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B. LES OBSERVATIONS DES CHERCHEURS SUR LE RAPPORT
PRESENTE EN JUILLET 2007

LETTRE AU DIRECTEUR GENERAL DE LA SANTE, DU 16 AOUT 2007

(cf. documents envoyés par le Dr. Luc Multigner, Inserm U625, de [’Université de Rennes,
le 20 février 2008)

Professeur Pascal BLANCHET
Chel du Serdce d¢'Uralogie
CHU da Painte & Pitre

Professeur Eustase JANKY
Chef du Sarvica de Gynécologie-Costétrigus
CHU de Poinle 4 Filre

Docteur Philippe KADHEL
Service de Gynécologie-Obeiéligque
CHU de Pointe & Pitre

Docteur Luc MULTIGNER
IMSERM U245
Rennes

]

Monsieur le Directeur Général de la Santé
14, AVBENLE DLH]IJEM&
TEI50 PARIS 07 5P

Paointe & Pitre et Rennes, le 16 acdt 2007

Objet : réumion 30 aodf 2007 - Chlordécone —~ Rapport Balpomme

Mansieur le Directeur Général,

Mous avons pris connaissance du « rapport d'expertise et d'audit externe concernant la pollution par
les pesticides en Martinigue » gui commente des recherches biomédicales dont nous avons la
responsabilité scientifique. Nos cbligations professionnelles ne nous permettant pas d'étre présents a
la réunion interministérielle que vos services organisent le 30 aoGt prochain & Paris, nous vous
fransmettons ci-dessous nos principaux commentaires.

m Contrairemant 4 ce que les auteurs du « rapport » pourraient laisser croire, nous tenons a
préciser que les recherches biomédicales évequées ne sont pas mendes au nom d'un
organisme fit-il de recherche, mais par des chercheurs, enseignant-chercheurs et cliniciens en
foute indépendance vis-a-vis de leur organisme de rattachement (EPST, CHU, Universités) et,
bien évidement, vis-2-vis des services de I'Etat en charge de I'évaluation et de la gestion des
risques sanitaires.

w Les protocolas de nos recherches biomédicales, dont le promoteur est le CHU de Pointe 4
Fitre, ont été évalues par des comités d'experts disposant d'une [égitimité scientifique et
institutionnelle’. Ces recherches associent de nembreuses équipes frangaises et éirangéres
possédant une expertise internationalemeant reconnue dans leur discipline correspondante.
L'objectif général de ces recherches est d'identifier et de caractériser des déterminants, ou
facteurs de risque, de survenue de certaines pathologies en relation avec la reproduction, le
développement et les organas de la sphére uro-génitale, dont ceraines sont particuligrament
fréquentes aux Antilles. Ces études comprennent divers objectifs spécifiques dont celul
d'estimer impact sanitaire de la contamination de Ia population antillaise par le chiordécone.

! Programme Hospitaler de Recherche Clinique, Plan Pluriformation du Ministére de la Recherche, Programme de Rechierche
Emironnement-Santé de FAfszet, Programme de Recherche sur los Perurbateurs Endocrinien du Minisigre de
FErvirannement, Pregramme Nalional de Recherches én Alimeniation et  WNulrifion Humaing de lagence Malionale de la
Recharcha, Arsociation pour la Recherche Contra le Cancar,
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Pour répondre de manigre pertiinente 4 cel objectif, des collaborations ont &té &tablies avec des
équipes étrangéres hautement qualifiées telles que I'Unité de Recherche en Santé Publique de
PUniversité Laval au Québec, spécialisée dans le suivi des populafions Inuits contaminées par
des polluants organiques persistants, ef le Laboratcire d'Ecologie et d'Ecofoxicologie de
IUnivarsité de Lidge, spécialisé dans le dosage de ces mémes polluants dans des matrices
biologigues.

u Les appréciations portdes par les auteurs du « rapport » sur nos recherches ont &té réalisées
sur la base de « diffidrenfs documents informels » sans s'étre enquis auprés des investigateurs
de l'exactitude de ces documents ou des objectifs et des ceractéristiques des protocoles mis en
place. Il en résulte des approximations, des inexactitudes, des incohérences et surtout des
affirmations mensongeres sur les intentions des investigateurs ainsi que sur les objeciifs et les
methodologies employees. Ainsi par exemple, les auteurs du « rapport » crifiquent nos
recherches arguant qu'slles se limiteraient au chlordécone sans prendre en comphe dautres
facteurs, y compris chimigues. De méme, ils estiment la puissance de 'étude consacrée &
l'impact des expositions au chiordécene sur 1a fartilité masculine comme insuffisante bien qu'ils
ignorent les procedures d'analyses statistigues mises en ceuvre. Ces exemples, gui
maiheurausemeant ne sont pas les seuls, ilustrent parfaitement le procédé des auteurs du
« rapport » consistant & juger & partir de fausses prémisses et sans avoir pris la peine de verifier
leur véracité,

= Les auteurs du « rapport » sa limitent & citer les acronymes des études sans la moindre
référence aux noms des investigateurs ou des équipes impliguées. Cela ne les empéche pas de
porter un jugement sur les disciplines et les gualifications professionnelles des invesligateurs,
conduisant ainsi & regretter Fabsence de compétences dans certaines disciplines alors qu'elles
y sont reellement présentes. A titre d'exemple caricatural, ils déplorent 'absence de spécialistes
de |a fertilitd alors que des éguipes internationalement connues et reconnUes pour leurs travaux
sur la fertilite telles que le Service de Biologie de la Reproduction-CECOS du CHU Cochin ou
I'Unité 625 de l'inserm participent activement & ces recherches. Pourtant, les auteurs du
wrapport » ne s& privent pas & d'autres occasions, ¥ compris sur les médias, et pour
argumenter leurs idées, de faire état das travaux de ces deux équipes, tels que ceux ayant
montré une diminuticn séculaire de la gqualité du sperme” ou impact des expositions & divers
agenis chimiques de 'environnement sur la fartilits” respectivement

m Les auteurs du « rapport» développent des propos surprenants vis-a-vis de concepts
sanilaires ou scientifiques élémentaires ou des caractéristiques des pathologies évaquéas. Alnsi
par example, ils considérent la baisse de la fécondité comme une maladie, confondant ainsi un
indicateur soclodémaographique avec une condition sanitaire qu'est l'infertilitd. lls considarent
l'augmentation des anomalies du développement génital comme étant un probléme de santé
publique sur la base que cetle augmentation serait « possible » sans pour autant avancer le
moindre argument soutenant cetie possibilits. s contastant la mesure du chlordécone dans le
sang en préjugeant du sens que nous allons lui attribuer at en omeattant toute référence a la
[ittérature scientifigue montrant la rationnel de cette mesura comme indicateur dexposition. 1l
est également étonnant de constater qu'au moment de présenter des généralités sur le cancer
da la prostate, ils négligent de mentionner le réle majeur et indiscutable de linfluence des
caractéristiques ethno-géographiques des populations dans |2 risque de survenue de |a maladie
at de son importance dans le contexde antillais. De méme, ils parlent du role « des génes de
polymomphizmes » dans l'augmentation de lincidence de la maladie, en les confondant
probablement avec les polymorphismes des génes, lesquels ninterviennent que comme
facteurs de susceptibiliié en interaction avec des factours exogénes ou endogénes.

