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PRESENTACIO

La present tesi doctoral esta estructurada seguint les directrius de la normativa per a la
presentacié de tesis doctorals com un compendi de publicacions, aprovada per la

Comissio de Doctorat de la Facultat de Medicina el 28 de marg del 2014.

Els estudis inclosos en aquesta tesi doctoral pertanyen a una mateixa linia
d’investigacio. Els resultats obtinguts gracies a aquests estudis han aportat informacio
rellevant i innovadora sobre el tema i han estat recollits en 3 articles originals, publicats

en diverses revistes d’amplia difusié internacional.
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ABREVIATURES UTILITZADES EN AQUESTA TESI DOCTORAL

AMP: Adenosine Monophosphate

ASRM: American Society of Reproductive Medicine
CD: Cluster of Differentiation

CK: Cytokeratine

DIU: Dispositiu Intrauteri

EAPP: Endometriotic Associted Pelvic Pain

EO: Endometriosi Ovarica

EP: Endometriosi Profunda

ESP: Endometriosi Superficial Peritoneal

GnRH: Gonadotropin Releasing Hormone

IC: Interval de Confianca

IL: Interleucina

LP: Liquid Peritoneal

mAb: Mouse Monoclonal Antibody

NK: Natural Killer

OR: Odds Ratio

RANTES: Regulated upon Activation Normal T cell Expressed and Secreted
RMN: Ressonancia Magnetica Nuclear

TNFalfa: Tumor Necrosis Factor alfa

VEGF: Vascular Endothelial Growth Factor
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1. INTRODUCCIO GENERAL, PLANTEJAMENT DEL PROBLEMA |

JUSTIFICACIO DE LA TESI

1.1.  INTRODUCCIO A LA MALALTIA

L’endometriosi és una malaltia cronica estrogen-dependent caracteritzada per la
presencia de teixit endometrial fora de la cavitat uterina, que afecta principalment els
organs pelvics, perd també a altres organs a distancia. Trobem tres formes diferents de
presentacid de la malaltia: endometriosi superficial peritoneal (ESP), endometriosi
ovarica (EO) i endometriosi profunda (EP). L'EP és el tipus d’endometriosi que sol tenir
una presentacié més agressiva, de manera que penetra més de 5 mm sota la superficie
peritoneal. Es tracta d’'una malaltia que sovint és multifocal i que afecta principalment la
zona posterior de la cavitat abdominal i, amb freqgteéncia, involucra els Iligaments
uterosacres i la zona retrouterina, aixi com la paret vaginal posterior i la paret rectal
anterior. A més, la bufeta i el sistema urinari, entre altres organs, també es poden veure
afectats (1,2). L'adenomiosi es defineix per la preséncia de glandules endometrials i
estroma dins el miometri. Alguns la consideren una entitat diferent a I'endometriosi,
pero en general s’accepta que comparteixen alguns simptomes i mecanismes

patogenics i es presenten molt freqlientment de forma associada (3).

L’endometriosi és una malaltia ginecologica molt freqlent que afecta entre el 10-20%
de les dones en edat reproductiva (4). S'estima que es ddna en el 26-39% de pacients
esterils primaries, del 4-65% en les dones amb algies pelviques croniques, del 7-32% en

les pacients que consulten per dismenorrea i del 10-35% en pacients amb quists d'ovari
10
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(5). Per tant cal destacar la importancia sociosanitaria que té, atés que molt
freqlentment interfereix en la qualitat de vida de les pacients per la dismenorrea, dolor
pelvic cronic, dispareunia i fracas reproductiu que la malaltia ocasiona, com a

manifestacions cliniques més habituals.

Tot i la seva prevalenga, |'etiopatogenia de la malaltia segueix sent poc clara. S"han
suggerit diferents hipotesis sobre el desenvolupament de I'endometriosi, sent la teoria
de la menstruacid retrograda, descrita per Sampson en 1927, la més acceptada.
Aquesta teoria proposa la disseminacié de les cel-lules endometrials a la cavitat

peritoneal com un causa principal d’aparicié de la malaltia (6).

El diagnostic de la malaltia resulta dificil per la gran variabilitat de presentacid dels
simptomes, cosa que en ocasions representa un retard d'anys entre l'inici d'aquests i el
diagnostic. Tot i que el diagnostic histologic és considerat el diagnostic definitiu, els
actuals avencos en les tecniques diagnostiques ha permes que amb I'Us de I'ecografia
transvaginal i de la ressonancia magneética nuclear (RMN) sigui suficient per dur a terme

la deteccié de la malaltia en la practica clinica (7,8).

Com que el ventall terapéutic medic disponible és limitat, rares vegades és un
tractament definitiu, i els farmacs utilitzats es basen en tractaments hormonals que
alteren el cicle ovaric interferint en la fertilitat, la cirurgia amb I'excisié dels implants
endometrials és en molts casos el tractament a realitzar en pacients amb EP, tot i que
guan la cirurgia conserva la funcié ovarica, la recidiva de la malaltia és freqtent (9). La
cirurgia radical que inclou I'extirpacié de tots els focus d’endometriosi juntament amb

I"exéresi dels ovaris, representaria el tractament definitiu, motiu pel qual es considera

11
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una malaltia altament frustrant per a la dona en edat reproductiva. A més, la malaltia té
importants repercussions en la qualitat de vida familiar, social i professional de la
pacient, i juntament amb el retard en el diagnostic de la mateixa, ha portat a la creacio
d’associacions de dones afectades per endometriosi, tant a nivell mundial com a nivell

espanyol, per donar suport a les pacients i als seus familiars.

Per tot aixo, el diagnostic de la malaltia i la seva extensio prequirdrgica, juntament amb la
investigacid de noves linies de tractament que permetin preservar la fertilitat i evitar la

cirurgia, representen actualment els dos reptes més importants de 'estudi de la malaltia.

1.2.  ETIOPATOGENIA

Encara que la relacié de I'endometriosi amb |'activitat hormonal ovarica de la dona és

ampliament coneguda, I'etiologia i la patogénesi de la malaltia és encara controvertida.

Durant el segle passat es van desenvolupar diverses teories sobre aquest tema. La més
acceptada és la teoria de la menstruacié retrograda amb la subseglient implantacio de
les cel-lules endometrials en la cavitat pelviana. Diferents tipus d'evidencia donen
suport a aquesta teoria, com el fet que en el 90% de les dones amb trompes
permeables es pot trobar sang en el liquid peritoneal quan es fa una laparoscopia
durant la menstruacié o com el fet que les cél-lules endometrials que arriben a la cavitat
peritoneal mantenen la seva viabilitat i capacitat d’implantacié (10). No obstant aixo,
altres defensen com a causa més probable I'origen in situ de I'endometriosi a partir de
canvis metaplasics de I'epiteli peritoneal o de |'epiteli germinal ovaric o a partir de la

diferenciacié de restes embrionaries, bé per estimuls hormonals o per estimuls quimics

12



Nous marcadors clinics i tractament immunologic de I'endometriosi

derivats de cel-lules endometrials degenerades o fins i tot per factors toxics ambientals

(112).

Independentment de l'origen metaplasic o implantatori de les cel-lules endometrials
ectopiques, hi ha un interes creixent a coneixer els factors afavoridors de l'inici i del
desenvolupament de la malaltia, ja que entre el 10 i 20% de les dones la pateixen (4).
Multiples factors (genetics, ambientals, inflamatoris i immunologics) han estat

assenyalats com elements que predisposen algunes dones a patir endometriosi.

Dins d'aquests factors inductors o moduladors destaquen els factors immunologics, que
han estat motiu d'estudi en els Ultims anys ja que juguen un paper essencial tant en
I'etiopatogenia de l'endometriosi en si mateixa, com en l'esterilitat associada que
comporta, fins al punt que alguns autors consideren I'endometriosi com una veritable
malaltia de caracter immunologic i plantegen tractaments especifics amb
immunomoduladors i moduladors de la inflamacid (12-14). Per altra banda, el fet que
existeixin estudis que demostren una alta concordanca d’autoimmunitat (lupus
eritematds sistémic, artritis reumatoide, sindrome de Sjogren, malaltia tiroidal
autoimmune) i malaltia atopica (al-lergies, asma i €czema) en dones afectades, dona
suport a la idea de l'existencia d’un sistema immune fonamentalment alterat en

aquestes pacients (15).

1.3.  ASPECTES INMUNOLOGICS DE L'EP

En condicions normals, el teixit endometrial que arriba a la cavitat peritoneal per reflux

s'elimina pel sistema immune i, per tant, la desregulacid d'aquest mecanisme

13
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d'eliminacié ha estat relacionada amb la predisposicid a la implantacié i el creixement

de les cel-lules endometrials ectopiques (10).

Entre els diferents fenotips de presentacié que té I'endometriosi (ESP, EO i EP), el
mecanisme patogenic agressiu de I'EP es diferencia dels mecanismes de I'ESP i 'EO per
presentar una destacada disminucié de l'apoptosi i un augment en [Iactivitat
proliferativa, aspectes que advoquen per I'existéncia d’una entitat patogenica especifica

independent, més agressiva (16).

L'EP es desenvolupa a través d'un procés d'inflamacid pelvica que implica cél-lules
relacionades amb el sistema immune i els seus productes de secrecid (citocines) que
presenten una funcio alterada dins de la cavitat peritoneal. La resposta inflamatoria, la
reparacio del teixit inflamatori i la neovascularitzacié depenen de les cél-lules i citocines
del liquid peritoneal (LP). Per tant, una alteracié en la seva funcié pot induir aberracions

immunologiques i afavorir la implantacié de les cel-lules (17).

Dins de les ceél-lules immunes implicades destaquen els macrofags, per ser les cél-lules
més representatives dintre del LP, perd també es veuen afectats els mastocits, les
cél-lules Natural Killer (NK) i els limfocits B i T. De la mateixa forma, les proteines
(citocines o interleucines (IL)) IL-1beta, IL-2, IL-6, IL-10, TNFalfa (Tumor Necrosis Factor
alfa) i RANTES (Regulated upon Activation Normal T cell Expressed and Secreted), han
estat implicades en la patogénesi de la malaltia i es troben elevades en el LP. Finalment,
I'establiment del subministrament de sang és essencial per a la supervivencia de

'endometri i s’ha observat un augment de la densitat dels microvasos en el teixit

14
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endometrial amb potencial proliferatiu, aixi com alts nivells de VEGF (Vascular

Endothelial Growth Factor) en el LP de pacients amb endometriosi (17,18).

Tot i que la funcio de tots aquests factors ha estat analitzada en molts estudis previs,
existeixen encara alguns resultats controvertits i, per tant, son fonamentals més estudis
que expliquin el paper essencial de la immunitat i les citocines en el desenvolupament de
la malaltia, que ajudaran a millorar la comprensié de la mateixa i permetran avangar en

la recerca de noves terdapies immunologiques per a I'endometriosi.

1.4. DIAGNOSTIC

Encara que el diagnostic definitiu ve donat per la confirmacid histologica de la malaltia,
disposem d’altres meétodes que ens permeten tenir una alta sospita diagnostica. Aixi
com l'avaluacié de I'EO resulta facilment assequible a través de I'ecografia transvaginal,
la deteccio d’EP és més dificultosa i requereix de I'ecografia transvaginal realitzada per
un ecografista expert en deteccié d'EP com a primera linia i de vegades la posterior
RMN (7,8). No obstant aix0, aquesta ultima és una técnica cara i es necessiten radiolegs
experts i amb determinades habilitats per a la correcta interpretacié de les imatges.
Malgrat tot, I’Us de I'ecografia transvaginal en |'actualitat és molt Gtil i amb una curta
corba d’aprenentatge (19, 20) per a la deteccié de lesions d’EP, de manera que es
converteix, aixi, en la prova d’eleccié pel fet de presentar avantatges tant economiques

com técniques.

Cal destacar que l'avaluacio prequirldrgica és fonamental per a la planificacié correcta

de la cirurgia. Aixi doncs, el fet que I'avaluacié preoperatoria pugui resultar dificultosa i

15
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requereixi una formacio especifica, implica que no és infreqient trobar de forma
inesperada EP intraoperatoriament en pacients programades per dur a terme una
cirurgia d’EO, la qual cosa incrementa els riscos de la pacient i genera cirurgies
incompletes i innecessaries (21, 22). Aquest increment en els riscos quirdrgic ve donat
pel fet d’haver de realitzar tecniques quirdrgiques no planificades, sense informar a la
pacient d"aquests riscos, a banda que la cirurgia de I'EP per si sola és més complexa que
la cirurgia en altres tipus d’endometriosi i sovint requereix un enfocament
multidisciplinari per les diverses localitzacions que pot presentar. Per tant, és necessaria
una estadificacid prévia a la cirurgia, que possibiliti esbrinar la total extensid de la
malaltia i permeti alhora planificar una cirurgia adient individualitzada per a cada

pacient.

Cal tenir en compte que el fet de no treure tot el teixit endometrial durant el
procediment quirdrgic pot ser la causa de la persistéencia de la malaltia i de la
persistéencia o reaparicido dels simptomes a curt termini (22). També implicara la
necessitat de dur a terme cirurgies repetides en casos de subestimacié de |'extensio de
la malaltia. A més, s’ha demostrat que el propi mecanisme de trauma sobre la superficie
peritoneal durant la cirurgia i les adhesions que es formen postoperatdriament son
factors afavoridors de la proliferacié i la invasidé i, per tant, predisposants d’EP (23), fet
gue accentuara encara més la presencia de la malaltia en aquelles pacients sotmeses a

intervencions successives.

D’aqui sorgeix la importancia de millorar el diagnostic de I'EP prequirurgicament, de

forma que es pugui planificar la cirurgia adequada o, el que és més important, detectar

16
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quan és necessari derivar la pacient a un centre de referéncia, atés que és altament
recomanable dur a terme aquest tipus de cirurgia en centres amb alta experiéncia i amb

equips multidisciplinaris (21).

A banda de les técniques d'imatge diagnostiques de qué es disposa, s’han desenvolupat
préviament en la literatura multiples intents no invasius de prediccié d’EP. Alguns
autors han suggerit que diverses circumstancies que es presenten durant I'adolescencia
poden predir-la (24, 25). A més, la preséncia de certes interleucines s'ha associat amb
una major gravetat de la malaltia (24-28). Recentment, el dolor pélvic sever
preoperatori s'ha associat amb EP en les dones que presenten EO (29). A més, Chapron
et al. (30) i Lafay Pillet et al. (31) van crear models basats en I'anamnesi especifica del
dolor dissenyats especificament per identificar EP posterior. Tot i aixi, la sospita i el
diagnostic prequirdrgic de la malaltia continua sent suboptim i estudis recents han
suggerit la necessitat de desenvolupar millors eines de diagnostic per predir I'EP (32).
D’aqui sorgeix I'interés de crear un nou model de prediccio que sigui senzill i de facil

aplicabilitat.