w Les auteurs du « rapport » s'appuient sur une bibliographie sommaire et caractérisée par
I'absance notoire de toute référence aux nombreux travaux épidémiologiques ou toxicologigues
sur le chlorddcone, lesquels constituent par ailleurs la base rationnelle sur laguelle s'appuient
nos recherches biomédicales. Une revue générale publiée dans Reproductive Toxicology *, et

z Auger J et al. Decline in samen quably amang ferlile men in Paris during he ﬁaa.l 20 years, New Emgl J Med, 332, 281-5, 1985
? Ciiva A et al. Confribution of environmental factors to the risk of male infertility, Human Reprod, 18, 1766-78, 2004

* Prins G5 ol al. Devalopmental Estrogen Exposures Pradispese fo Prostate Carcinogenesis with Aging. Reprod Toxical, 23,
AT4-02, 2007,
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non pas dans Reproduction Toxfeology comme Indiqué dans le texte, est citée pour affirmer
I'origine intra-utérine du cancer de la prostate alors qu'l ne s'agit que d'une hypothése selon les
auteurs de la revue. De plus, ils se gardent bien d'indiquer, comme le soulignent les auteurs de
la revue, que la forte prédisposition qu'ont les populations noires-américaines a déavelopper un
cancer de la prostate pourrait étre parfiellement reliée & une imprégnation feetale plus élevée
aux caslrngénas maternels pendant la grossesse chez les femmes noires que chez les
caucasiennes®, Notons au passage que les auteurs du « rapport » n'ont pas pris la peine de
prendre connaissance des données publiées sur lincidence du cancer de la prostaie aux
Antilles®. Cela leur aurait &vité de dire que l'incidence du cancer de la prostate serait I'une des
plus élevéas au Monde « selon des données a confirmer » ou bien de tenir des propos enmonés
sur la distribution de I'4ge de survenue de cette maladie aux Antilles.

En conclusion, ce «rapport» témoigne, outre un langage et des connaissances scientifiques
limitéas, d'une volonté de manipulation et de dissimulation de la vérta, voire dans le meilleur des cas
d'una ignorance délibérée. La maniére dont les auteurs du « rapport » &valuent nos projets s'assimile
4 celle qui caractérise les procés dintentions. Une telle approche est fort éloignée de toute procédure
intégre d'évaluation scientifiqgue. Tenant compte du caractére fantaisiste des propos tenus par des
parsonnes, manifestemant dépourvues des compétences scienfifiquas dans les disciplines requises
pour la réalisation de recherches biomeédicales évoguées et sabritant sous couvert d'une asaumanon
qui se prétend &tre « un des premiers organismes frangais de rechaerche contre le cancer »”, nous
considérons gue les appréciations faites sur la qualité scientifique de nos travaux relé\'ent de la
mystification.

A ca jour, prés de 2400 guadeloupéens et guadeloupéannes nous ont fait conflance en acceptant de
participer & nos étudas, entreprises dans le respect scrupuleux des dispositions du Code de Santé
Publique en matiére de protection des personnes padicipantes 4 des recherches biomédicales. || ast
de la responzabilitd de 'Etat de faire le nécessaire pour garantir "honerabilité de nos recherches vis-
@-vis des hommes et des femmes qui ont accepté d'y participer et, d'une maniére plus générale, pour
protéger la population antillaise de linfluence de ceux qui, sous couvert d'oripeaux de respectabilité
scientifigue, n'en sont pas moins des charlatans.

Restant & volre disposition pour toute information complémentaire, veuillez croire Monsieur le
Directeur Général, & nos plus sincéres et respectususes salutations.

Professeur Pascal BLANCHET Profasseur Eustase JANKY
Sandce d'Urclogie Sarvice de Gynécologie-Obstétrigue
CHU da Paointe & Piire CHU da Peinle & Filre
EP 465, 87159 Poinie-4-Fiire Cedex BP 465, 97158 Pointe-a-Fitre Cadex
Easoal blanchad@chy-guadaloype It Euslaes.jank -G uadeloy
Docteur Philippe KADHEL Docteur Luc MULTIGNER
Senvice de Gynécologe-Obslétique INSERM U825
CHU de Pointe & Pitre Campus de Beaubey, Université Rennes 1
BP 466, 57169 Poinli-i-Pilre Cidex 35042 Rennas Cadex
Ehillippe kadnal lpupe fr Luc.muitinne rifrennes. insem.f
C.C

i Eric Godard - Miszion inlarministériedie at interrégionale — Chiordécons, Farl de France.
M Phillppe Quénel - SIRE Anlilles — Guyane. Fort de France.
Mme Jocalyne Bowdod - Sous direction de 1s prévantion das reqessa iés & lenvironnemant et & Falimentation - DGS, Paris

¥ ““African-American man have a two-fold increased risk of prostatic carcingma as comparad to their Cavcasian counderpars

and it has beon postulated that this is relaled, in par, to elevaied bevels of maternal estrogens during early gestalion in this
Eﬂnulsmn in Pring G5 et el. Reprod Towical, 23, 374-82, 2007 .