De la mateixa forma, s’ha intentat en multiples estudis previs, predir I'extensié i la
localitzacié de la malaltia per poder enfocar les proves diagnostiques a realitzar de
forma dirigida segons la sospita i planificar una cirurgia adient en cada cas. Alguns
estudis han trobat una associacio significativa entre el tipus de dolor i una localitzacié
anatomica especifica de les lesions endometrials (33-35). No obstant aixd, aquests
estudis han reportat resultats no concloents, per diverses raons. En primer lloc, tot i

qgue la relacio entre el dolor i I'endometriosi s'ha descrit moltes vegades, no existeix

17
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consens en la definicié del dolor pelvic cronic. La definicié amplia inclou dismenorrea
severa, dispareunia profunda, i altres simptomes dolorosos de la pelvis (34). Igualment,
no existeix un metode estandard per a la classificacio dels simptomes de dolor i aquests
poden estar presents també en altres patologies. Com a resultat, els metges podrien
confondre els signes i simptomes amb altres afeccions freqlients ginecologiques o no
ginecolodgiques, com per exemple I'adenomiosi, que es caracteritza per la invasio de les
glandules endometrials i I'estroma al miometri (36) i sovint també representa un
diagnostic dificil (37). Per altra banda, la majoria d'aquests estudis van utilitzar la
classificacio de I'endometriosi de la American Society of Reproductive Medicine (ASRM)
revisada, que tot i ser la classificacid actual de referencia, no té en compte la
participacié de les estructures retroperitoneals afectades per I'EP, ni 'adenomiosi (38).
L’us d’una eina de classificacio d’endometriosi més acurada, que tingui en compte tant la
participacio de les estructures retroperitoneals i de I'adenomiosi, és necessaria per poder
crear proves diagnostiques i de sospita universals. En aguest sentit, la classificacid Enzian
(Imatge 1) compleix aquests requeriments ja que divideix |'area pélvica en tres
compartiments d'acord amb les estructures retroperitoneals. El compartiment A conté
I'enva rectovaginal i la vagina; el compartiment B s'estén des dels Iligaments
sacrouterins a la paret pelvica, i el compartiment C conté el recte i el colon sigmoide. Els
casos d'invasio profunda d'organs (afectacid de la bufeta o uréter, malaltia intestinal
cranial a la unié recte-sigmoidal, i altres llocs) i la preséncia d’adenomiosi es classifiquen

com "altres" (39).

En conclusio, I'is d’una definicié de dolor pélvic cronic consensuada i un acord en I'eina de

classificacio del dolor a utilitzar, equivaldria a un llenguatge universal que ajudaria en el
18



diagnostic de la malaltia i en els avencgos en la recerca al

general.

Imatge 1. Classificacidé Enzian

Nous marcadors clinics i tractament immunologic de I'endometriosi

voltant de I'’endometriosi, en

COMPARTIMENT
A B/BB* C
Septe rectovaginal i Lligaments sacrouterins i paret Recte i Colon ALTRES
vagina pelvica sigmoide
GRAU 1
<lcm
Bufeta

2 Ureter
=2 GRAU 2
G

1-3cm ,

S | Intesti cranial a la
unié recte-
sigmoidal

GRAU 3 _ "
Altres llocs
>3 cm
BB*=Bilateral
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Imatge adaptada de Haas D, Chvatal R, Habelsberger A, Schimetta W, Wayand W, Shamiyeh A, Oppelt P.
Preoperative planning of surgery for deeply infiltrating endometriosis using the ENZIAN classification. Eur J

Obstet Gynecol Reprod Biol. 2013;166(1):99—-103.

1.5. TRACTAMENT

Les opcions terapéutiques actuals es basen en la cirurgia i els tractaments hormonals
supressors de l'ovulacid, que conseqlientment impedeix la gestacid. Com s’ha comentat
anteriorment, la cirurgia radical amb extirpacio dels ovaris representaria el tractament
definitiu, perd implicaria la impossibilitat de gestacid en aquestes pacients. Les terapies
no quirdrgiques poden resultar no satisfactories en algunes pacients, perqué es centren
en el tractament dels simptomes en comptes d’interferir en les causes de la malaltia, el
seu efecte és reversible i, a més, I'Us a llarg termini d’algunes d'aquestes terapies esta
condicionat pels freqlents efectes secundaris que ocasionen (9). Malgrat aixo, el
tractament medic de I'endometriosi, a banda dels analgésics, és efectiu en el
tractament del dolor i en la prevencié de recurrencies després de la cirurgia. En aquest
sentit, els anticonceptius orals administrats de forma continuada, es consideren un
tractament valid i son els més freqlientment utilitzats, ates que provoguen pocs efectes
secundaris i juntament amb alguns progestagens i el DIU (Dispositiu Intrauteri)
alliberador de levonorgestrel, constitueixen les primeres linies de tractament. Altres
progestagens, que poden causar patrons de sagnat irregular, o els analegs de la GnRH
(Gonadotropin Releasing Hormone) que produeixen fogots, mals de cap, sequedat
vaginal i pérdua de la densitat mineral dssia amb el seu Us prolongat, son terapies que

es reserven per a segones i terceres linies de tractament. A més, cap d’aquests
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tractaments és compatible amb el desig gestacional. Tanmateix, no existeixen
actualment tractaments aprovats que millorin la fertilitat en aquelles pacients que
pateixen una infertilitat associada a I'endometriosi (40). Per tant, hi ha una clara
necessitat de desenvolupar noves alternatives terapéutiques per proporcionar solucions
especifiques més eficaces per eliminar les lesions d’endometriosi, prevenir les recurréncies

i no interferir amb la fertilitat de les pacients (41).

Amb aquests objectius, i donades les alteracions immunitaries presents a la malaltia
comentades anteriorment, es planteja en l'actualitat la recerca de terapies d'indole
immunologica que inclourien antiTNFalfa, interferd 2 beta recombinant i antagonistes
dels receptors dels leucotriens, entre d’altres. Aquests nous farmacs a desenvolupar
oferirien una opcid potencial per combatre aquesta malaltia i alleujar el dolor i la

infertilitat sense inhibir la ovulacio (42).

En aquest sentit, la pentoxifil-lina s'assenyala en la literatura com un farmac de
potencial utilitat en base a estudis tant experimentals com clinics encara molt limitats
pero esperancadors. El seu mecanisme molecular d'accid principal compren la
inactivacié de fosfodiesterases i també és capac de reduir la produccid i I'accié de
citocines com ara el TNFalfa a través de l'elevacié dels nivells d'AMP (Adenosine
Monophosphate) ciclic intracel-lular. Es tracta d'un farmac antioxidant i
immunomodulador que no altera el cicle ovaric i permet la possibilitat d'embaras en les
pacients tractades. S'ha utilitzat durant molts anys per modificar la viscositat de la sang i
millorar el lliurament d'oxigen tissular en la malaltia cerebrovascular i vascular periférica

aixi com en altres condicions amb microcirculacio defectuosa. També s'ha demostrat
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gue millora la motilitat de I'esperma i augmenta la taxa d’exit de la fecundacio in vitro

en infertilitats causades per factors masculins (42).

La pentoxifil-lina és un farmac economic, amb absorcié rapida i practicament completa
per via oral. Els efectes adversos que presenta solen estar associats amb I'Us a altes
dosis; els més freqlents sén fogots i trastorns gastrointestinals (opressid gastrica,
nausees, vomits, diarrees, sensacid de plenitud). Altres efectes secundaris com
trastorns cardiacs (aritmies), afectacions del sistema nervids (vertigen, cefalees,
agitacio, alteracié de la son) i de la pell (prurit, eritema, urticaria) apareixen només de

forma ocasional (43). La incidéncia d’efectes adversos reportada és del 3,1% (44).

De forma més especifica, la pentoxifil-lina altera el sistema immunitari mitjangant la
inhibicié de la fagocitosis i la generacié d’espécies reactives de l'oxigen i enzims
proteolitics pels macrofags i granulocits in vitro i in vivo, la inhibicié de la produccié del
factor de necrosi tumoral in vitro, i la reduccié de l'accié inflamatoria de TNF i la
interleucina-1 en els granuldcits in vitro (45). Aquests efectes no estan directament
relacionats amb els limfocits T que sén les cellules deficients en ratolins
immunodeprimits. La majoria de les citocines sén secretades localment per altres
cél-lules com ara monocits, macrofags, cél-lules endotelials i fibroblasts. Per tant, I'Us
d'un model de ratolins immunodeprimits és factible per estudiar l'efecte de la

pentoxifil-lina sobre I'endometriosi.

Com a conclusio, existeixen diversos arguments afavoridors per considerar I'is de la

pentoxifil-lina en la recerca basica del tractament de I'endometriosi.
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1.6. MODELS ANIMALS EN ENDOMETRIOSI

La manca de tractaments actuals adequats respon, almenys parcialment, a les
limitacions que presenta la investigacid de la malaltia en humans. Aixi, algunes de les
limitacions que presenten els estudis en endometriosi inclouen diferents aspectes étics,
la impossibilitat de monitoratge de la progressid de la malaltia que requeriria
laparoscopies repetides i la dificultat de quantificar |'efecte dels farmacs sobre la mida

de les lesions.

L'experimentacid animal és una bona alternativa que permetria evitar aquestes
restriccions. No obstant aixo, I'aparicié de la malaltia de forma espontania es presenta
sols en humans o en alguns primats superiors, ja que requereix la preséencia de cicle
menstrual retrograd, perd I'Us d'aquests Ultims com a model animal també planteja
limitacions etiques i esta associada a grans costos. Per aquest motiu s'han establert
models d'endometriosi validats en animals petits de laboratori, com el ratoli, mitjancant
I'implant de teixit endometrial a localitzacions ectopiques. Aquests estudis es poden
classificar en dos tipus depenent de l'origen de I'endometri trasplantat: homolegs, si
s'implanta endometri de ratoli en un ratoli receptor immunocompetent, o heterolegs, si
s'implanta endometri huma en un ratoli receptor immunosuprimit per evitar el rebuig.
Aquest Ultim model té I'avantatge d'evitar les possibles diferéncies fisiologiques
existents amb l'endometri de ratoli que podrien emmascarar els resultats i impedir la
seva aplicabilitat posterior. El model animal basat en el ratoli, a més de I'avantatge de
ser de baix cost, permet treballar sobre animals genéticament similars,

I'estandarditzacio de les condicions experimentals i la realitzacié de diferents analisis de
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forma senzilla, aixi com l'obtencié de material histologic per al seu estudi posterior
(41,46). El fet que es tracti de ratolins immunodeprimits és basic per evitar el rebuig si
volem utilitzar teixit huma, com hem comentat anteriorment, i agquest s’ha convertit en
un meétode estandarditzat d’estudi de la malaltia en animals, tal i com s’ha reflectit en

els estudis previs realitzats per altres investigadors (47-49).

1.7.  US DE LA PENTOXIFIL-LINA COM A TRACTAMENT DE L'ENDOMETRIOSI EN

MODELS ANIMALS

L'eficacia de la pentoxifil-lina per al tractament de la infertilitat associada a
I'endometriosi s'ha demostrat in vivo (50, 51) i alguns assaigs clinics aleatoritzats en
humans han avaluat I'eficacia de la pentoxifil-lina com a tractament postquirdrgic o com
a agent de millora de la fertilitat en les dones amb endometriosi (45, 52-55). No obstant
aix0, encara s'esta avaluant la capacitat d'aguest medicament per reduir el creixement

d'implants d’endometriosi en estudis animals.

En un estudi dut a terme en rates femella amb endometriosi induida quirdrgicament,
I'Us de la pentoxifil-lina va demostrar ser un éxit en la induccié de la regressio de teixit
endometrial sense induir un estat hipoestrogéenic (56). Resultats similars es van resumir
en un estudi més recent, el qual va demostrar que el tractament de 21 dies de les rates
femelles amb pentoxifil-lina produia reduccions en el volum mitja i el nombre d'implants
d’endometriosi (57). Aquests dos estudis van usar models animals homolegs en els
quals es van implantar fragments autolegs de teixit endometrial, i en tots dos estudis es

va administrar pentoxifil-lina a través d'injeccions subcutanies. Per tant, I'is de la
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pentoxifil-lina en un model heteroleg de ratoli, administrant el farmac per via oral i amb
dosis equivalents a les utilitzades en humans (obtingudes mitjancant una férmula de
conversid), suposaria una novetat respecte als estudis previs, evitaria possibles
diferencies fisiologiques entre animals i humans, alhora que augmentaria el seu
potencial d’aplicabilitat posterior. Tot i utilitzar ratolins immunodeprimits amb aplasia
congenita del timus, i que presenten per tant un sistema de limfocits T deficients, la
majoria de les citocines es poden secretar localment per altres cél-lules tals com
monocits, macrofags, cél-lules endotelials i fibroblasts i, de fet, son les cél-lules que en
major mesura secreten els productes regulats per la pentoxifil-lina. Aixi doncs, I'Us d'un
model de ratolins immunodeprimits és factible per estudiar |'efecte de la pentoxifil-lina

sobre I'endometriosi.

En base a tot I'esmentat anteriorment, sorgeixen les diferents hipotesis de treball i es
desprenen la intencionalitat i els objectius d’aquesta tesi doctoral, tal i com s’exposen a

continuacio.
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2. HIPOTESIS DE TREBALL

Com hem esmentat préviament, la cirurgia amb I'excisid dels implants endometrials
representa en molts casos I'Unic tractament eficac per a I'EP, perd suposa una cirurgia
extensa i agressiva, amb |'exeresi sovint dels organs reproductors, a banda de no
assegurar la desaparicié completa de la malaltia, que pot reapareixer amb el temps.
Mentre la cirurgia representi el tractament principal de la malaltia, el diagnostic de la
mateixa i la seva extensid prequirdrgica sera un dels pilars més importants en la
investigacio de I'EP. Pel mateix motiu, la recerca futura de noves linies de tractament que
permetin preservar la fertilitat i evitar la cirurgia, representara el segon pilar essencial en
I'estudi de la malaltia. De tot el que s’ha exposat anteriorment, sorgeixen les seglents

hipotesis de treball:

1. Diagnostic:

1.1.  L'EOQ, pero no I'EP, és de facil diagnostic ecografic. L'Anamnesi de la
pacient pot ajudar a sospitar EP en pacients amb EO. Hauria de ser
possible crear models predictius de facil Us a la practica clinica
habitual que permetin diferenciar a les pacients amb EO aillada o
amb EP associada. L'exploracié de diferents variables cliniques
combinades ens haurien de permetre crear un model de prediccié.

1.2.  El dolor és un simptoma-guia que podria permetre |'estadificacié de
I’EP i sospitar la seva localitzacid, aixi com sospitar la preséncia

d’adenomiosi associada.
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2. Tractament: La pentoxifil-lina, un farmac immunomodulador que no altera el
cicle ovaric i per tant no interfereix en la fertilitat, podria ajudar a la reduccioé de
les lesions d’endometriosi aixi com a modular la resposta immunologica i
I"angiogénesi produida en les lesions endometrials en un model heterdleg de

ratolins immunodeprimits.
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3. OBIJECTIUS

D'aqui sorgeix l'interés i la intencionalitat del nostre treball, que inclou investigacio
clinica i investigacié basica, i que té com a objectiu aprofundir en els dos pilars

esmentats anteriorment:

1. Facilitar el diagnostic prequirurgic de I'EP, permetent la sospita de la malaltia

en pacients amb dolor i la sospita de la seva extensid de forma no invasiva, de tal
manera que ens orienti en el grau d’infiltracid i extensié de la malaltia (organs afectats) i
la conseqlient necessitat de derivacid a centres especialitzats on es dugui a terme les
proves d’imatge necessaries per poder programar una cirurgia ad hoc per a cada

pacient. Els objectius especifics d’aquesta investigacié clinica inclouran:

1.1. La creacié d’un model de prediccié d’EP en pacients amb EO.

1.2. L'estudi del dolor en pacients amb EP com a marcador d’extensio de

la malaltia amb la utilitzacié de la classificacio Enzian.