Mallicx 5. &t al. Progtate cancer incidence in Guadelouge, a French Canbbean arc.huel.agrr Eur [J'f'ﬂr 4T, TE9-72, 20056
Tefla pape accesalble e 16 acdt 2007 sur hitp: M. inf oA
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C. ARTICLE PUBLIE DANS L’« INTERNATIONAL JOURNAL OF

ONCOLOGY »
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Prostate cancer as an environmental disease: An ecological study
in the French Caribbean islands, Martinique and Guadeloupe
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Abstract. Using a transdisciplinary methodological approach
we have conducted a multifuctoriul analysis in Marlinigue
and Guadeloupe in order to elucidate the logy of |

men, Each year, there are presently ~300,000 and 218,000 new
cases, respectively in Europe and the USA (1.2). Although
the recent use of sereening detection in addition to therapeutic

cancer, In 2002, world age slandardized rates of p
cancer were 152 new cases per 100,000 person-ycurs in the
two islands; one of the highest worldwide rates and much
higher thun those repurted for olher Caribbean islands and
metropolitan France. Using a lincar regression analysis, we
found that the growth curves of incidence rates for Marlinique
and metropolilan France have been signiticantly diverging
since 1983, That these curves arc nol parallel suggests that
although a Caribbean genetic susceptibility factor may be
involved in carcinogenesis, Lhis [aclor cannot per s¢ account
for the observed growing incidence. On the basis of mapping
nnulym of soil pollnl:on. we further showed that water
ion hy pesticides origi Trom bnnnm plantations.
Mo:eover. we huvs blished r y thal g ]
popul bj ny d in WTZ in ‘Mammque for the
presence of nrgannchlormntcd pesticides in their adipose
tissue hud been contaminated by extremely high levels of
DDT, DDE, a, B and yHCH, aldrin and dicldrin. Qur study
leads to the conclusion that the growing incidence of
prostate cancer cannot be related either (w a modification of
ethnographic (actors nor to a change in lifestyle and therefore
suggests that environmental [actors such as the intensive
and prolonged exposure to carcinogenic, mutagenic and
reprodoctive toxin p may cause prostale cancer.

Introduction

In Western countrics, prostate cancer is the most frequent
non-cutaneous cancer and the second cause of cancer death in

Il may have contributed to a decrease in mortality
(3) this cancer is still responsible for the yearly death of
~68,000 men in Europe and of 30,000 men in the USA (1.2).
In most countries, the mean age at diagnosis is 65-70 years and
the late discovery of this cancer, often combined with a slow
tate of progression results in most patients dying from other
cuuses. Nevertheless, currently, 10 to 20% of prostate cancer
patients still die of their cancer, regardless of treatment (2,4).

Although prostate cancer is now the most commonly
diagnosed cancer in mun in Western countries, its aetiology
remains unclear, The most consistent risk factors are
advancing age, family history and ethnic origin (5,6). However,
risk factors are not neccssarily cancer causing agents, i.e.
agents directly involved in the carcinogenesis process, but are
most often factors that contribute to genetic susccplibility
and/or to exposure to carcinogens, Moreover, although
environmental factors have not yet been elearly established
(5,7), prostate cancer, as it is generally the case for any canver,
is belleved to result from u multifactorial process involving
hoth genetic and environmental compunents (8).

Prostate cancer has become very frequent in Martinique
and Guadeloupe and these two places are presently regarded as
having one of the highest world age standardized incidence
rafes (9.10). Martinique and Guadeloupe are two tropical
islands in the French West Indies, Their relative geogruphical
isolation, theit limited land surface (1080 km? fur Martinique
and 1703 km? fur Guadeloupe). the low number of inhabitants
(393,000 for Martinique and 450.000 for Guadeloupe), &
similar health care systcm and medical practice as in
m:lmpulltan France, the possibility of determining

Correspondence to: Prolessur D. Belpomme, ARTAC, 57-59 e
de la convention, 75015 Puris, Frunce
E-mail: artac cere@wanadoo fr

Key words: prostate cancer, environmental discase

en und/or lilestyle-related factors and their fime-
related modifications; all these fuctors explain why Martinique
and Guadeloupe constitutes a particularly relevant model for
the investigation of 1 cancer g agents.

Based on a transdisciplinary approach, our multifactorial
study had three interdependent objectives: o evaluate the
incidence tates ol prostate cancer in Martinique and
Guadeloupe, during the last 25 years and to compare their
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evulution with politan France; analyze the geographical
distribution of incidence rates. in order to determine whether
local environment-related risk factors can be highlighted; and
(o carry out a retrospective analysis of the ngmultural um. of
pesticides and of the resulting contamination ol g in
order lo determine whether pesticides may ho mvnlved in
prustale carcinogenesis,

Materinls and methods

Data collection. Data on which this study is based come from

avuilable official d s, scientific publications and

OBELPOMML er al: PROSTATE CANCER AS AN ENVIRONMENTAL DISEASE

Regionale de I'Environnement, DIREN), two French
organisalions involved in the control of environmental
pollutants.

The amount, time trends and types of pesticides used in
Martinique have been detennined (rom official documents and
published data (14) and by the means of a specific investigarion
conducted by vne of us in 1972 (15). Concentrations ot
1.1,1-trichloro-2,2-bis(p-chlorophenyl)ethane (DDT), its
metabolite, |, 1-dichloro-2, 2-bis (p-chlorophenyl)-clhylene
(DDE), «, B und y i of hexachlorocyclol (LICH),
aldrin and dieldrin were measured in the adipose tissuc ol 36

specific investigations. For the dolormunnrlon of incidence
raies, ull prostate cancer cases diagnosed belween 1995 und
2002 in Guadeloupe and between 1983 and 2002 in
Martinique, i.¢, 2104 cascs und 4613 cases respectively have
buen included. For Martinique, we used data (rom the French
Institute of Sanitary Control (Instilul nutional de Veille
Sanitalre, InV3S), These data bave been derived from the
Martinique cancer registry held by AMREC, the Martinique
Association for Epidemiological Research on Cancer (11). In
the absence of a cancer registey (or Guadcloupe, we considered
data published by urologists of the University Iospital of
Pointe-g-Pitre in Guadeloupe (9). Although the evolution of
incidence rates for prostate cancer in Guadcloupe tends to be
similar 1o the one in Martinique, we could not vse published
data from Cuadelonpe for comparison. becuuse these duta
were established without using the standardized procedures
and criteria set up hy the French Mational Cancer Registry
(12). Tn addition, because all official data were not uvuilable,
we were obliged lv restrict our analysis to the period 1983-
2002 for Martinique and to 1978-2002 for metropolitan
France.

All incidence rates have been standardized to the world
standard population of 1976. For comparison with metropolitan
France, we used data from Lhe French National Cancer
Registry, which provides incidence rutes from || metropolitan
departmental registries. These registries are those from which
the national extrapolated incidence rates of prostute cancer
in metropolitan France are hased on. For international
comparison, we used incidence rates from the Globocan 2002
database of the nter 1 Agency lor Research on Canvcer
(IARC) (13). Mapping of prostate cancer incidence rates
according to case residence bas been ublained from e Gancer
registry of AMREC for Martinigue, whilst for Guadeloupe a

bjects hospitalized for benign discases in Martinique.
There were 25 females and 11 males of whom, 28 were
adults (20-6R8 years old) and 8 were children (11-16 years
old). Mean age was 34 years. The 36 subjects tested were
from all parts of lhe islands. Benign d included
uppendicitis, salpingitis, hernia, fractures and benign ovary or
kidney cystis. Fat smnples of 3 (o 5 cm?® were taken (rom the
abdumingl subculuncous region and the intra-ahdominal
tissues of 17 and 19 subjects respectively. Samples were
collected, under aseptic conditions stored in -20°C and
analyzed vsing high p gas ek t hy.

Data processing and statistical analysis. We vsed a 3 step
methodology In lllc first step, we compared the evolution of
cuncer incid rates in Martinique with that of

melmpolltan France, based on data obtained from the 11 alore-
ruentioned p 1 registries. Hence, the
overall incid curve for M was pared to the
one extrapolated for overall metropolitan France.

I'arthermore, in order 1o defermine the best model Litting
incidence growth curves, we checked for growth homogeneity
for each of the 11 metropolitan departmental registries and for
the registry of Martinique. For modelisation, we used a lincar
regression analysis and deteninined curve cquations according
to the best value obtained for the determinution coefficient
(RY). For comparison, we used rights instead of exponential
curves and calculated the slope of incidence growth curves for
each repistry.

Statislical analysis isted in the ion of the
standurd deviation, based on real values obtained from the
n depmmental registries, while for Martinique, real values

litun depar
-

were d with their corresp g values in the curve.
'.In the second step, we searched for a pnmnhlo gengraphical
iun b the distiibation of standardized incidence

similar investigation was catried out using data collected by
the department ol medical informalics ol the University
Hospital of Pointe-a-Pitre. Moreaver, in arder to correlate the
localization of prostute cancer with that of banuna plantations
on the two islands, we used mapping as determined by the
burcau of geological and mining resovrces (Bureau des
resources géologigues et minidres, RRGM) which is the
leading French public institution for the sustainable
management of natural resources and surface/subsurface
risks, Also, in order to interpeete the geographical distribution
of proslale cancer i rales in M we analyzed
specilically waler supply conditions since 1944, using
information available [rom the French Institule for
Environment (Institut frangais de I'environnement, IFEN) and
from the Regional Department for Lovironment {Direction

ralios (SIR) of prostate cancer and the agricultural use of
pesticides. Indeed, in Martinique and Guadeloupe the tropical
climate, while being suitable for crop growth also favours
pests. This situation results in the usc of large amounts of
numerons pesticides on banana plantations. We thus undertook
a specific mupping analysis, comparing the soil pollution
distribution by severnl pesticides including BHCH and
chlordecone, with the local distribution ol prostale cancer
incidence rates according to STR. Since water is a vehicle for
pestivides, we also cxamined precisely the water distribution in
Martinique.

Finally. in the third step, using available dals, we
undertook a retrospective analysis of the smount and types of
pesticides used in the two islands. We took into consideration,
as chronological indicator, the resulls (hal we oblained in
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Table 1. Incidence of prostate cancer in 2002 in Caribbean, 8 40
metropolitan France, Sweden, USA, Martinique and 5w
Guadeloupe. f 4
[ N bl
Region Prostale Lile expecluncy g:
cuncer incidenca®  at birth (males) o
']
Caribbean i 2
Cuba 282 75 L r ” v .
Haiti 38.] 53 e B 1o s o
Jamaica a24 70 Yome
“Frinidad and Tobugo 60.5 67 Figune | Evolution of e incidence ralgs of prastate cancer in Maninique
Buhamas 65.3 70 in camparison with the ones in 11 politim dep | regisiries « and
L. ; ’ overall Yitun France A. Although the best model was [wund 10
Dominican Republic 853 65 ' | rowth (sec text), we the of
Barbados 937 71 the different incidence growth curves, by using rights instcud of
Porlo Rico 100.1 N exponenials, For fights, values of R* were 0.9675 for Martinique, 09391 for
the || metropolitan departmental registries and 0.9641 for overall
Metropolitan Franve 753 77 metopolitn France.
Matropolitan departments
P:“'m’i“ 69.34 75 (all races included), but tends to be similar to incidence rates
Calvados 792 74.5 observed in black Americans living in the USA and in first
Doubs 4753 756 [ ion black Caribt und black Africans Fiving in the
lsire 70.70 763 K (16).
Somme 5220 733 Fig. | indicates that the growth curve of prostate cancer
Turn 8077 764 incidence rates during the period 1983-2002, in Martinique
dillers significantly [rum the une obscrved in melropolilun
Sweden %08 7 France, as determined from the 11 metropolitan departmental
UsA 124.8 75 regisiries, The latter curve fils in perfecily wilh the extrapolated
— curve for overall metropolitan France. We found that the risc
Martinigue 15217 753 in incidence might be at constantly increasing rutes. Using a
Guadeloupe 1523 74.3 linear regression analysis, we Found values of R? of 0.9779 lor

*World standardized rates per 100,000, data source obtained from
Cilobocan 2002 (13). YDty source obtained from Score santé (46)
{year 1999) for Guadeloupe, Martinique and the other French
departments and from WHO Statistical Inforroution System (47)
{ycar 2005) for the other Caribbenn counlries, Sweden and USA.

Martinique, of 0.9816 for the 11 metropolitan departmental
registries and of 0.9928 for overall metropolitan l'rance for
the exponeniial model. However, although the best
modelisation was found to fit exp ial growth ey

we considered it more convenient to evaluate rights instead
of exponcnlials (o cvaluate the divergence of the different

1972, which revealed the presence of pesticide residues in
the adipose tissue of Martinicans.