2. Investigar I'ds de la pentoxifil-lina, un farmac immunomodulador que no altera

el cicle ovaric i per tant no interfereix en la fertilitat, com a nova linia de tractament no
quirdrgic sobre l'endometriosi induida en un model animal de ratoli, seguint
I'enfocament actual en el qual es considera 'EP com a malaltia d'indole immunologica.
D’aquesta forma es pretén aprofundir en el coneixement del caracter immunologic de
la malaltia i crear una base racional per al futur tractament en humans. Els objectius

especifics de la investigacid basica seran:
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2.1. Avaluar 'efecte del farmac sobre la mida dels implants endometrials

en ratolins.

2.2. Avaluar el comportament dels marcadors de proliferacio vascular i

els nivells de citocines implicades en la malaltia en el liquid peritoneal dels ratolins.
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4. INVESTIGACIONS REALITZADES, MATERIALS | METODES

La descripcio de les pacients i els animals inclosos en els estudis d’investigacio clinica i
basica, aixi com la metodologia utilitzada en cada cas per aconseguir els objectius
plantejats anteriorment, es troben detalladament exposats a la seccid de “Materials i
Metodes” de cada un dels tres articles que constitueixen el cos doctrinal de la present

tesi doctoral. Els esmentats articles s’adjunten a continuacio.

30



Nous marcadors clinics i tractament immunologic de I'endometriosi

ESTUDI 1

MARKERS OF DEEP INFILTRATING ENDOMETRIOSIS IN PATIENTS WITH OVARIAN

ENDOMETRIOMA: A PREDICTIVE MODEL

Article publicat a European Journal of Obstetrics & Gynecology and Reproductive Biology.

Perello M, Martinez-Zamora MA, Torres X, Munrds J, Llecha S, De Lazzari E, Balasch J,
Carmona F. Markers of deep infiltrating endometriosis in patients with ovarian
endometrioma: a predictive model. Eur J Obstet Gynecol Reprod Biol. 2015 Nov 26. doi:

10.1016/j.ejogrb.2015.11.024. [Epub ahead of print]

El nostre article forma part d'una edicié especial dedicada exclusivament a

Endometriosi.
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Objective: The purpose of the study was to develop an easily applicable predictive model to predict deep
infiltrating endometriosis in patients with ovarian endometrioma.

Study design: We performed a retrospective analysis of 178 consecutive women with ovarian
endometrioma who underwent surgery, with histological confirmation and complete removal of
endometriosis in the Hospital Clinic of Barcelona. Several markers were prospectively obtained and

Kepwords: compared between the group of patients presenting deep infiltrating endometriosis associated with
Endometriosis 7 P 5 % Y 5 SEN 2
Ovatiam endomettioma ovarian endometrioma and women with only ovarian endometrloma.‘ Multl;‘)le logistic regression
Diagnoss analysis was performed to create a model to predict the presence of deep infiltrating endometriosis and
Prediction model internal validation was later performed.

EAPP score Resuits: Of the 178 patients studied, 80 (45%) were classified in the ovarian endometrioma group and 98
(55%) in the group of patients presenting deep infiltrating endometriosis associated with ovarian
endometrioma. The independent variables to predict deep infiltrating endometriosis were: at least one
previous pregnancy, a past history of surgery for endometriosis and the mean endometriosis-associated
pelvic pain score. The area under the ROC curve was 0.91 (95% confidence interval: 0.86-0.94), with an
optimal cut-off of the predicted probability of 0.54. The sensitivity of the model was 80% and the
specificity 84%.

Conclusions: This model predicts the development of deep infiltrating endometriosis in patients with
ovarian endometriomas allowing prioritization of women for referral to specialized centers.
® 2015 Elsevier Ireland Ltd. All rights reserved.
[ntroduction frequently involves the uterosacral ligaments and the torus

uterinus, as well as the posterior vaginal and anterior rectal walls.

Endometriosis is a chronic disease characterized by the
presence of endometrial tissue outside the uterine cavity, causing
pain and reproductive failure [1].

The two most important manifestations of endometriosis are
ovarian endometrioma (OE} and deep infiltrating endometriosis
(DIE), being OE the most common (17-44% of patients with
endometriosis) [2]. DIE has the most aggressive presentation,
penetrating to more than 5 mm under the peritoneal surface. Itisa
multifocal disease primarily affecting the posterior area, and
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Furthermore, the bladder and urinary system may also be affected
[3.4].

Surgery in DIE is usually more complex than in other types of
endometriosis and requires a multidisciplinary approach. Thus,
failure to remove all of the endometriotic tissue may result in
recurrence and persistent symptoms, and thus, referral of patients
with DIE to a center with the necessary expertise is strongly
recommended [5]. However, the preoperative assessment is
complex and therefore it is not rare to find unexpected DIE in
patients with OF undergoing scheduled surgery [6,7]. The presence
of DIE significantly increases the difficulty of the procedure,
thereby making preoperative suspicion of DIE in patients with OE
very important to avoid underdiagnosis and undertreatment [8].
DIE associated with OE may be detected by transvaginal
ultrasound as a first-line approach but also by transrectal

Please cite this article in press as: Perelld M, et al. Markers of deep infiltrating endometriosis in patients with ovarian endometrioma: a
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ultrasound and magnetic resonance imaging (MRI} [9,10]. Howev-
er, this is an expensive technique, and skilled radiologists are
needed.

Some authors have suggested that several circumstances
presented during adolescence may predict DIE [11,12]. Addition-
ally, the presence of certain interleukins has been associated with
higher severity of the disease [13-15]. Recently, preoperatively
assessed severe pelvic pain has been associated with DIE in women
presenting OE [16]. Nevertheless, despite previous attempts to
develop noninvasive predictive models [17,18], the presurgical
diagnosis of DIE remains suboptimal. Indeed, Chapron et al. [19]
and Lafay Pillet et al. [20] created a standardized questionnaire
specifically designed to identify posterior DIE. However, recent
reports have suggested the need to develop better diagnostic tools
for predicting DIE [21]. Therefore, the aim of the present study was
to evaluate the predictive value of a novel equation developed with
three easily obtainable markers in order to identify among patients
diagnosed with OE those with a high risk of associated DIE.

Materials and methods

We assessed a total of 196 consecutive patients undergoing
surgery for complete removal of endometriosis in the Service of
Gynecology of the Hospital Clinic of Barcelona, from January 2011
to December 2013. The indication for surgery was: infertility in 58
patients (33%), pain and infertility in 32 patients (18%}) and isolated
pain in 88 (49%) patients (Fig. 1).

The exclusion criteria were: the impossibility to perform
complete removal of the lesions and lack of histological
confirmation of endometriosis. This study finally included 178
patients.

All the patients underwent an extensive preoperative work-
up fully described elsewhere [9], including clinical examination,
MRI and transvaginal sonography. Surgery was performed by
two experienced surgeons (MAMZ, FC) and all the patients
underwent a complete surgical exploration in order to confirm
or exclude DIE. Based on the results of the surgical exploration,
the women were then distributed into two groups: patients with
isolated OE (OE-only group) and patients with DIE associated
with OF (OE-DIE group), and thereafter a retrospective analysis
was performed. According to the local regulations the Institu-
tional Ethics Committee of our hospital approved this study. All
participants provided written informed consent for data
collection.

Assessed for eligibility:
Consecutive patients
operated
Jan 2011 - Dec 2013
(n=196)

Patients excluded: (n=18)
» No complete removal of the lesions (n=14)
+ No histological confirmation (n=4)

Total recruited:
(n=178)

—,[ Lost to follow up/ incomplete data (n=0) I

Indication for surgery: |

(n=178)
|
v v v
Infertility: Pain and Pain:
58 (33%) infertility: 88 (49%)
32 (18%)

Patients included in the analysis
(n=178)

Fig. 1. Flow chart of the patients included.

The clinical data were prospectively recorded for each patient
from surgical and pathological medical reports, and included the
age at first visit, body mass index {BMI}, previous pregnancies,
pasthistory of surgical treatment for endometriosis and the use of
hormone treatment. Histological confirmation of all endome-
triotic lesions was obtained and a description of the location of the
DIE lesions was recorded. Pain symptoms including dysmenor-
rhea, dyschezia, dyspareunia and pelvic pain were assessed using
a VAS before surgery, regardless of the indication of the surgery
{l.e. pain, infertility), and were also classified by each patient as
the presence or absence of each pain. Women graded their feeling
for each type of pain on a 10-cm line, from 0 “no pain” to 10
“unbearable pain”. The mean VAS value for all previous types of
pain was calculated for each patient and defined as the
endometriosis-associated pelvic pain (EAPP) score. Disease-
related data included the presence or absence of associated
DIE, laterality of OF, multiplicity, size of the OF or sum of the sizes
of OEs in the case of multiplicity. The origin of the patients was
alsorecorded as follows: “out of area” women, in cases of referral
from other gynecological centers because of the severity of the
disease, and “in area” patients attended directly in our depart-
ment as our hospital acts as a primary care center for some
districts of Barcelona.

Descriptive analysis of the qualitative variables was performed
using frequencies and percentages and the quantitative variables
using mean and standard deviation (SD} or median and inter-
quartile range (IQR). Categorical characteristics were compared
between DIE and non-DIE patients using the x? tests, and
quantitative variables were compared using the t-test or the
Wilcoxon rank-sum test.

In order to identify a logistic predictive regression model of
DIE, clinical and statistical judgment led to the assessment of the
following characteristics: age, BMI, clinical examination, previous
pregnancies (yes/no), past history of surgical treatment of
endometriosis (yes/no}), dysmenorrhea (yes/no), dyschezia (ves/
no}, dyspareunia (yesfno}, non cyclic pelvic pain (yesfno} and
mean EAPP, hormone treatment (yes/no), laterality (unilateral/
bilateral), multiplicity (singlefmultiple ) and the sum of the sizes
of OE. The log-likelihood ratio test and the Akaike’s and Schwarz’'s
Bayesian Information Criteria (AIC and SBIC, respectively) were
used to choose among different logistic regression models
allowing the identification of the variables included in the final
multiple model (those with the lowest AICand SBIC value}[22,23].
The goodness-of-fit model was assessed using the Hosmer-
Lemeshow test along with an observed vs. predicted probabilities
graph with a Lowess smoothing curve. The performance of the
model was based on its discrimination ability and calibration. The
area under receiver operating characteristic (AUC) curve was
estimated. Inorder toestimate the optimal cutpoint, twomethods
were used: the Liu method that maximizes the product of the
sensitivity and specificity, and the nearest to (0,1} method that
finds the cutpoint on the ROC curve closest to (0,1). The positive
(LR+} and negative likelihood ratios (LR ) were calculated as a
measure of the extent to which pre-model odds were altered by
the model result [24].

The model was developed of the whole dataset, and its
performance was internally validated choosing the AUC as the
prognostic indicator. By means of the non-parametric bootstrap
technique, the bias-corrected confidence interval (Cl}of the AUCwas
estimated. One thousand bootstrap replications were performed
drawing with replacement samples of 178 patients from the initial
sample, and the final predictive model was plotted using a
nomogram.

To further validate the model, we split the sample into two
groups defined by the origin of the patients and we re-assessed our
model in the “in area” sub-sample.
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Table 1 =3
Clinical characteristics of the overall study sample. -
OE-control QE-DIE p-Value
N=80 N=98 ®
[=]
Age, mean (+5D) 35+6 3445 0.29*
BMI, mean (IQR} 214 (3.8} 222 (5.0y 0.13° =
Previous pregnancies, N (%} 25 (31} 20 (20} 0.10° Zo
Previous endometriosis surgery, N (%} 10 (13} 52 (53} <0.01° @ g
Previous hormone treatment, N (%} 12 (15} 31 (32} 0.01° o
Unilateral endometrioma, N (%} 57 (71} 53 (54} 0.02¢
Single endometrioma, N (%} 52 (65} 43 (44} 0.01° O “
Sum of sizes of OE, median {[QR} 68.5 (38.5} 68.5 (60} 0.82° g
EAPP score, median (IQR} 1.1 (1.2) 3.6 (2.6) <0.01°
Abbreviations: [QR: interquartile range; EAPP, endometriosis associated pelvic pain;
SD, standard deviation. 8 i
EAPP: The score was calculated by the average of the results of the patient self- =) T T T T
0.00 0.25 0.50 0.75 1.00

reported 10-cm VAS for dysmenorrhea, dyschezia, dyspareunia and pelvic pain.
[QR: interquartile range.

* t-Test.

® Wilcoxon Rank Sum test.

€ Chi-squared test.

All tests were two-tailed and the Clwas set at 95%. The analyses
were done using Stata (StataCorp. 2013. Stata: Release 13.
Statistical Software. College Station, TX: StataCorp LP.).

Results

A total of 178 consecutive patients were included in the study,
80 (45.0%) in the OFE-only group and 98 (55.0%} in the OE-DIE
group. The description of the location of the DIE lesions was as
follows: uterosacral ligament involvement in 23 (29%) patients,
vaginal fundus in 16 (20%), broad ligament in 10 {13%), round
ligament in 3 (4%), retrocervical in 25 (31%), retrouterine in 12
(15%), tube in 14 (18%), abdominal wall 8 (10%), bladderin 8 (10%},
ureteral involvement in 12 (15%) and intestinal involvement in 26
(33%); a total of 149 lesions. Table 1 shows the parameters
obtained from the clinical reports of the patients regarding the
characteristics, history and symptoms. Compared to the OE-only
group the patients in the OE-DIE group showed a significantly
higher rate of past history of surgery for endometriosis (53% vs.
13%, respectively; p < 0.01}) and a significantly higher mean EAPP
score (3.6 vs. 1.1, respectively; p< 0.01).

According to the estimation using the adjusted odds ratio (OR},
having previous pregnancies (0.25; 95%Cl: 0.09-0.72; p< 0.01}, a
history of surgical treatment for endometriosis (10.17; 95% CI:
3.62-28.53; p <= 0.01) and a unit increase in the mean EAPP score
(3.49; 95% CI: 2.37-5.15; p < 0.01) were significantly associated
with the presence of DIE. OR was just adjusted for the variables
included in the model.