Results

The growing incidence of prostate cancer

Compurison with metropolitan France and other countries.
As indicated in Table 1, the world age standardized incidence
rate of prostate cancer in 2002 in Guadeloupe is similar to that
obtained in Martinique: 152 per 100,000, The incidence rates
for Martinique and Guadeloupe appear 1o be much higher

id prowth curves. In this case, growlh cquations in the
simple form of y=ax+h were y=6.724x-4674.930 for
Martinique, y=2.373%-4674.931 for the 11 metropolitan
French departments and y=2,646x-5217.930 for overall
Metropolitan Hrance. As indicated in Fig. 1, the slope of
the growth curve ol prostate cancer Incidence rates in
Martinique is significantly diverging since 1485 from the one
in the 11 metropolitan French departmenlx and from the one
in overall metropolitan France, We found that the slope of the
incidence growth cutve for Martinique was 6.724£0.871,
whereas the mean slope of the incidence growth curve fur the
11 metrapolitan registries was only 2.373+0.2648.

Geographical distribution of prostate cancer. Accurate

mapping of prostate cancer incid rates in G T

than those reported by TARC for other Caribbran
Morcover, incidence rates in the 1wo islands reached values
twice the ones ohtained from metropolitan France (152 vs.
75/100,000) und are much higher thun the ones in Sweden,
which has the highest incidence rate of prostale cancer in
Eurvpe (13). Prostate cancer incidence rates in the two French
Carribean islands ure even higher than the ones in the USA

wus unforlunuiely not p ible owing to incomplete dats.
However, we observed that in Martinique afthough soil
pollution by BHCH and chlordceone are mostly sitvated in
Ihe North part of the island (Fig. 2A), paraduxally the highest
incidence rates of prostate cancer were found to be localized in
the South-Western part of the island (Fig. 2B). As indicated in
Vig. 2C while the North and the South-East of Martinique
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Figure 2. Soil pollution by pesticides (A), of Jized ! rution (SIR) of prustate cancer (R) in Martinique and fresh water distribution
(). (A L of sail pollution by Chlard (mgiky) fing 1o BROM. Localisation is similar for Chlord

0.1-0.5 mp/ke; (vellow) 0.5-1 me/kg; (red) | mg/kg; (whitc) not studicd classes: (dark grey) Urban, Water, (B) Distri

(Girey) <0.1 mgfky; (groen)
of § Mg

(SIR) uf prosiate cancer (grey and black) 0.85-0.95; 0.95-1.05; (dark grey and hluck) >1.15 acvonding 1o AMREC. (C) Fresh water distribution according to

HRGM. » Comesponds speeifically w natural waler springs coming from

indicale ways of freshwuter distributivn.

SEEEDE
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Figure 3. A

were supplicd with water coming from other sources,
according to official mapping, we further observed fresh water
distribution and found that the South-Wesl of Martinique was
specifically supplicd with water coming from rivers located
in the northern part of the island, which is covered by
pesticide-contaminated banany plantations. as indicated in
Fig. 2A.

Retrospective analysis of pesticides use and human
contamination. Fig. 3 shows the (ulal amount of pesticides (in
tanes) which have been imported to Martinique since 1955,

{ gne Pele) 0 Js specifically to drilling water. Amows

Since bananu plantations were introduced to the two islands at
the same time perind, and as the pesticides used were
provided by the same companies in both islands, a similar
trend was observed for Guadeloupe (data not shown). Table I
shows the carcinogeni genic and rep ive toxin
(CMR) or presumed CMR pesticides most used in Martinique
and Guadeloupe on banuna plantations and which might be

involved in p inog All except simazine have
heen classified as possibly carcinogenic by the IARC. Table 11
further indicat ions of pesticides found in the

adipose tissue of 36 Martinicans during the 1972 study. An
important finding is that all tested subjects, independently of
their place ol residence on the island, were shown Lo be
contaminated by extremcly high doses of DDT and DDE, with
extreme values climbing up to 9 mg/kg of DDT and 16 mg/ke
of DDE in adults und 8 mg/kg of ODT and 7 mg/kg of DDE
in children aged between 11 and 16 years. Similarly, all three
isomers of HCH were detected in all tested subjects, but at
relatively weaker concentrations, with extreme values rising
up to 0.6 mg/ky for cHCH, 2 mg/kg for BHCH and 0.2 my/ky
for lindane (yLICH) in adults and up to 0.3 mg/ksg for aHCL
and 0.6 mg/kg for BHCH in children. In several subjects,
relutively high levels of aldrin and dieldrin were also
detected., If individual values of DDT and of Its metabolite
DDE arc added up, in order to estimate the DDT-associated
contamination (DDT-ACY; and similarly, if individual values
of the 3 HCH isomers arc summed up in order to estimate the
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"Table 11 CMR and presumed CMR pesticides used since 1955 in Martinique and Guadel

On the market Maximum

¥

Withdrawal from the Continuation TARC

of use market for agricultural use of usc classification

Technical DDT 1939 1960-90 1972 28
Technical HCH 19402 1950-60 1988 1998 i t)
Lindanc 19400 1950-60 1992 B
Aldrin/dicldrin 19507 1960 1972 1992 2B
Chlordecane 1072 1980 1990 1993 pii]
Chlordunes 1960 2B
L'erchlordecone (mirex) 1977* 1980 1990 28
Simuzine 1991+ 2001 »
Official data not available. *Simazine, a non hlorinated 1

i associated with an increased risk of prostate cancer (43).

Technical DDT is a mixture of the isomers p,p'-DOT (55'!:], n,p’ DI (15%) anﬂ 00" mrr (<1'%) and technical HCH, a mixture of the

somers &, B and y. Chlordunes include truns-chlordane, cis |

hlor and heptachl

rans cls-

‘I'able UL Mean cuncentrations and extreme values of organochlorinated pesticides in the adipose lissue of normal subjects in

1972 in Martinique. =

boT DDE aHCH BHCH yHCH
16-68 ycars 25 266 0.14 030 0.10
(28) 079 (0.3-16) (0.01-0.6) ©.06-2) (0.03-0.24)
11-16 years 1.1 2 0.14 0.36 0.2
(6) (0.8-8) (14-T) 0.04-0.3) (0.14-0.6) -

"Valucs arc cxpresscd in mg/kg of lipids cxtructed from adipose tissue, "Detection of aldrin und dielkirin was negative in most subjects hut
pusitive in several subjects where concentmtion wean values wers between 005 and 0.08 mp/kg.

LIC11-associated contamination (HCH-AC), then in the adipose
tissue of all subjects, the mean valucs obtained are 4.1 mg/kg
and 0.44 mg/kg for DDT-AC und HCH-AC, respectively.
These mean values represent considerably bigh levels of
human contamination by (hese two organochlorines.

Discussion

Prostate cancer incidence is steadily increasing in all
industrialized countries, whele the rise is commonly wlributed
o in i iom and 1o population aging
(7. We have previously analy‘wd the Lﬂ'm.l ol these two
factors on proslale cancer incidence, concluding that
improvement in screening detection by the ine use of

than in metropolitan Grance (Table 1) and that the curves of
growing incidence diverge hetween those arcas (Fig. 1). Since
medical practice in the two French Caribbean islands such
a5 the routine use of the PSA-based screening test does not
differ from that in metropuolitan France, it is vnlikely that the
difference observed in incidence rates is due to improved
sereening techniques. Similarly, since life expectancy of the
population in Martinique and Guadeloupe does not
significantly differ from the vne in Metropolitan France
(Table 1), it clearly appears that aging cannot per se sccount
for the differcnce in incidence.

Therefore, as neither screening deteclion or aging can he
sed lorth to explain the differences in prostate cancer
we lpoked for ather possible causes.

Prostale-Specific Antigens (PSA) test cannot per se fully
for the ly growing i ¢ of this cancer (18).
Similarly, we have pointed out that increase in life expectancy
cannct cxplain why rsing prostate cancer incidence affects all
age categories (19), why il is more perceplible in young people
than in the elderly (20) and why it aceurs ar an earlier stage in
life (21).
The present study tends to confirm our previous analysis
{18,19). A major new [inding is that the incidence rates of

Prostate cancer is a type of cancer {or which tamily history
has been ¢learly identified. Genetic susceptibility factors have
been thus considered first becuusce they appear to be frequently
involved (8,22). Unfortnately, search for specilic genetic
factors has led w the determination of dozens of different
laei vr genes of hereditary susceptibility (23), so genetic
investigations tend to be extremely complex. Ethnographic
factors have also been set forth (16,24). The incidence of

; cancer in Martinique and Guadeloupe are much higher

tatc cuncer varics substantially across ethnic groups, with
Afro Americans having the highcst rales worldwide, with
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Caucasians showing intermediate rales and Asians the
lowesr rates (25).
An ethnographic factor of g ptibility has

BLELPOMME ef al: PROSTATLE CANCER AS AN ENVIRONMLUNTAL DISLASL

hay probably generuted the maost extensive efforts aiming to
c]aufy the m‘le of lifestyle-related factors in prostate

been found to he involved in prostate carcinogenesis in
subjeels with African ancestry. Even though it is probably the
same for the Caribbean populntion (because of its origing,
our study leads us 1o conclude thul this lactor cannot per se
account for the current growing incldence of prostale
cancer in Martinique and Guadeloupe, fur the [blowing
reasons: 1) The fact that for the perod considered (1983 and
2002), incidence growth curves in Martinique and
metropolitun France are not parallel but divergent (Lig. 1).
This suggests that although a Caribbean genetic sus-
ceptibility factor may he involved in the genesis of prostate
cuncer, it cannot per se account for the observed divergence.
Indeed. if an cthnographic factor alone had heen causally
involved, the curve of growing incidence for Marlinigue
would have heen parallel with that o metropolitan France, ii)
The drastic increase in proslale cancer incidence observed
since 1983 in Whe lwo islunds, over approximalely ane
generation, cannol be explained by an increase in
susceptibility due to gene segregation, as the development
period is too short. iii) Furthermore, as indicated in Tuble 1,
there is a cunsiderable variation in prostate cancer incldence
ratex smong the different Caribbean islands, even though
they are nssociated with similar cthnographic leatures. This
suggests that fuctors other than genetics are involved.
Moreover, prostate cancer incid rales in M and
Guudeloupe wre much higher thun those observed in the other
Caribhean islands while, with the exception of llaiti, the
Dominican Republic und Trinidad and Tobago, similar life
expectancy is observed (Table T). iv) Finally, in order to
explain the growing incidence of prostate cancer in
Martinique, the ideration of genclic factors alone cannol
for the ¢ jon of the highest prostate cuncer
incidence rates in the South-Western area of this island
(Fig. 2B).
‘These different arguments therelore strongly support the
hypothesis that in addition to aging specific non-genetic

b factors, such as high fat diets, and
high prntam and energy intake (30) are thought to induce
significant changes in level of endogenous hum\unes und
their holites, thus ibuting 1o p i
Hence oonslderlng prostate cancer as an hormone- dcpendenl
tumor, it has heen hypothesized that sex steroid hormones.,
such ax androgens and estrogens, may be regarded as
intermediates between dietary factors and molecular targets
through the process of carcinogenesis (31). Unfortunately,
despite many elforls, the role of dietury factors and other
lifestyle-reluted factors in prostate carcinogenesis still
remains elusive (32), with the possible exception of helero-
cyelic amines related to carbonization of food, among which
2-amino-1-methyl-6-phenylimidaco [4.5-b] pyridine (l-'hll’}
has been the most studicd chemical lor its curei
propertics (33). However, such cooking methods are not
common in the two islands and no epidemiological data have
clearly pointed out the role of PhII® in the genesis of human
prostate cancer. Furthermore, if we consider that a Western
diet coming lrom melropolitan Franee has been introduced
into Marlinigue and Guadeloupe during the last decades.
this new risk factor is not relevant, since it cannot per se
account for the difference in growing incidence ol prostate
cancer observed between metropolitun France and the two
islands.

We have also previously disting
fuctors from lifestyle-related factors (18,19), defining
euv.rcnmemal factors s physical, chemical and binlogical

ECHS 0T CO gens and lisled environmenial
carcinogens that are prescntly recognized as such by
international cancer research agencies (34).

Several types of chemical agents (incinding CMRs), acting
as endocrine disruptors have heen found Lo he associated
wilh prosiate cancer occurrence, but their causal role in
prostate carcinogenesis has not yet been proven. Among
these substances, orpanochlorinated pesticides are of mujor
health b they can persist in the environment,

P - 1
eny

factors must be considered to account for the growing
incidence of prosiate cuncer in the fwo French islands,

Considering the concept of curcinogenesis, it clearly
appears that the older o person is, the longer his/her exposure
period to carcinogens is and hence the greuter the probabilily
of cancer occurrence will be (26).