The equation model to predict the risk of DIE is described in
Fig. 2. The predictive ability of this model was very good (AUC:
0.91; 95% CI: 0.86-0.95; Fig. 3). The optimal cut-offin the predicted
probability was 0.538, with a sensitivity of 80% for the diagnosis of
DIE in OF patients and a specificity of 84%, with 81% being correctly
classified. The pre-model OR of DIE was 1.23 and the LR+ was 4.90,
and thus, the post-model odds ratio was 6.03, providing a post-
model probability of 0.86. The LR was 0.24, and hence the

Risk score ={3.00) + (-1.38 x previous pregnancies) + (2.32 x previous
surgery) + (1.25 x EAPP score)

The predicted risk of DIE = 1/ (1 + exp[ risk score]}

Fig. 2. The equation model to predict the risk of deep infiltrating endometrioma in
the ovarian endometriosis population. EAPP: The score was calculated by the
average of the results of the patient self-reported 10 cn VAS for dysmenorrhea,
dyschezia, dyspareunia and pelvic pain.

1 - Specificity
Area under ROC curve ~ 0.9114

Fig 3. Area under the ROC {AUC} curve of the predictive model.

negative post-model odds ratio was 0.13, with a post-model
probability of 0.12. Additionally, the probability of DIE was easily
interpreted on presentation of the variables in a nomographic chart
{(Fig. 4).

The bootstrap technique based on data reuse resulted in good
reliability for the model, with a lower limit of 0.860 and an upper
limit of 0.942. The subsample for “in area” patients differed from
“out of area” women on presenting a lower history of surgical
treatment for endometriosis; however there were no differences in
the mean EAPP score and previous pregnancies (Table 2}. The final
model was retested in ““in area” patients, and the AUC obtained was
0.91 (95% CI: 0.83-0.96). Table 3 shows the distribution of the
different types of endometriosis depending on the origin of the
patients while Table 4 describes the clinical characteristics of the
patients.

Comment

We have developed an easy model to reliably predict associated
DIE in women with OE with the use of three clinical markers. In this
situation, the practitioner should perform an appropriate preop-
erative imaging evaluation in order to plan the optimal surgical
approach or refer the patient to a specialized center.

Many previous studies have attempted to predict endometri-
osis. Chapron et al. [16] evaluated the intensity of pelvic painin a
population of patients presenting with OF and found a significant
association with deep infiltrating lesions. In another previous
investigation, these authors designed a diagnostic model based on
symptoms and clinical history [19] specifically developed to
predict posterior DIE among women with chronic pelvic pain, with
a sensitivity of 74.5% and a specificity of 68.7%. The prediction of
DIE was also analyzed in another study using an equation
developed with clinical indicators and the plasma CA-125 assay
during the follicular phase [18]. The sensitivity and specificity for
this model were acceptable at 83% and 87%, respectively. However,
the model was limited due to the small sample of women with DIE
{N=13).In a study by Eskenazi et al. [17], the prediction of OE was
accurately achieved by transvaginal ultrasonography, signs and
symptomatology, but only 38% of nonovarian endometriosis was
predicted. In a multicenter study, a model based on menstrual
dyschezia and a history of benign ovarian cysts accurately
predicted stage Il and IV endometriosis (sensitivity of 82.3%
and specificity 75.8% at an optimal cut-off of 0.24) [25].

The methodology to build a diagnostic score of DIE described in
the recent case control study by Lafay Pillet et al. is probably the
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Nomogram

mean EAPPO.OO

1.00 2.00 3.00 4.00 5.00 6.00 7.00 8.00
previous surgery § 4
previous pregnancies b 0
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Score
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Fig 4. Nomogram for predicting deep infiltrating endometriomas in patients with ovarian endometriomas. A nomogram is a graphical representation of a mathematical
formula to predict an endpoint with one or more covariables. Its utility lies in that it maps the predicted probability as points. To obtain the predicted probability of DIE, locate
patient values at each axis corresponding to variables. Dravr a vertical line at the ‘Score’ axis to determine how many points are attributed to each variable value. Sum the
points for all the vadables. Locate the sum on the ‘Total Score’ line to be able to assess the individual probability of DIE upgrading on the ‘PROB’.

Table 2
Parameters of the predictive equation model in the overall study sample
categorized according to “in area” and “out of area” patients.

“Io area” “Out of area” p-Value
N=81 N=57
Previous pregnancies, N (%} 23 (28} 22 (23} 038*
Previous surgery for endometriosis, N (%} 15 (19} 47 (48} <0.01*
EAPP score, median (IQR} 1.8(2.6) 2.8(2.4) 0.078°

Abbreviations: [QR: interquartile range; EAPP, endometriosis associated pelvic pain;
SD, standard deviation.
EAPP: The score was calculated by the average of the results of the patient self-
reported 10-cm VAS for dysmenorrhea, dyschezia, dyspareunia and pelvic pain.
“[n area” patients are those attended directly in our department because our
hospital acts as a primary care center for some districts of Barcelona.
“Outofarea” patients are those referred of referral from other gynecological centers
because of the severity of the disease.

* Chi-squared test.

® Wilcoxon Rank Sum test.

most similar to ours [20]. This was based on a standardized
preoperative questionnaire. In a study including 326 women they
obtained a low sensitivity, albeit with a high specificity (51% and
94%, respectively in patients with scores >35). On comparison with
our study, it is worthy to note the different results concerning

Table 3
Distribution of different types of endometriosis depending on the origin of the
patients.

Type of endometriosis Total
OE-control OE-DIE
N (%} N (%}
Origin “Out of area” N (%} 37 (46} 60 (61} 97 (54)
“In area” N (%) 43 (54) 38 (39} 81 (46}
Total 80 (100} 98 (100} 178 (100}

Abbreviations: DIE, deep infiltrating endometriosis; OE, Ovarian endometrioma.
“[n area” patients are those attended directly in our department because our
hospital acts as a primary care center for some districts of Barcelona.
“Outofarea” patients are those referred of referral from other gynecological centers
because of the severity of the disease.

sensitivity and specificity. Despite having a small sample, with a
cut-off of 0.538 we obtained a sensitivity of 80% and a specificity of
84% for the diagnosis of DIE in OF patients, with 81% of the patients
correctly classified. Nonetheless, strict comparison among differ-
ent studies is difficult due to differences in methodology or in the
variable intended to predict. This cut-off can be used to classify
patients at low or high risk of having DIE, but we leave the decision
as to when to refer the patient to clinical discretion since this may
differ among centers depending on their experience.

Our work also registered results from patient self-evaluation
using a 10-cm VAS for the different types of pain. We used the VAS
for the EAPP score, which integrates in a single variable all types of
paincommonly presented in endometriosis. This tool is easy to use

Table 4
Clinical characteristics of the patients depending on the origin.
“Out of area” “In area” p-Value
N=87 N=81
Age, mean (+SD) 35+6 34+6 0.20°
BMI, mean ([QR} 22 (5} 22 (4} 058"
Previous pregnancies, N (%} 22 (23} 23 (28} 038°
Previous endometriosis surgery, N (%} 47 (49} 15 (19} <0.01°
Previous hormone treatment, N (%} 28 (30} 15 (15} 0.07¢
Unilateral endometrioma, N (%} 57 (589} 53 (65} 036°
Single endometrioma, N (%} 44 (45} 51 (63} 0.02¢
Sum of sizes of OE, median {[QR} 69 (58} 68 (43} 0.65°

EAPP score, median (IQR} 2.8 (24) 18 (26} <0.08"

Abbreviations: BMI, body mass index; DIE, deep infiltrating endometriosis; [QR:
interquartile range; EAPP, endometriosis associated pelvic pain; OE, Ovarian
endometrioma; SD, standard deviation.
EAPP: The score was calculated by the average of the results of the patient self-
reported 10-cm VAS for dysmenorrhea, dyschezia, dyspareunia and pelvic pain.
“In area” patients are those attended directly in our department because our
hospital acts as a primary care center for some districts of Barcelona.
“Qut ofarea” patients are those referred of referral from other gynecological centers
because of the severity of the disease.

* t-Test.

® Wilcoxon Rank Sum test.

€ Chi-squared test.
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and has demonstrated a good correlation with treatment satisfac-
tion, probably because patients can easily describe the overall
amount of pain [26]. We worked with the mean EAPP because we
think that all types of pain should have the same influence on the
final VAS value, and despite the many publications related to this
issue, no consensus has yet been established. The mean EAPP score
often shows low mean scores (as zeros are common in the
calculation), as in our study, despite the presentation of severe
disease as can be deduced by the high rates of bilaterality,
multiplicity and the previous use of hormone therapy. However,
small variations are clinically relevant. Indeed, differences of 10 mm
have recently been defined as the minimal clinically important
difference for EAPP measured in a VAS forendometriosis [26]. On the
other hand, screening between specific types and intensities of pain
may be useful for differentiating endometrial implants inside or
outside the ovary. In the study by Chapron et al. [16], uterosacral
ligament involvement was associated with very severe chronic
pelvic pain and deep dyspareunia while, vaginal involvement was
related to intensive lower urinary tract symptoms and intestinal
endometrioma was associated with increased severity of dysme-
norrhea and gastrointestinal symptoms. Nevertheless, assessing the
location of nonovarian endometrioma was not the objective of the
model in our study, and similar to Chapron et al. [16] we found that
more severely painful OE was significantly associated with a higher
risk of DIE lesions.

Another indicator of DIE involvement was observed in patients
with previous surgery for endometriosis. This is probably a
consequence of an underestimation of the extent of the disease
during the previous intervention, in line with previous reports
[16,19] in addition to the mechanism of trauma to the peritoneal
surfaces and post-operative adhesions from previous surgery,
which may provoke endometriosis prolifereationfinvasion, and
thus, DIE [27]. Interestingly, we found a statistical association with
previous pregnancies (identified as a protective factor) and DIE,
although this has not previously been reported in the literature
[19]. This is consistent with the fact that DIE has traditionally been
associated with infertility and thus, this variable should be
considered in the model from the statistical and clinical point of
view even if it is not significant in univariate analysis. Indeed, this
may occasionally happen but not does necessarily invalidate its
use in the final model. Nonetheless, further studies are needed. We
did not record the percentage of spontaneous or after IVF
pregnancies, but spontaneous pregnancy probably acts as a higher
protective factor.

Our model was found to be effective in identifying DIE in
women with OE as shown by the increase in the odds of DIE from
1.23 (pre-model) to 6.03 (post-model ). Moreover, the performance
of the equation underwent internal cross-validation through a
bootstrapping method, in order to assess the stability of the model
and avoid overfitting of data [28]. We chose to do the boot-
strapping on AUC as it represents the discrimination ability of our
model. Thus, the lower limit of the Cl represents the worst scenario
of discrimination. This was previously performed by Chapron et al.
with the jackknife method, with 70.9% of their sample being
correctly classified [19]. Additionally, predictive models are often
neglected at the time of clinical decision making because of the
difficulty of output calculation. We used a logistic regression
nomogram, a tool which has been widely adopted in biomedical
research and is intended to help clinicians in the daily application
of this model. Furthermore, surgery was always performed by two
experienced surgeons and histological confirmation of the disease
was obtained in all cases.

This study should be considered as a preliminary study and is
probably small from a biometric point of view. Nonetheless, it was
intended to stimulate future larger investigations to address this
issue and provide a greater basis to help clarify the predictive value

of this approach. However, our results need to be confirmed in an
external data set.

On the other hand, the predictive capacity of models developed
in secondary care is usually reduced when extrapolated to a
primary care setting [24] and may be biased by some factors (e.g.
the selection of patients) which may be a weakness in our study.
Therefore, in an effort to add further value to our model, we
reassessed our model in an “in area” subsample and confirmed
good performance for the prediction of DIE.

To conclude, the predictive equation described in this study is
based on three simple, accessible and noninvasive indicators that
may serve to guide practitioners to determine the probability of
patients with OE having DIE associated. The present model showed
good value for predicting DIE and was internally validated with the
bootstrap technique as well as in a data set defined as “in area”
patients. Additionally, the use of the nomogram should facilitate
application by general physicians or less skilled gynecological
centers in their daily practice. Women found to be at high risk may,
however, require more invasive exploration in order to undergo a
one-step surgical approach for complete removal of endometrial
implants. Nonetheless, additional studies are needed to further
validate our predictive model in other populations.
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Abstract

Background: The identification of presurgical clinical mark-
ers may be helpful to allow the staging of endometriosis se-
verity. It has been suggested that pain characteristics orien-
tate the gynecologist about the anatomical involvement of
endometriosis. The study was performed to analyze the cor-
relation between pain symptoms and the anatomical loca-
tion of endometriosis. Methods: One hundred fifty-five con-
secutive patients with a complete removal of deep infiltrat-
ing endometriosis (DIE) were included. Prior to surgery, data
on patient and disease characteristics were obtained. The
intensity of the pain symptoms was registered using a Visual
Analogue Scale. The endometriotic lesionswere categorized
according to the Enzian morphological classification. Corre-
lation and multivariate analysis were performed to assess
the potential associations between pain characteristics (dys-
menorrhea, pelvic pain, dyschezia, dyspareunia or dysuria)
and the location of endometriosis or other disease-related
characteristics (hematuria, rectal bleeding or adenomyosis).
Results: Pelvic pain was significantly associated with the
presence of adenomyosis. Dyschezia was correlated with

rectal bleeding and dysuria with the presence of hematuria.
No relationship was found between other kinds of pain and
the morphological location of endometriosis or other dis-
ease-related characteristics. Conclusion: Our data suggest
that pelvic pain is correlated with the presence of adeno-
myosis in women with DIE. Further studies are required.

© 20116 S. Karger AG, Basel

Introduction

Endometriosis affects 10-20% of women at the repro-
ductive age [1]. This disorderis characterized by the ectopic
endometrial implants that can occur as superficial perito-
neal (or ovarian) endometriosis, endometriotic cysts of the
ovaries or ovarian endometrioma (OE) and deep infiltrat-
ingendometriosis (DIE). The cause of thisdisorder remains
unknown to date despite substantial research efforts [1-3].

Surgical treatment of DIE is difficult; it presents sub-
stantial risks and requires a high level of surgical skill.
One of the challenges at present time is the preoperative
staging of the disease. Unfortunately, clinical examina-
tion is insufficient to identify DIE lesions, especially in
higher pelvic locations [4]. For the non-invasive diagno-
sis of endometriosis, accurate imaging techniques such as
transvaginal ultrasound (TVS) or MRI are necessary [5].
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Recently, considerable effort has been made to use
pain as a marker of endometriosis. Some studies have fo-
cused on pain as a clinical predictive tool to correctly
identify patients with DIE [6]. Other studies have found
a relevant association between the type of pain and a spe-
cific anatomic location of endometrial lesions [7-9].
However, these studies have reported inconclusive out-
comes for various reasons. Although the relationship be-
tween pain and endometriosis has been described many
times, the definition of chronic pelvic pain has not been
consistently defined. The broad definition includes se-
vere dysmenorrhea, deep dyspareunia, and other painful
symptoms in the pelvis [8]. Moreover, there is no stan-
dard method for the classification of pain symptoms. As
a result, clinicians might confound the signs and symp-
toms with those of other gynecological conditions. For
example, non-explored adenomyosis is characterized by
the invasion of the endometrial glands and stroma in the
myometrium [10, 11], and also often presents a challeng-
ing diagnosis. Finally, most of these studies used the re-
vised American Society for Reproductive Medicine
(rASRM) score, which does not take into account the in-
volvement of retroperitoneal structures with DIE [12].