Among non-genetic factors are lifestyle-reluted fuciors.
For >25 years, cpidemiological studies have reported
imhal d diets, aleohol o I and tobacco smoking
a5 being potential risk factors for prostate cancer (27,28). This
hypothesis has been mainly based on migration studics
which have shown that people moving from countries with
low incidence andfor mortality rates of prostate cancer such
s China or Jupan. o countrivs with high prostate cancer
incidence rates such as the USA - charuclerized by significantly
higher prostate cancer incidence and mortality than peaple
in the countrics of origin (29). Moreover, because the rise of
prastate cancer incidence in Asian countries was found lo be
associated with a gradual adoption of 1 lifestyles, it
has been postulated that western diet may be implicated in
prostate cancer aetiology (28). Research on diclary factors

concentrate in the food chain und accumulate in the adipose
tissne fram which they can be released into blood circulation
and target peripheral tissues during carcinogenesis (35).
M:my. but not all epidemivlogical studies. have shown that

i to some pesticides or to some pesticide
cocktails is associated with a significant incrcase in prostatc
cancer risk (36,37).

Our retrospective analysis leads to the conclusion that
several types of CMR or presumed CMR pesticides, including
DDT, HCH, chlordanes, aldrin, dieldrin, chlordecone and
simazine (Table II) have been used in greal guanlitics since
1955 in Martiniyuc and Guadeloupe (14,38) and that severul
af them, used between 1955 and 1970, have been detected in
the adipase lissuc of all the subjects tested in our 1972 study
(Table TTT). Subjects then showed similar considerably high
lovels (up to several mg/kg), as in ather studies (39). Other
authors have reported thal expusure lo organochlorinated
pesticides is fated with an i d risk of prostate
cancer (4041) and that among the different pesticides used
intensively in Martinigue and Guadeloupe, DDT and DDE
(42,41), lindane (43), aldrin and dieldrin (41), chlordanc (41),
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heptachlor (41.43), vxychlordane (40.44) and simazine (43)
have been found to be associaled with a significantly
increased risk of prostute cuncer and/or have been deteeted al
significantly higher levels in prostate cancer patients than in
non-cancer patients, Morcover, the increased prostate canger
risk nssucinled with many of the afore-mentioned pesticides
lias been observed mostly in subjects with a family history
of prostaie cancer (41), a finding which suggests that
, exposure to pesticides in genetically susceptible subjects
Jincreases the risk of prostate cancer. Although our data
suggest thut several pesticide types, including DDT und HCH,
may have been implicated in the genesis of prostate cancer in
Marliniyue and Guadeloupe, we cannot exclode thal uiher
CMR substances, including other types of pesticides,
polychlorubiphenyls (40,44) and polychlorinated aromalic
hydrocarbons (45) may also have been involved,

The role of such other factors might be suggested by our
puradoxal obscrvation showing that in Murliniyue most
banana plantations are located in the Northern parl of the
islands, while the highest prostate cancer incidence rates
were found in the Suuth-Western part of the island (Fig. 2A
and B). However, analysing official data did not suggest any
specific local lfuctors, such as farming, road traffic or
industrial activities, which conld have accounted lor the
higher increase in prostate cancer incidence in the South-
Western Marlinique (duta not shown), By contrast, a
retrospective inguiry on the history of fresh water distribution
for the Southern Martinique. pointed out that gince 1944, [rcsh
water distribuled specilicully to the South-West of the
Martinique was directly issued from pollured rivers localed
in banana plantation arews. Consequently, our interpretation
is that people living in South-Western Martinique may have
been permanently contaminated by high pesticide levels
coming from banana plantations. As for people living in the
ather parts of the Island, their use of a different [resh water
source would have been less conlaminated by pesticides
(Fig. 2C).

"This inlerpretation is reinforced by the fuct that the different
pesticides used in hanana plantations that have heen detected
in 1972 at very high concentration in the adipose tissue of
Martinicans, concerned people living in the South as well as
in the North of the island. Indeed, this linding can be casily
explained by the fuct that the main source of pesticide
exposure is from diet, that local food may be contaminated by
multiple pesticide residues, and (hat in general, islands may
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patients trom Martinique and metropolitan France. We are
grateful to R, Clapp (US), A, Sasco (Frunge) and T. Tweedale
(UK) for their scientific contribution and for having reviewed
this wark,
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Une récente publication parve en mars 2009 aborde la question relative & Pexistence d'un ben
possible entre la pollution des sols aux Annlbes par des pesticides et ka survenue du cancer de la
prostate [1]. Dans un premier temps les suteurs affirment que "augmentation de incidence du
cancer de la prostate au cours des demidres décennies est plus élevée en Martinigue qu'en France
dite métropolitaine. Dans un deusiéme temps les auteurs tontent d'établir une comélation dite
écologique entre la disinbuton géographique de Dincedence du cancer de la prostate en
Martimique et la canographie des sols pollués par des pesticides d'une part et le svstéme de
distnibution des eaux de consommation d'autre pari Finalemeni, ifs concluent que seule
Iexposition aux pesticides peut expliquer la différence qu'ils observent dans la progression de
I'incidence de la maladie entra la Martinigque et la France métropolitaine

Vingddence du cancer de la prosiate en Martinique ef en Guadeloupe ext bien plus élevde
gu ‘e France métropolitgine = (voir publication en anglais) alors que ces constatations ont
déjh é1ds publides auparsvant dans la littérture scientifique ou médicale intemationale [2-
4]

Les awteurs présentent des valeurs, sans unité de mesure, qu'ils interpréten) comme
correspondant & |'évolution temporelle de ['incidence du cancer de la prostate en
Martinigue e en France méropolitaine sans mentionner que les faux annuels moyens
d'évoluton de 1'incidence de la maladie en Martinique et en France métropoliaine,
exprimeées en pourcentage, ont dég été publiés auparavant dans la littérature scientifique ou
miédicale internationale [3, 8],

La présentatson, tout comme une grande partie des données, du tableau | ainsi que la figure
2¢ proviennent de travaux antérieurs [2, 3] sans que les auteurs ne citent dans les légendes
du tableau ou de la figure, ni la référence onignale, ni leurs autewrs,
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La procédure emplovée pour estimer 1'évolution temporelle de I'incidence, caleul d'une
régression lindaire simple avec en abscisse certaines années et en ordonnée bes modences
standardisées cormespondantes, est totalement inappropridée. Cette procédure suppose une
hypothése forte de lindarité qui est difficilement vénfide en pratique dans le contexte de
I"épidémiologie des cancers. Cette vérification n'a pas éé faite dans la publication.

Des méthodes statistiques appropniées, of recommandées par le Centre International de
Recherche sur les Cancers (CIRC) de I"Organisation Mondiale de ln Santé (OMS), existent
depuis les années 1990, Les plus utilisées sont celles estimant bes tendances temporelles par
modélisation de I'dge, de la période et la cohorte de naissance (modéles ge-pénode-
cohorte). Ces méthodes permettent d'éviter des estimations fallacieuses

En utihsant des procédures validées comme celles indiquées ci-dessus, le registre des
cancers de la Martinique a pubhie les toux annuels moyens d'évolution de P'incidence du
cancer de la prostate. Pour la période 1981 & 2000, ce taux est de 5,65 % et pour la période
de 1983 4 2002 de 5,9 % [3]. En France dite métropolitaine, pour la période entre 1978 et
2000, le tawx a ¢ estimé 4 5,33 %5 [6], dest-d-dire semblable & celui de la Martmigue.

et dans 6 dépariements frangais sont incomeciement rmpportées comme provenant de la base
Globocan du CIRC-OMS pour 'année 2002, En fait, les données présentées pour la France
métropolitnine comespondent & I"anndée 2000 7] alors que celles des 6 dépantements cités
proviennent du réseau Francim et comespondent 4 "annde 1997 [8]

Dans le @mbleau 11, les auteurs classent incorrectement Ualdrine et la dieldnne Ces
pesticides sont classés par le CIRC-OMS en catégorie 3 (inclussable quamt 4 sa
cancérogénicisd ponr [homme) et non pas en catégorie 2B (Nagemr esr peur-fire
cancéragéne pour [Thommme [9]

Parmi les pesticides cités sur le tableau I, aucune référence ne soutient que le chlordane ou
le mirex (employé dans le passé en Guadeloupe pour lutter contre la fourme — manioc) a1 &té
employé ou préconisé dans ba culture bananiére aux Antilles. En 'absence de références,
Iexactrude de nombreuses autres données ne peut étre vénfide. Certaines informations sont
citées comme étant « donndes afficielles non disponibles » (voir publication en anglas). De
quelle maniére les auteurs ont eu accés 4 des imformations non disponibles 7

Sous Je titre de « subsiances cancdrogénes, nutagénes on reproforignes », le tableay 1
regroupe une liste de 9 pesticides. Cette appellanion, qui correspond & une classification des
substances chimiques de |"Union Européenne et dont la demiére mise i jour date du 21 aout
2008, ne classe pas le lindane comme cancérogene, aucun de cés 9 pesticsdes comme
mutageéne et seulement le mirex comme reprotoxique [10],

Les auteurs présentent des données relatives @ la contamination par des pesticides de
prélévements de graisse obtenus en 1972 cher des sujets martiniquans, sans citer dans Iy

2
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publication ni la référence de 'article ongmal paru en 1973 dans une revue & comité de
lecture ni les auteurs [11) Sewle est citde comme référence une thése d'exercice en
médecine de 1973, incorrectement référencée comme une thése de type PhD, et dont
I"auteur apparait étre également co-auteur de la publicabion.

Le tableau 11l rapporte les valeurs moyennes et les valeurs extrémes de plusicurs pesticides
mesurées dans I"éude de 1973 ci-dessus mentionné. Cependant, comme cela est vénfiable
aisément sur l"armicle onginal [11] et dans la thése en médecine citde, les auteurs omettent
de préciser que les donndes présentées sur le tableau Il ne comespondent qu’aux
prélévements chez lesquels les pesticsdes ont pu étre détectés. Cette maniére de procéder
fait I'impasse sur le pourcentage des prélévements de graisse od les pesticides n'ont pas éé
détectés. A 1"exception du DDE, un métabolite du DDT, et du B-HCH présents dans 100 %
et 94 % des 34 cas analysés, les autres pesticides n"étalent détectés que dans 76 % des cas
pour le DDT, 38 % pour le a-HCH, 335 % pour le v-HCH, 6 % pour la dieldnne et 3 % pour
I'aldrine.

Les auteurs affirment que les concentrations de ces différents pesticsdes dans les grasses
sont « extrémement élevées » (voir publication en anglais) sans autre précision. Ils omettent
de mentionner les donndes internationales, incluant la France métropolitnine, figurant sur
les tableaux 5 et 6 de la publication originale ainsi que sur be tableau 14 de la thése en
médicine (pourtant bien cité par les auteurs).

nberpretaticon B na 5

CE JECUTS C5E CTTOMCE

La premitre représente la distribution spatiale des sols pollués par le chlordécone,
coincidant avec la distribution des plantatons, anciennes ou actuelles, de la banane. Cette
cante esf issue du BRGM indique clairement que la majeur partie des sols pollués par le
chlordécone sont situés au nord de 1'ile (précisément dans fa région nord Atlantique) et
dans une moindre mesure dans une dorsale orientée nord-opest / sud-est.

Line seconde carte, issue du regisire des cancers de la Martinique, représente 1a distnbution
spatiale, sur la base d'un découpage sirictement administratif, des mppons d'incidences
standardisés du cancer de la prostate. Cette carte montre, sans ambigaité, que la région
sifuée au sud-est de |'fle se carctérise par un excés de risque significatif de survenue de la
maladie

Une wowsiéme carte, dont on ignore la référence, représente le réseau des caux de
distribution des eaux de consommation avec les zones de captage en caux de surface ou en
eaux profondes. 11 n'est pas indique dans cette carte, ni clairement dans le texte, quels sont
les captages qui aurzient éé pollués ainsi que leurs niveaux de pollution. 11 en résulte, pour
le moins, une certame imprécision sur les régions qui auraient été almentées par des eaux
de consommation polluées. Quoi qu'il en soit, les auteurs en concluent que [ région située
sy sud-puest (voir publication en anglais) serait celle qui aurait éé la plus contaminée par
les eaux polludes provenant du nord de I'ile.

ngUEs ¢



-200 -

Ce qui est surprenant, et incohérent, est que les auteurs articulent leur discussion sur le fant
qu’il existerait une comélation dans la région sud-ouest entre ln contamination historigue
par des eaux polludes et I'excés de rsque de survenue du cancer de la prostate, alors qu'ils
montrent eux-mémes que cet excés de risque de développer ln maladie est présent dans la
région sud-est ef non pas sud-ovest | Cela ne semble pas étre une coquille typographique
car répétée a de nombreuses reprises tout ke long de ln publication.

D'autres éléments dans be texte, v compns [a discussion, mériteraient également des
éclaircissements. Cependant, cela devient mnutile dans ln mesure ol un grand nombre d'éléments
factuels, justifiant |"hypothése soulevée par les auteurs, s'avérent inexacts et les interprétations
qu'ils en font pour le moins illogiques.
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