The aim of the present study was to analyze the useful-
ness of different types of pain as predictive markers to
indicate the morphological location of endometriosis.
We used the Enzian classification that takes into account
both the involvement of retroperitoneal structures and
adenomyosis [ 13].

Material and Methods

The study included 155 consecutive women with histologically
confirmed DIE, who underwent surgery for complete removal of
endometriosis after an exhaustive exploration of the abdominal
cavity. The surgical procedures were performed in the Clinical In-
stitute of Gynecology, Obstetrics and Neonatology of the Hospital
Clinic of Barcelona, Spain, from January 2013 to December 2014.
This study was conducted following the principles of the Declara-
tion of Helsinki for Medical Research Involving Human Subjects
and was approved by the Institutional Ethics Committee accord-
ing to the local regulations. All participants had provided written
informed consentbefore the data collection.

Information was prospectively registered for each patient
Baseline characteristics were obtained during the first visit. We
recorded age, body mass index, previous pregnancies and the his-
tory of surgical treatment for endometriosis. Before the surgery,
pain symptoms including dysmenorrhea, dyschezia, dyspareunia,
dysuria and pelvic pain (defined as pain located in the pelvis and
not otherwise described) were identified. Pain intensity was clas-
sified using the Visual Analogue Scale (VAS), being one of the
most frequently used pain scale and the best adapted for endome-
triosis pain measurement [14]. The women marked a point on the
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10-cm line corresponding to the amount of pain they experienced;
the scale was from 0 (no pain) to 10 (unbearable pain). The mean
VAS score for each type of pain was registered. The mean VAS
value for all the types of pain was calculated and defined as the
mean endometriosis-associated pelvic pain (nEAPP) score for
each patient. Additionally, the maximum VAS value for all the
types of pain measured was given as the maximum endometriosis-
associated pelvic pain (maxEAPP) score [15]. Scores of 4-6 were
considered as moderate pain and those =7 as severe pain.

An extensive preoperative evaluation was performed in all the
patients, including clinical examination, MRI and transvaginal so-
nography, as previously described [16]. The morphological de-
scription of DIE was conducted using the Enzian classification
during surgery and confirmed by histological analysis [13]. This
classification divides pelvicareainto 3 compartments according to
the retroperitoneal structures. Compartment A contains the rec-
tovaginal septum and vagina, compartment B extends from sacro-
uterine ligament to the pelvic wall and compartment C contains
the rectum and sigmoid colon. The cases of deep invasion of or-
gans were separately registered as ‘others” adenomyosis, the in-
volvement of the bladder, ureter, bowel disease cranial to the rec-
tosigmoid junction and other locations. Adenomyosis was diag-
nosed before surgery using MRI or transvaginal sonography, a
2- and 3-dimensional TVS examination with specific features pre-
defined according to the work of Pinzauti et al. [17]. Moreover,
adenomyosis was histologically confirmed in cases in which a hys-
terectomy was performed. Disease-related data included presence
of OF, laterality of OE (uni- orbilaterality), multiplicity, size of the
largest OF and the sum of the sizes of OEs in cases of multiplicity,
number of DIE implants, the size of the largest implant, the sum
of all implant sizes and their specific localization and the presence
or absence of hematuria and rectal bleeding.

Statistical Analysis

The results of the descriptive analysis of qualitative variables
were expressed as frequencies and percentages, and those of the
analysis of quantitative variables as means and SDs. The Pearson
correlation coefficient was used for analyzing the relationship be-
tween the type of pain and the extent of the disease (including lo-
cation, disease-related characteristics and presence of hematuria,
rectal bleeding or adenomyosis). Finally, a multivariate logistic re-
gression model was used to identify independent factors that could
most accurately predict pain. All the tests were 2-tailed and the
confidence level (CI) was set at 95%. A p value <0.05 was consid-
ered significant. The analyses were performed using IBM SPSS sta-
tistics 20.0 (IBM, Armonk, New York, N.Y., USA).

Results

A total of 155 consecutive women with histologically
confirmed endometriosis were included in the study. The
baseline characteristics of the patients and the distribu-
tion of pain intensity are shown in table 1. The most com-
mon symptoms were dysmenorrhea in 148 (95.5%) pa-
tients and pelvic pain in 98 (63.2%). The maxEAPP was
severe (8.1 + 1.8), as expected in this population. The
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Table 1. Baseline characteristics of the women included in the study and the intensity of the different types of
pain measured by a 10-cm VAS and other disease-related characteristics (n = 155)

Mean + SD Number %
Age, years 34.5+5.6
BMI, kg/m? 22.9+3.7
Previous pregnancies 0.4+0.8
Previous endometriosis surgery 78 50.3
Dysmenorrhea 7.26+2.5 148 95.5
Pelvic pain 727+2.0 98 632
Dyschezia 7.2342.3 67 432
Dyspareunia 6.50+1.9 65 41.9
Dysuria 7.3242.5 23 14.8
mEAPP 3.7+1.8
maxEAPP 8.1+1.8
Hematuria 5 32
Rectal bleeding 19 12.3
Adenomyosis 33 21.3

BMI = Body mass index.

In the 10-cm VAS, the women marked a point on a 10-cm line corresponding to the intensity of the pain ex-
perienced, from 0 (no pain) to 10 (unbearable pain).
Scores of 4—6 were considered as moderate pain and those =7 as severe pain.

Table 2. Intensity of the different types of pain measured by a 10-cm VAS according to endometriosis location
(mean * SD). Note that these results were calculated taking into account the value of 0 in the absence of a spe-

cific type of pain

Compartment Compartment Compartment Others

A(n=9%) B(n=74) C(n =46) (n=72)
Dysmenorrhea 6.70+2,9 7.2442.5 7.13%2.6 6.93+3.0
Pelvic pain 4.4843.8 4.86+4.0 4.33+4.0 4.58+4.0
Dyschezia 3.36+3.9 3.244.0 2.30+3.5 2.83+3.8
Dyspareunia 2.8243.9 2.8243.6 2.3343.3 2.13+3.1
Dysuria 0.95+2,5 0.89+2.6 0.80+2.3 1.33+2.9
mEAPP 3.67+1.8 3.79+1.9 3.38+14 3.56+1.8
maxEAPP 8.06+1.7 8.20+1.6 8.09+1.8 8.09+2.1

In the 10-cm VAS, the women marked a point on a 10-cm line corresponding to the intensity of the pain ex-
perienced, from 0 (no pain) to 10 (unbearable pain).
Scores of 4—6 were considered as moderate pain and those =7 as severe pain.

mEAPP was 3.7 + 1.8 (note that these results were calcu-
lated by taking into account the value of 0 in the absence
of a specific type of pain). When each type of pain was
separately evaluated, the mean VAS score was elevated,
indicating that, overall, the women had severe pain. Ta-
ble 2 shows the intensity of the different types of pain ac-
cording to the compartment involved. Adenomyosis was
diagnosed by MRI in 33 patients (21.3%) and confirmed
by histology in all cases in which hysterectomy was per-
formed (10 patients, 30.3%). In the absence of MRI sus-

Endometriotic Pain and Adenomyosis

picion adenomyosis was not, in any case, histologically
diagnosed in the hysterectomy specimen (data not
shown).

Endometriosis was characterized during pelvic surgery;
the clinical data for the different compartments are pre-
sented in table 3. The distribution of lesions categorized
according to the Enzian classification in the different com-
partments is shown in figure 1. The most common area
involved was compartment A (60.6%). DIE was identified
in the vagina in 20 (12.9%) women, in retrocervical nodule
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Table 3. Clinical description of OE and DIE nodules after pelvic surgery according to the different anatomical compartments affected

(n =155)
Compartment Compartment B Compartment C ~ Others Overall
An=9) (n=74) (n=46) (n=72) (n=155)
DIE
Number of DIE implants, n (%) 94 (100.0) 74 (100.0) 46 (100.0) 72(100.0) 155 (100.0)
1 implant 29(30.9) 7 (9.5) 6 (13.0) 17 (23.6) 55(35.5)
2 implants 32 (34.0) 27 (36.5) 9 (19.6) 20 (27.8) 49 (31.3)
3 implants 14 (14.9) 20 (27.0) 9(19.6) 14 (19.4) 25(16.1)
4 implants 9(9.6) 8 (10.8) 11 (23.9) 9 (12.5) 13 (8.4)
5 or more implants 10 (10.6) 12 (16.2) 11 (23.9) 12 (16.7) 13 (8.4)
Size of the largest implant, n (%)
Unknown 5(5.3) 3(4.1) 0 (0) 0 (0) 6(3.9)
<10 mm 1(1.1) 22.7) 0(0) 3(42) 4(2.6)
>10 mm 15 (16.0) 12 (16.2) 5(10.9) 10 (13.8) 28 (18.1)
>20 mm 24 (25.5) 20 (27.0) 7(15.2) 18 (25.0) 38 (24.5)
>30 mm 13 (13.8) 13 (17.6) 6 (13.0) 10 (13.8) 24 (15.5)
>40 mm 16 (17.0) 14 (18.9) 11 (23.9) 11 (15.3) 24 (15.5)
250 mm 20 (21.3) 10 (13.5) 17 (37.0) 20 (27.8) 31 (20.0)
Sum of implant sizes, mm, median 54.7+41.8 54.0+38.7 75.2452.3 67.0+53.7 52.8+42.9
OE
Laterality endometrioma, n (%) 56 (59.6) 45 (60.8) 25(54.3) 50 (69.4) 96 (61.9)
Unilateral 26 (46.4) 24 (53.3) 10 (40.0) 28 (56.0) 50 (32.3)
Bilateral 30 (53.6) 21 (46.7) 15 (60.0) 22 (44.0) 46 (29.7)
Multiplicity 36 (64.3) 28 (62.2) 16 (64.0) 25 (50.0) 56 (36.1)
Size of the largest OE, mm, mean * SD 50.8+25.6 45.9+27.3 51.8+26.0 52.5+28.5 51.3%¥27.2
Sum of sizes of OE, mm, mean * SD 73.0+£36.3 66.8+40.0 79.4438.8 70.9+42.4 71.9+38.8

The Enzian classification categorizes DIE morphologically into 3 compartments depending on the retroperitoneal structures in-
volved: compartment A, the rectovaginal septum and vagina; compartment B, sacrouterine ligament to pelvic wall, compartment C, the
rectum and sigmoid colon. The group named ‘others’ comprises adenomyosis, involvement of the bladder, ureter, bowel disease cra-

nial to the rectosigmoid junction and other locations.

in 62 (40.0%), in retrouterine in 19 (12.3%) and in the uter-
ine fundus in 3 individuals (1.9%). The lesions were also
specifically located in the following areas of compartment
B: the uterosacral ligament in 53 (34.2%) patients, broad
ligament in 20 (13.0%) and round ligament in 6 (3.8%). In
compartment C, the rectal area was affected in 13 (8.4%)
patients and the sigma in 24 (15.5%). We also found (in
‘other’ compartments) lesions in the abdominal wall peri-
toneum in 21 (13.6%), bladder peritoneum in 26 (16.8%),
ureter in 16 (10.3%), ileum in 5 (3.2%), cecum in 4 (2.6%)
and appendix in 8 (5.2%) women.

Allthe variables included in the correlation analysis are
shown in table 4. A significant positive association was
found between pelvic pain and the presence of adenomy-
osis (r = 0.468; p = 0.037), between dyschezia and rectal
bleeding (r = 0.461; p = 0.046), and dysuria and hematuria
(r =0.532; p = 0.004). Moreover, a clear associative trend
was observed between dysmenorrhea and the presence of
adenomyosis (r = 0.418; p = 0.080). The mEAPP and max-
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EAPP values were also positively correlated with the pres-
ence of rectal bleeding (r = 0.511; p = 0.008 and r = 0.518;
p = 0.007, respectively). There was no correlation between
the specific compartments affected (Enzian classification)
and the pain characteristics. Other clinical features stud-
ied related to DIE, OE or other conditions were not sig-
nificantly associated with any of the pain outcomes. Ta-
ble 5 shows the multivariate logistic regression analysis
performed in order to predict variables associated with
pelvic pain in our series. Among the variables studied,
only adenomyosis showed a significant association with
pelvic pain (OR 0.32; 95% CI 0.14-0.20; p = 0.02).

Discussion
We found some correlations between pelvic pain and

adenomyosis, dyschezia and rectal bleeding, and dysuria
and hematuria. We also observed a tendency to an asso-
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Fig. 1. Distribution of patients according to the morphological
classification of DIE by the Enzian classification (n = 155). The
Enzian classification allows morphologically locating DIE into 3
compartments according to the retroperitoneal structures: com-
partment A, rectovaginal septum and vagina; compartment B, sa-
crouterine ligament to pelvic wall; and compartment C, rectum
and sigmoid colon. The group named ‘others’ comprises adeno-
myosis, involvement of the bladder, ureter, bowel disease cranial
to the rectosigmoid junction and other locations.

ciation between dysmenorrhea and adenomyosis. Inter-
estingly, an absence of correlation between endometri-
otic pain markers and specific compartments affected was
also found.

Several features of this study are worth emphasizing.
We used the Enzian classification of endometriosis, which
is considered the best rating tool for the morphological
categorization of DIE lesions [18]. This classification
method allows registering the extent to which the retro-
peritoneal structures are affected and takes adenomyosis
into account. Therefore, according to the objectives of
this study, this classification was chosen for use in the
present study. Furthermore, this method is useful for the
description of not onlyhistologically confirmed endome-
triosis but also of clinically suspected lesions. In contrast,
although the rASRM score is currently the best known,
most widely used and the reference classification for en-
dometriosis, it does not take into account either the in-
volvement of retroperitoneal structures in DIE or adeno-
myosis[12, 13, 18]. In our study, the rectovaginal septum
and vagina (compartment A) were primarily affected, fol-
lowed by the sacrouterine ligament to the pelvic wall
(compartment B) and the rectum and sigmoid colon
(compartment C). Other compartments were affected in
46.5% of patients, and 21.3% of all women had adeno-
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Table 5. Multivariate logistic regression analysis for independent
variables that could most accurately predict pain

Pelvic pain

OR  95% CI p value
Invelvement of compartment A -0,13 -0.40t00.12 0.30
Involvement of compartment B 0.07 -0.23t00.3% 0.62
Involvement of compartment C 0.02 -0.31t00.36 0.87
Involvement of other compartments -0.14 -0.41tc 0.12 0.28
Presence of endometrioma 003 -0.35t0 0,42 0.85
Laterality of endometrioma -0,10 -0.33t0 0,27 0.31
Multiplicity of endometrioma -0.19 -0.62t00.23 0.36
Size ofthe largest OE -0,30 -0.01tc 0,10 0.27
Sum of OE sizes -0,2% -0.10t0 0.05 0.35
Number of DIE localizations -0.17 -0.22t0 0.09 0.40
Size ofthe largest DIE implant -0,07 -0.22t00.45 0.50
Sum of DIE implant sizes 0,11 -0.48t0 0,20 0.48
Presence of hemataria -0.01 -0.84t00.72 0.87
Presence of rectal bleeding -0.06 -0.37tc0.38 0.96
Presence of adenomyosis 0,32 0.14t00.20 0.02

myosis. It is clear, however, that there was an overlap be-
tween different locations, since the majority of women
had lesions in more than one location. This is not unusu-
al in clinical practice, and the Enzian classification was
expected to reduce bias by gathering lesions in the 3 com-
partments described.

The second important feature of the study was the
inclusion of adenomyosis. It is well-defined that there is
an overlap in the pathogenesis of endometriosis and ad-
enomyosis, which is particularly important in DIE [19-
21). Gonzales et al. [22] found a correlation between
uterine adenomyosis and DIE, particularly in the recto-
sigmoid. Although 30-50% of women with adenomyo-
sis are asymptomatic [11, 23-25], the severe form of the
disease often shows symptoms correlated with the in-
tensity and depth of the lesions [22]. We observed a sta-
tistically significant correlation between pelvic pain and
the presence of adenomyosis, in agreement with the pre-
viously reported results [23, 26,27]. Dysmenorrhea is a
risk factor in the deep adenomyotic process with a high
density of endometrial glands in the myometrium [11,
23,25,28,29]. We observed a clear trend associating the
presence of dysmenorrhea with adenomyosis, although
this relationship was not statistically significant. Among
the patients reporting these symptoms, 95.5% described
the intensity as severe. In contrast, dyspareunia and dys-
uria were self-reported as moderate to severe (when the
types of pain were individually evaluated by our pa-
tients) and not related to involvement of the myome-
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trium. These results are in agreement with previous
findings [23, 30]. Another study conducted by Haas et
al. [31] showed an association between adenomyosis
and dysmenorrhea as well as with dyspareunia. How-
ever, adenomyosis was present in only 9.3% of patients,
which clearly differs from what was observed in our
study and can be a reason for not making a direct com-
parison. In fact, there is a clear variation in the reported
rate of adenomyosis in the literature. Unresolved adeno-
myosis may consequently lead to pain recurrences after
pelvic surgery. Therefore, correct identification of coex-
isting pathological conditions for DIE and adenomyosis
is necessary for the development of effective surgical
protocols.

Finally, we histologically confirmed the diagnosis of
endometriosis in all the cases included in this study after
surgical removal of implants. This may explain the differ-
ences observed with other studies. Previous publications
have reported an association between pain semiology and
the precise anatomical location [7-9]; thus, pain symp-
toms have been described as location indicating pain [8].
However, the diagnosis of the disease in these reports pre-
sented an important limitation; it was established macro-
scopically. Only in the study conducted by Vercellini et
al. [9] was the histological diagnosis available in 72.9% of
the patients. Our study does not support the possibility of
a relationship between pain and number of the nodules;
this feature has been neglected in previous reports with
inconsistent results [32, 33]. We found that the presence
of endometriomas was not correlated with the intensity
of pain. This result was consistent with the conclusions of
previous studies in which OE did not contribute to chron-
ic pain [34-36].

The main limitation of our study was the sample size,
which was rather small from a biometric point of view.
We believe that this work should be considered a prelim-
inary study intended to stimulate future larger, adequate-
ly powered investigations including patients and con-
trols, as well as alarger multivariate analysis of the factors
predicting DIE and adenomyosis. It is useful to provide
the results of well-designed studies, even those that have
low power, to encourage other investigators to address
this issue and provide alarger basis for eventual review of
small series of patients in order to help clarify the rela-
tionships between clinics and disease. Other minor limi-
tations were the fact that data related to the presence of
adnexal adhesions and the rate of pain recurrence after
surgery was only available in a small group of patients.

In conclusion, our study suggests that in women with
DIE, pelvic painis correlated with adenomyosisand, im-
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portantly, there is no correlation between endometri-
otic pain markers and the specific compartments affect-
ed. Although we do not know the rate of pelvic pain re-
currence in the group of patients with associated
adenomyosis because it was not the objective of the
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Abstract

Introduction: Recent reports consider endometriosis to be an immunclogical disorder, thus suggesting potential efficacy
of immunomeodulators for its treatment. The aim of this study was to assess the effects of oral administration of pen-
toxifylline on endometriosis-like lesions in a heterologous mice model. Study Design: Human endometrial tissue obtained
from women {n = 5) undergoing surgery for benign conditions was implanted in nude female mice {n = 30). The animals
were distributed into 3 experimental groups receiving: saline 0.1 mL/d {control, group |); pentoxifylline 100 mg/kg/d
{group 2), and pentoxifylline 200 mg/kg/d {group 3). After 28 days, the number of implants and the total volume of surgically
extracted tissue were recorded. Immunchistochemical analysis was performed to assess the area of endometriosis and
vascularization of endometriosis-like lesions. Cytokine levels in peritoneal fluid samples were measured. Results: Macro-
scopic quantification showed a trend to dose-dependent reduction in the number of the endometriosis-like lesions after
28 days. The volume was significantly reduced in group 3 versus group 2 and controls {399.10 + 120.68 mm? vs 276.75 +
94.30 mm’ and 145.33 + 38.20 mm’, respectively; P = .04). Similarly, the mean area of endometriosis was significantly
lower in group 3 {0.12 + 0.08 mm?) versus group 2 {(1.35 + 0.43 mm?) and control {2.84 + 0.60 mm?% P = .001).
Vascularization and cytokine levels were also reduced posttreatment. Conclusion: Our results suggest that the oral
administration of pentoxifylline may be an alternative to current therapies for endometriosis. Nonetheless, further studies
are required.

Keywords
endometriosis, pentoxifylline, mouse model, dose translational formula, immunomeodulation

Introduction

Endometriosis is an estrogen-dependent gynecological disorder

characterized by the presence of endometrial glands and stroma ' Clinical Institute of Gynecology, Obstetrics, and Neonatology, Hospital

Clinic, Universitat de Barcelona, Barcelona, Spain

outside the uterine cavity. It is associated with chronic pelvic
pain among other symptoms.'™ Several different hypotheses
have been suggested for the development of the disease. The
most commonly accepted theory is retrograde menstruation,
first described by Sampson in 1927. This theory proposes dis-
semination of endormetrial cells from the uterine endometrium
into the peritoneal cavity as a cause of endometriosis.” One of
the major shortcomings of this theory, however, is that at repro-
ductive age nearly all wornen exhibit some degree of retrograde
menstruation, whereas not all develop this condition.

Recent studies have shown that the increased presence of
immune cells in the peritoneal fluid of women with endome-
triosis potentially favors the development of the disease.
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Immune alterations may facilitate the implantation and devel-
opment of endometrial foci through the secretion of cytokines
and growth factors.® Thus, it is now generally accepted that the
immune system is involved in the pathogenesis of the dis-
ease.”® Therefore, the putative use of inmunomodulatory
agents, such as pentoxifylline, which is a methylxanthine deri-
vate that modulates cytokine production, may provide a new
therapeutic approach to endometriosis.”!

Pentoxifylline alters the immune system by inhibiting pha-
gocytosis and the generation of toxic oxygen species and pro-
teolytic enzymes by macrophages and granulocytes in vitro and
in vivo, inhibiting tumor necrosis factor (TNF) preduction in
vitro, and reduces the inflammatory action of TNF and inter-
leukin (IL)-1 on granulocytes in vitro.'? Interestingly, these
effects are not directly related to T lymphocytes which are
deficient cells in immune-compromised mice. Most cytokines
are locally secreted by other cells such as monocytes, macro-
phages, endothelial cells, and fibroblasts. Thus, the use of a
nude mice model is feasible to study the effect of pentoxifylline
on endometriosis. In this study, we have approached the prob-
lem by evaluating the effect of orally administered pentoxifyl-
line, considering that its absorption is fast and almost complete
after the oral administration.'” Human endometrial tissue was
implanted in immunodeficient mice; this is a standardized pro-
cedure to study this disease in mice when avoiding both tissue
rejection and the presence of several differences that there are
when using mouse endometrium is needed.'* Tissue growth
and histological characterization of human endometriotic
implants and peritoneal cytokine levels were assessed.

Materials and Methods
Ethical Approval

The present experimental study was conducted in the Hospital
Clinic of Barcelona, Spain, from January 2014 to January 2015.
It was approved by the Ethical Committee of Animal Experi-
mentation of the University of Barcelona on May 28, 2013
(510/13), and by the Ethical Committee of the Hospital Clinic
of Barcelona on November 28, 2013 (2013/8838).

Human Endometrial Tissue

Menstrual endometrium was obtained by aspiration using
Cornier cannula for endometrial biopsy (Gynétics Medical
Products N.V., Lommel, Belgium) during the proliferative
phase (from 5 to 10 days) of 5 women undergoing surgery for
benign conditions (2 myomas and 3 simple cysts). The endo-
meftrium samples were preserved in physioclogical saline and
implanted immediately to prevent cell death. Patients were of
reproductive age (18-45 years old) and had not received hor-
mone treatment within 8 weeks prior to sample collection.
Medical history of endometriosis or adenomyogis was not
allowed, and an extensive preoperative evaluation was per-
formed for all the patients, including clinical exploration, MRI,
and transvaginal sonography to exclude both. The absence of

endometriotic lesions was confirmed during the laparoscopy
conducted for benign disease. All participants signed informed
consent forms to participate in the study.

Experimental Mode! of Endometriosis

Nude (Swiss nu/nu) 4-week-old female mice (n = 30; Charles
River Laboratories, Wilmington, Delaware) were used in the
study. The animals were housed 6 per cage under specific
pathogen-free conditions, with artificial lighting of 12-hour
light/dark cycles. The animals were allowed to acclimatize to
these conditions for 7 days prior to carrying out any interven-
tion and were fed ad libitum with standard pellet food and tap
water. A mixture of ketamine 100 mg/kg (Imalgéne 1000,
100 mg/mL, Merial, Lyon, France) and xylazine 10 mg/kg
(Rompun 2%, Bayer HealthCare, Kiel, Germany) was injected
intraperitoneally (IP) to anesthetize the mice prior to the inva-
sive procedures. Atipamezole hydrochloride 0.2 mg/kg IP
(Antisedan, Dr Esteve Laboratory, Barcelona, Spain) was used
to reverse the anesthesia and prevent respiratory depression.

On day 8, following the 7-day acclimatization phase, a
bilateral cophorectomy was performed by lumbotomy. Estra-
diol supplementation was applied to provide continuocus hor-
mone release and thus eliminate interrodent differences
related to the stage of the estrous cycle. The hormone supple-
mentation was based on a 60-day release tablet containing
0.36 mg 17p-estradiol (Cat.# SE-121; Innovative Research
of America, Sarasota, Florida), which was inserted at the level
of the shoulder of each animal.

On day 15, concurrent with the extraction of the endometrial
tissue from patients, all the mice underwent midline laparot-
omy to implant 4 blocks of 2 mm each of human endometrium
into the parietal peritoneum (2 on each side of the incision)
using n-butyl-ester cyanocacrylate adhesive (Vetbond, 3M,
Espafia S.L., Madrid, Spain). The endometrial tissue sample
from each patient was implanted into 6 mice, and the animals
were then randomized into 1 of the 3 treatment groups (1 con-
trol group and 2 experimental groups) to minimize possible
bias due to the characteristics of patient’s endometrial tissue.

Study Drug

Buprenorphine 0.1 mg/kg subcutaneously (Buprex, Reckitt
Benckiser Healthcare, Berkshire, United Kingdom) was used
as analgesia during surgery and every 12 hours during the
following 2 days after surgery to minimize suffering.
Following implantation of endometrial tissue, pentoxifylline
(Hemovas 300 mg, 15 mL vial, Robert S.A. Laboratory, Bar-
celona, Spain) was administered by oral gavage. The drug
doses were calculated using a translation formula based on a
body surface area normalization method to establish the dose
equivalence between humans and experimental animals.'” The
animals were divided into 3 groups (n = 10 animals each):
group 1 (contrel) received saline 0.1 mL/d; group 2, pentoxifyl-
line 100 mg/kg/d; and group 3, pentoxifylline 200 mg/kg/d.
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Figure |. Necropsy of the animal, visual inspection, and identification of the implants. Identification of 4 implants of endometriosis; 2 on each
side of the midline laparotomy in 2 mouse from the control group (group |).

Macroscopic Quantification of Endometriosis-Like
Lesions

After 28 days of treatment with oral pentoxifylline, the animals
were sacrificed by cervical dislocation. The peritoneurn was
opened and the lesions identified, counted, and excised, together
with the adjacent peritoneum, by a single surgeon (M.P.;
Figure 1). In cases in which macroscopical lesions were not
identified, all the parietal peritoneum where the endometrial
tissue had been implanted was removed. Another investigator
(P.C.), who was blinded to the treatment group, used a caliper to
measure the total volume of tissue extracted from mice accord-
ing to 3 perpendicular diameters (width, length, and height).

Immunohistochemical Morphometric Analysis
of Endometriosis-Like Lesions

For this analysis, we used the methodology previously
described by Defrére et al.'® Paraffin-embedded blocks of tis-
sue were cut into semiserials sections of 5 um. The presence of
viable endometriosis was confirmed by hematoxylin and eosin
(H&E) staining of every fifth slide. From these H&E stained
slides, those with the largest endometriotic lesion surface area
were selected for histological quantification analysis. The fol-
lowing 2 serial sections from the selected slides were used to
confirm the initial diagnosis of endometriosis observed in the
H&E stained slides. These sections underwent immunohisto-
chemical analysis with mouse monoclonal antibedies (mAb) to
human CD10 (Clone 56C6, Ready-to-Use, Dake Omnis, Dako
Denmark A/S, Denmark) to identify stroma and to cytokeratin
7 (CK7; Clone OV-TL 12/30, Ready-to-Use, Dako Autostai-
ner/Autostainer Plug, Dako Omnis, Dake Denmark A/S) to
identify glandular tissue,”‘lg according to the manufacturer’s
instructions. The next serial section was used as a marker of
vascular proliferation and labeled with mAb to humnan CD31
(Clone JC70A, Ready-to-Use, Dako Autostainer/Autostainer
Plus, Dako Omnis, Dako Denmark A/S).2

The H&E-, CD10-, CK7-, and CD31-stained slides were
examined under an Olympus BX51 light microscope. The area

of endometriosis was calculated by the extent of a
2-dimensional shadow on the slide with H&E staining under
a Leica DMDI108 microscope (Leica Microsistemas S.L.U.,
Barcelena, Spain). Quantification of the vascular proliferation
marker was expressed as the percentage of microvessels
stained with CD31 identified in the area of endometriosis
(%CD31).

Cytokine Quantification

After sacrifice and prior to opening of the abdomen of each
animal, the mice were fixed on a platform in supine position
and peritoneal fluid was collected by irrigating the abdominal
cavity with 2 mL of saline.

Peritoneal fluid samples were centrifuged at 2000 rpm for
5 minutes at 4°C. Cytokine levels were determined using
the Mouse Cytokine 20-Plex Panel (Invitrogen, LMCC006) and
the Mouse regulated on activation, normal T-expressed, and
secreted (RANTES) Singleplex Bead Kit (Invitrogen,
LMC1031, Waltham, MA, USA) following the manufacturer’s
instructions and using a Luminex’s xMAP technelogy lumin-
ometer (Luminex B.V., MV ’s-Hertogenbosch, Netherlands).

Statistical Analysis

Results are expressed as mean + standard error of the mean
(SEM; Table 1). The characteristics of endometriosis-like
lesions (number of lesions, volume, area of endometriosis, and
%CD31) and the quantification of cytokines of the study
groups were compared using the Kruskal-Wallis test. Statistical
significance was set at a P value of <.05. The statistical anal-
yses were performed using the IBM SPSS Statistics 20.0 pack-
age (IBM, Armonk, New York).

Results

Three of 30 animals initially included in the study died: 2 from
cardiac arrest during surgery (group 1), and the other due to
heavy bleeding caused by accidental injury during the admin-
istration of oral medication (group 3).
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Table 1. Macroscopic Results of Endometriosis-Like Lesions and Mice Weight According to Treatment Groups.®

Measurements Group | (Saline) Group 2, mg/kg/d Group 3, mglkg/d P Value
# of implants {n}) 240 + 0.50 1.63 + 042 LIl + 048 .065
Tissue volume (mm®) 399.10 + 120.68 276.75 + 94.30 145.33 + 3820 .040
Initial body weight (g) 1820 + 0.50 18.10 + 1.20 17.20 + 0.90 .085
Final body weight (g} 20.10 £ 0.70 21.10 £+ 0.50 19.30 + 1.30 .135
Abbreviation: SEM, standard error of the mean.
*Mean + SEM.

CD31 (40x)

oA Tk

Figure 2. Effects of pentoxifylline on endometrictic lesion histology. Visual representation of immunchistochemical results. A to D, Control
mouse not treated with pentoxifylline {group 1): {A) large implant of endometriosis; (B) strong glandular epithelium staining; {C) strong stromal
staining; and (D) high number of microvessels. E to H, Mouse treated with 100 mg/kg/d of pentoxifylline {group 2): (E) moderate implant of
endometriosis; (F) strong glandular epithelium staining; (G) strong stromal staining; and (H) medium number of microvessels. | to L, Mouse
treated with 200 mg/kg/d of pentoxifylline (group 3): (I} inflammatory reaction without implants of endometriosis; {J) absence of endometrial
epithelium; (K) absence of endometrial stroma; and (L) absence of microvessels. Blue stars: area considered as endometrial implant. Red arrows:

microvessels.

Macroscopic Quantification of Endometriosis-Like
Lesions

After 28 days, the human endometrial implants were excised.
In 7 animals (2 in group 2 and 5 in group 3), all the parijetal
peritoneum in which the endometrial tissue had been implanted
was finally extracted because macroscopical lesions were not
identified. The results of the observations are listed in Table 1.
A dose-dependent decrease in the number of lesions was
observed, although the differences between groups did not

reach the statistical significance (P = .065). The mean volume
of the tissue extracted was significantly reduced (P = .040). No
differences in the final body weight were observed among the
3 groups (Table 1).

Immunohistochemical Morphometric Analysis
of Endometriosis-Like Lesions

The histological quantification of H&E-stained sections
(Figure 2A) revealed a significant decrease in the mean area
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Endometriosis area

mm?2

Group

Figure 3. Comparison of the mean area of endometriosis amang the
3 study groups. The mean area was calculated for a 2-dimensional
shadow in the hematoxylin and eosin-stained slides under a micro-
scope. Statistically significant differences are indicated with common
superscripts, all P values <.05.

of endometriosis between groups, with the largest mean area
being observed in group 1 (2.84 + 0.60 mm?), followed
by group 2 (1.35 + 0.43 mm?), and the smallest in group 3
(0.12 + 0.08 mmz; P = .001; Figure 3). Staining with mAb to
human CK7 and CD10 confirmed the endometriotic origin of
these lesions (Figure 2B and C, respectively).

Treatment with pentoxifylline significantly reduced vascu-
larization of the endometrium implants (Figure 2D). The
density of microvessels calculated by the %CD31 detected
in groups 2 and 3 (18.13 + 5.09 and 6.22 + 2.91) was signif-
icantly lower than in group 1 (26.20 + 6.94;, P = .030) at
day 28 (Figure 4).

Cytokine Quantification

A statistically significant reduction in peritoneal levels was
observed for the proinflammatory cytokines IL-1B, IL-6,
TNF-«, and vascular endothelial growth factor (VEGF) by
comparing group 1 with groups 2 and 3 (Table 2). Nonstatisti-
cally significant changes were also observed for the proinflam-
matory and anti-inflammatory cytokines RANTES and IL-10,
respectively (Table 2).

Discussion

This study demonstrates the efficacy of the oral administration
of pentoxifylline as a good alternative to current therapies for
endometriosis. Pentoxifylline does not interfere with fertility,
thereby favoring its potential as a good therapeutic option for
patients with gestational desire. The current standard options
for managing endometriosis are almost exclusively based on
surgery and anovulatory hormonal therapies. These treatments
are associated with a number of side effects and nullify the
possibility of pregnancy.?'*? However, there are few studies
on possible endometriosis medical therapies that could allow

CD31

30
X 201

10+

Group

Figure 4. Comparison of the mean percentage of vascularization
determined by antihuman CD3| among the 3 study groups. The vas-
cular proliferation marker was expressed as the percentage of each
slide that was labeled with the monocdlonal mouse anti-human CD3 |
endothelial cell. Statistically significant differences are indicated with
common superscripts; all P values <.05.

Table 2. Analysis of Cytokine Levels in pg/mL*®

Group 2, Group 3,
Cytokines Group | (Saline) mglkg/d mglkg/d P Value
IL-13 79 4+ 27 0 0 .034
IL-6 26 + 1.9 0 0 .02%
IL-10 2101 £ 21.5 2376 + 273 2482 4+ 316 .07I
RANTES 984 + 262 834 4+ 209 629 £+ 183 .060
VEGF 374+ 12 1.3 + 06 0.3 + 009 .045
TNF-o 56 + 29 0 0 .040

Abbreviations: IL, interleukin; RANTES, regulated on activation, normal
T-expressed, and presumably secreted; SEM, standard error of the mean;
TNF-x, tumor necrosis factor «; VEGF, vascular endothelial growth factor.
*Mean + SEM.

bValues expressed as O represent that cytokine levels were not detected.

pain control and search of pregnancy.”® The use of immu-
nomodulators, such as pentoxifylline, has been suggested
and evaluated as an option™®?* because it can reduce the
production and action of cytokines. Women with endome-
triosis appear to exhibit increased macrophage activation,
and the suppression of this macrophage response induced
by pentoxifylline seemed to work as a cellular proliferation
inhibitor for endometriosis. '

Although pentoxifylline has been evaluated in fertility in the
past,’?*2% the ability of this drug to reduce endometriotic
implant growth is still under investigation. In a study of female
rats with surgically induced endometriosis, the use of pentox-
ifylline successfully produced regression of endometriosis tis-
sue without inducing a hypoestrogenic state.’® Similar results
were reported in a more recent study, which demonstrated that
the 21-day treatment of female rats with pentoxifylline led to
reductions in the mean volume and mean number of endome-
triotic implants per animal.’' However, both these studies used
homeologous rat models in which autologous fragments of
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endometriotic tissue were implanted in the animals, and pen-
toxifylline was administered via subcutaneous injections.

The advantage of a xenogeneic model, which is generally
used when specific effects or functions of drugs on human
endometrium are evaluated in terms of assessing mechanistic
insights as in the present study, is that its design compensates
for the numerous physiological differences between mouse
endometrium and its human counterpart.*? This has been
stressed by other researchers who are using this model,**-°
and it has become a standardized procedure to study this dis-
ease. Although nude mice have congenital thymus aplasia
resulting in a deficient T lymphocyte system, certain related
cytokine secretion (eg, [L-4, IL-5, and interferon [IFN]-y) and
the role of T lymphocyte response on the proliferation of endo-
metriotic implants in mice are not the principal objectives of
this study. Most cytokines can be locally secreted by other
cells. The main end points of this study are focused on these
locally secreted cytokines, including IL-1p, IL-6, and TNF-c,
which are typically involved in endometriosis.

With regard to the use of this model, as well as the dose and
route of administration chosen for this study, this is the first
time that the human dose translation formula has been applied
in an animal model for endometriosis to establish an oral dose
equivalence for this agent between humans and experimental
animals. The oral administration is the route of choice in
humansg, making our findings much more transferable to clin-
ical trials. Furthermore, the inclusion of a control group facil-
itates comparisons.

Our results suggest that treating nude mice with pentoxifyl-
line leads to a significant reduction in endometriosis area and
vascularization in the animals. Similar to the results reported in
syngeneic mouse models of endometriosis, the number of
lesions decreased in a dose-dependent manner, even though the
differences among the groups were not statistically significant.
Quantification of the total volume of the extracted tissue,
however, showed a significant reduction between the
pentoxifylline-treated and contrel groups. The results were
confirmed by immunochistochemical analysis. Microscopy
showed a significant reduction in endometriosis area in the
H&E-stained tissue sections among the groups with the
greatest reduction being detected in the group treated with
200 mg/kg/d pentoxifylline dose (group 3). Additionally, the
morphometric analysis of the CD10 and CK7 markers used to
establish the stromal and glandular structures of lesions,
respectively, confirmed the endometriosis origin of the tissue
evaluated. Evaluation of the %CD31 showed a significant
reduction in vascularization in groups 2 and 3 treated with
pentoxifylline compared to group 1, which is in agreement with
previous reports showing that the establishment and develop-
ment of endometriosis lesions depend on the formation of
blood vessels to guarantee oxygen and essential nutrient sup-
ply.3537 This suggests that the effect of pentoxifylline on vas-
cularization may be essential to reduce the size of the nodules,
as previously hypothesized in many human cancers.*®

[t is known that the presence of endometriosis lesions alters
the peritoneal environment, suggesting the importance of these

secretory products in the pathogenesis of the disease. Increased
levels of many cytokines have been implicated in the onset of
endometriosis, mainly IL-1, [L-2, IL-4, IL-6, IL-10, TNF-¢,
IFN-y, and RANTES.?**° On one hand, our results showing
a reduction in the proinflammatory cytokines (IL-1B, IL-6,
and TNF-«) are in accordance with the effects previously
described for pentoxifylline.!®*! Moreover, we found other
proinflammatory proteins to be reduced (RANTES, VEGF).
Indeed, we found that the greater the cytokine values the
stronger the presence of endometriosis, similar to previous
reports.’?> On the other hand, the levels of the anti-
inflammatory cytokine IL-10 were elevated after treatment,
which might be explained by its role in the control of inflam-
mation.*? Overall, the immunomedulatory effects of pentox-
ifylline were clearly demonstrated.

Although our study provides valuable data suggesting a
beneficial effect of pentoxifylline on the reduction of endome-
triosis, there are some drawbacks. First, all animal experimen-
tation has a major limitation based on the differences between
the physiology of mice and humans, although the use of a
heterologous model may reduce these differences. Addition-
ally, mice do not spontaneously develop endometriosis, and
the adaptive (but not innate) immune system of these animals
was compromised to avoid tissue rejection. Finally, the differ-
ent tissues used from patients may be a limitation; however,
this is the only way to obtain a large sample, and mice
implanted with tissue from the same patient were randomized
to minimize the possible bias due to patient characteristics.

In conclusion, the results in our study suggest that the immu-
nomodulatory properties of pentoxifylline can significantly
reduce the number and size of endometriosis-like lesions, as
well as their vascularization, in a xenogeneic model of endo-
metriosis. The cytokine pattern observed in this study confirms
the importance of the innate immune system and the involve-
ment of several cytokines in the pathogenesis of the disease,
although their specific roles need to be further explored. This is
the first study in which pentoxifylline was orally administered
to the animals. On confirmation of the present results in larger
studies, pentoxifylline could be an effective and economic ther-
apeutic option for endometriosis, replacing anovulatory drugs
incompatible with gestation. Further studies are guaranteed to
make it transferable to humans.
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5. RESUM GLOBAL DELS RESULTATS I DISCUSSIO

Malgrat la millora en els coneixements sobre |'endometriosi en els darrers anys
continua essent fonamental el desenvolupament d’eines que ajudin a millorar el
diagnostic i I'estadificacid de la malaltia, aixi com la creacid de noves linies de
tractament que permetin preservar la fertilitat durant el seu Us. Els treballs realitzats en
la present tesi doctoral sobre aguesta tematica han mostrat, en resum, els resultats

seglients que es discuteixen a continuacio.

La cirurgia de I'EP és complexa i sovint requereix un equip multidisciplinari i per aixo és
molt important sospitar prequirdrgicament |'EP i estadificar correctament la malaltia. El
diagnostic de I'EO mitjangant ecografia ginecologica és molt facil i comu, pero la sospita
i diagnostic ecografic de I'EP no esta tant estesa ni és tan coneguda. Aix0 sovint genera
un infradiagnostic i retard en el diagnostic de I'EP. S"ha postulat que ['anamnesi i I'Us de
gUestionaris dirigits poden ajudar en la sospita i diagnostic de I'EP (30,31). Per tant,
existeix una necessitat de desenvolupar millors eines diagnostiques per predir I'EP. Els
EO poden estar presents amb molta freqliéncia en pacients amb EP. Amb la intencid de
poder discriminar mitjancant |I'anamnesi aquelles pacients amb EO coneguda que
presentaven EP associada es va realitzar el primer estudi d’aquesta tesi doctoral. En
aquest primer estudi (ESTUDI 1) es va realitzar un model de prediccié d’EP en pacients
amb EO amb |'Us de tres marcadors clinics. Sobre una mostra de 178 pacients, d'acord
amb l'estimacié feta amb el Odds Ratio (OR), tenir gestacions anteriors (0,25; IC

(Interval de Confianca) del 95%: 0,09-0,72; p <0,01), historia prévia de tractament
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quirurgic de I'endometriosi (10,17; IC del 95%: 3,62-28,53; p <0,01) i un augment d'una
unitat en la puntuacié mitja del EAPP (Endometriotic Associted Pelvic Pain) (3,49; IC del

95%: 2,37-5,15; p <0,01) es van associar significativament amb la preséncia d"EP.

La capacitat predictiva observada d'aquest model va ser molt alta (Area sota la corba
ROC: 0,91; IC del 95%: 0,86-0,95). El punt de tall optim era 0,538; amb una sensibilitat
del 80% per al diagnostic d'EP en pacients EO i una especificitat del 84%, amb un 81%

de pacients correctament classificades.

El model aplicat al subgrup de pacients “de la poblacié general” va mostrar igualment

bona capacitat predictiva (AUC: 0,91; IC dels 95%: 0,83-0,96).

Molts estudis anteriors han intentat predir I'endometriosi. Entre aquests, destaca el
realitzat per Chapron et al. (29) en el qual van avaluar la intensitat del dolor pelvic en
una poblacié de pacients que presentaven EO i van trobar una associacié significativa
amb les lesions infiltrants en profunditat. En una altra investigacid, aquests autors van
dissenyar un model de diagnostic basat en simptomes i historia clinica (30),
desenvolupat especificament per predir EP posterior entre les dones amb dolor pélvic
cronic, amb una sensibilitat del 74,5% i una especificitat del 68,7%. En I'estudi de casos i
controls realitzat per Lafay Pillet et al., es descriu la metodologia per construir una
puntuacio suggestiva de diagnostic d’EP i és probablement la metodologia més similar a
la nostra (31). Aquest es va basar en un qliestionari preoperatori estandarditzat. Es un
estudi que va incloure 326 dones i va obtenir una sensibilitat baixa, encara que amb una
alta especificitat (51% i 94%, respectivament, en les pacients amb puntuacions > 35). En

comparacid amb el nostre estudi, destaquen els diferents resultats pel que fa a
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sensibilitat i especificitat. Tot i que el nostre estudi té una mostra petita, hem obtingut

una sensibilitat del 80% i una especificitat del 84% per al diagndstic de pacients amb EOQ,

amb un 81% dels pacients classificat correctament. No obstant aix0, la comparacié

estricta entre els diferents estudis és dificil a causa de les diferencies en la metodologia

o les variables utilitzades.

Les tres variables incloses en el model predictiu de I'Estudi 1 sén variables que han estat

avaluades en estudis anteriors:

Trobem una associacio estadistica amb gestacions anteriors (identificat com un
factor protector) i EP, encara que aix0 no havia estat préviament reportat en la
literatura (30). Aix0 és consistent amb el fet que I'EP ha estat tradicionalment
associada amb la infertilitat.

El motiu que un factor predictor sigui la historia prévia de tractament quirudrgic
de I'endometriosi és probablement una conseqiéncia d'una subestimacid de
I'extensio de la malaltia durant la intervencié, d'acord amb la literatura (29,30),
a més del mecanisme de trauma sobre el peritoneu superficial i les adherencies
postoperatories, que poden provocar la proliferacid i la invasid endometrial i,
per tant, EP (23).

El dolor havia estat postulat com a bon predictor de la preséncia d’EP en
pacients amb EO (29) i aix0 ha estat confirmat en el nostre Estudi 1. Es va
treballar amb [I'EAPP mitja perquée tots els tipus de dolor estiguessin
representats en el valor final de VAS. Va ser el primer cop que aquesta variable
era utilitzada en un model de prediccio, de forma que s’integrava en un sol valor

tots els tipus de dolor que es presenten habitualment en la malaltia.
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A més, el nostre model va ser eficag en la identificacié d’EP en dones amb EO.

Per altra banda, els models predictius sén sovint poc practics en el moment de la presa
de decisions cliniques a causa de la dificultat de calcul que comporten. En aquest ambit,
la creacié d’'un nomograma permet la facil aplicabilitat de I'equacid per part dels
professionals sanitaris, sense la necessitat de realitzar un calcul matematic complex. El
nomograma és una representacio grafica d’'una férmula matematica que serveix per
predir una determinada situacié a partir d'una o més covariables, i és una eina que ha
estat ampliament adoptada en investigacié biomedica amb I'objectiu d’ajudar els
metges en l'aplicacid diaria d'aguest model. D'altra banda, la capacitat predictiva de
models desenvolupats en hospitals de tercer nivell es redueix en general quan
s’extrapola a un ambit d’atencio primaria (58) i pot estar esbiaixat per alguns factors
(per exemple, la seleccidé dels pacients). Per tant, en un esfor¢ per afegir més valor al
nostre model, la revaluacié del model en la submostra “de la poblacid general”
confirma un bon rendiment per a la prediccid de I'EP en tots els ambits. Per altra part,
aquest estudi ha de ser considerat com un estudi preliminar i és probablement petit des
d'un punt de vista biomeétric. No obstant aixd, l'objectiu és estimular futures

investigacions més amplies per obtenir una base més solida que ajudi a aclarir el valor

predictiu d'aquest enfocament.

Una altra problematica associada al diagnostic de sospita de I'EP i la seva estadificacio
és la dificil interpretacid del dolor que presenten les pacients amb aquesta i altres
patologies. S’han proposat simptomes-guies d’empitjorament catamenial que poden

ajudar al diagnostic i a la localitzacio anatomica de I'EP (33-35). En relacié amb aquesta
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problematica, en el segon estudi (ESTUDI 2) es va avaluar la possible relacio entre dolor
i la localitzacié anatomica de I'endometriosi. Per a dur a terme I'estudi, les lesions van
ser categoritzades segons la classificacié Enzian.

En I'Estudi 2 es va trobar una associacié positiva significativa entre el dolor péelvic i la
preséncia d’adenomiosi (r = 0,468; p = 0,037), entre disquézia i hemorragia rectal (r =
0,461; p = 0,046), i disuria i hematuria (r = 0,532; p = 0,004). D'altra banda, es va
observar una clara tendéncia d’associacid entre la dismenorrea i la presencia
d’adenomiosi (r = 0,418; P = 0,080). Per altra banda, també es va trobar una abséncia
de correlacié entre els marcadors de dolor i els compartiments especifics afectats. A
més, es va dur a terme una analisi de regressié logistica multivariant realitzat per tal de
predir variables associades amb el dolor en la nostra serie. Entre les variables
estudiades, només I'adenomiosi va mostrar una associacio significativa amb el dolor
pelvic (OR 0,32; IC del 95%: 0,14-0,20; p: 0,02).

Gonzales et al. van trobar una correlacié entre I'adenomiosi i I'EP, sobretot en el recte i
colon sigmoide (59). Encara que del 30% al 50% de dones amb adenomiosi sén
asimptomatiques (38, 60-62), la forma greu de la malaltia sovint mostra simptomes
correlacionats amb la intensitat i la profunditat de les lesions (59). En el nostre estudi,
vam observar una correlacié estadisticament significativa entre el dolor pélvic i la
preséncia d’adenomiosi, d'acord amb els resultats préviament reportats (60, 63, 64).

En I'Estudi 2 vam confirmar histologicament el diagnostic de I'endometriosi en tots els
casos inclosos després de I'extirpacid quirdrgica dels implants. Aixd pot explicar les
diferéncies observades amb altres estudis. Publicacions anteriors han reportat una

associacio entre la semiologia del dolor i la localitzacié anatomica precisa (33-35); per
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tant, els simptomes de dolor s'han descrit com dolor que indica la ubicacié (34). No
obstant aix0, el diagnostic de la malaltia en aquests estudis presenta la gran limitacid de
no haver-se confirmat histologicament. Només en l'estudi realitzat per Vercellini et al.
presentava diagnostic histologic en el 72,9% del les pacients (35). Per altra banda, el
nostre Estudi 2 va descartar la possibilitat d'una relacio entre el dolor i el nombre dels
noduls de la malaltia; aquesta possibilitat ha estat avaluada en estudis anteriors amb
resultats inconsistents (65, 66). Finalment, el nostre estudi va veure que la preséncia
d’EO no es correlacionava amb la intensitat del dolor. Aquest resultat és coherent amb
les conclusions d'estudis anteriors en els quals I'EO no va contribuir al dolor cronic (67-
69).

La principal limitacié del nostre Estudi 2 va ser la mida de la mostra, que era petita des
d'un punt de vista biometric. Creiem, de nou, que aquest treball hauria de ser
considerat com un estudi preliminar destinat a estimular futurs treballs amb poténcia
adequada aixi com majors analisis multivariades que incloguin més factors predictors
d’EP i adenomiosi. Es considera Util proporcionar els resultats d'estudis ben dissenyats,
fins i tot els que tenen baixa poténcia, per encoratjar a altres investigadors a abordar
aquesta questio i proporcionar una base més gran per a una eventual revisio de petites
series de pacients per tal d'ajudar a clarificar les relacions entre la clinica i la malaltia.
Una altra limitacié de menor importancia va ser el fet que les dades relacionades amb la
preséncia d'adherencies annexials i la taxa de recurrencia del dolor després de la
cirurgia només estaven disponible en un petit grup de pacients.

Tot i que el diagnostic de sospita de la malaltia representa reptes importants, el seu

tractament comporta grans limitacions, i la recerca de nous farmacs que permetin
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evitar cirurgies o recidives és fonamental. Un farmac immunomodulador molt
prometedor pel tractament de I'endometriosi és la pentoxifil-lina que és un derivat de
la metilxantina que modula la produccié de citocines. Les dones amb endometriosi
presenten un augment de |'activacié de macrofags, i la supressioé d'aquesta resposta de
macrofags induida per la pentoxifil-lina sembla funcionar com un inhibidor de la
proliferacié cel-lular per I'endometriosi (45). Per tot aix0, en IUltim treball de recerca
(ESTUDI 3) es van avaluar els efectes de |'administracio oral de pentoxifil-lina sobre les
lesions d'endometriosi induides en un model heteroleg de ratolins.

Es va observar una disminucié dependent de la dosi en el nombre de lesions, encara
que les diferencies entre els grups no van assolir significacié estadistica (p = 0,065). El
volum mitja del teixit extret es va reduir significativament (p = 0,040). La quantificacid
histologica mitjancant la tincié de hematoxilina & eosina va revelar una disminucio
significativa en |'area mitjana de I'endometriosi entre els grups (Group 1, control; Group
2, pentoxifil-lina 100 mg/kg/dia; Group 3, pentoxifil-lina 200 mg/kg/dia.), sent observada
una major area mitjana en el Grup 1 (2,84 + 0,60 mm?), seguit pel Grup 2 (1,35 + 0,43
mm?), i essent la més petita en el Grup 3 (0,12 = 0,08 mm?; p = 0,001). La tincié amb
mAb (Mouse Monoclonal Antibody) de CD10 (Cluster of Differentiation 10) humana i
CK7 (Cytokeratine 7) va confirmar |'origen endometrial d'aquestes lesions. El tractament
amb pentoxifil-lina va reduir significativament la vascularitzacié dels implants
d’endometriosi. La densitat de microvasos calculats pel % de CD31 detectat en els
Grups 23 (18,13 +5,09i 6,22 + 2,91) va ser significativament menor que en el Grup 1
(26,20 + 6,94; p = 0,030) en el dia 28. Es va observar una reduccid estadisticament

significativa en els nivells peritoneals de les citocines proinflamatories IL-1B, I1L-6, TNF-3,
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i VEGF al comparar del Grup 1 amb els Grups 2 i 3. També es van observar diferencies
no estadisticament significatives per les citocines pro i antiinflamatories RANTES i IL-10,

respectivament.

Aquest estudi va demostrar |'eficacia de I'administracié oral de pentoxifil-lina com una
bona alternativa a les terapies actuals per l'endometriosi. La pentoxifil-lina no
interfereix amb la fertilitat, d'aquesta manera afavoreix el seu potencial com una bona
opcid terapeéutica per les pacients amb desig gestacional.

La pentoxifil-lina és una metilxantina, que actua com a inhibidor de la fosfodiesterasa.
Aquest medicament també pot reduir la produccid i I'accié de citocines com ara TNF-a,
per l'elevacié dels nivells d'AMP ciclic intracel-lular. Les dones amb endometriosi
semblen exhibir un augment de la resposta humoral, l'activacié de macrofags, i la
disminucid de la immunitat cel-lular, amb una disminucio de cél-lules T i la capacitat de
resposta de cél-lules NK. La supressid de la resposta de macrofags induida per la
pentoxifil-lina sembla funcionar com un inhibidor de la proliferacié cel-lular per
I'endometriosi (45).

La capacitat d'aquest farmac per reduir el creixement d'implants d’endometriosi esta
encara sota investigacio. Hi ha dos estudis realitzat en models homolegs de rates, en els
quals s’ha observat reduccié de I'endometriosi amb I'Us de la pentoxifil-lina. En aquests
models, els fragments autolegs de teixit endometrial es van implantar en els animals i la
pentoxifil-lina es va administrar a través d'injeccions subcutanies (56, 57).

L'avantatge d'un model heteroleg, és que el seu disseny compensa les nombroses
diferéncies fisiologiques entre I'endometri de ratoli i el seu homoleg huma (46). Tot i

qgue els ratolins nude tenen aplasia timica congénita que resulta en un sistema de
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limfocits T deficient, la secrecid de citocines relacionades amb aquests (per exemple,
L4, IL-5, IFN gamma) i la funcié de resposta dels limfocits T sobre la proliferacié dels
implants d’endometriosi no van ser els objectius principals d'aquest estudi. A més, la
majoria de les citocines es poden secretar a nivell local per altres cél-lules. Els principals
objectius de valoracid d'aquest estudi es van centrar en aquestes citocines secretades
localment, incloent IL-1B, IL-6 i TNF-a, que normalment estan implicades en
endometriosi.

Cal destacar que en I'Estudi 3 va ser la primera vegada que es va utilitzar una formula
de translacié de dosi aplicada en un model animal d’endometriosi per establir una
equivalencia de dosi oral d'aquest agent entre els éssers humans i els animals
experimentals. L'administracié oral és la via d'eleccid en els éssers humans, per aquest
motiu, 1'Us d’aquesta via en el nostre estudi el fa molt més transferible a possibles
futurs assajos clinics.

Alguns estudis previs mostren que l'establiment i desenvolupament de les lesions
d'endometriosi depenen de la formacié de vasos sanguinis per garantir el
subministrament d'oxigen i nutrients essencials (70, 71). En concordanca a aquests
estudis, els nostres resultats de I'Estudi 3 van suggerir que l'efecte de la pentoxifil-lina
sobre la vascularitzacid pot ser essencial per reduir la mida dels noduls, com
anteriorment s’ha postulat en molts estudis de cancer en humans (72).

Finalment, nivells elevats de moltes citocines han estat implicats en |'aparicid de
I'endometriosi, principalment IL-1, IL-2, IL-4, IL-6, IL-10, TNF-a, IFN-y i RANTES (73, 74).
Els resultats del nostre Estudi 3, d'una banda van mostrar una reduccio de les citocines

proinflamatories (IL-1B, IL-6, TNF-a) i esta en concordanca amb els efectes descrits
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anteriorment per la pentoxifil-lina (42, 75). D'altra banda, es va observar la reduccio
d’altres proteines proinflamatories (RANTES, VEGF). De fet, es va observar que valors
alts de citocines estaven relacionats amb la preséncia d'endometriosi, de forma similar
al que es va observar en estudis anteriors (18). Per altra part, els nivells de la citocina
antiinflamatoria IL-10 van ser elevats després del tractament; aquest fet podria ser
explicat pel seu paper en el control de la inflamacid (76). En general, els efectes
immunomoduladors de la pentoxifil-lina van ser demostrats.

Si bé el nostre Estudi 3 proporciona dades valuoses que suggereixen un efecte
beneficiés de la pentoxifil-lina, hi ha alguns inconvenients. En primer lloc, tota
I'experimentacié animal té una limitacié important en base a les diferencies entre la
fisiologia dels ratolins i els éssers humans, encara que I'Us d'un model heteroleg pot
reduir aquestes diferencies. A més, els ratolins no desenvolupen espontaniament
endometriosi i el sistema immune adaptatiu (perd no innat) d'aquests animals esta
compromes per evitar el rebuig de teixits. Finalment, els diferents teixits endometrials
gue provenen de diferents pacients poden ser una limitacié, perd aquesta és I'Unica
manera d'obtenir una mostra amplia. Per tal de minimitzar aquesta limitacio, els
ratolins amb teixit procedent de la mateixa pacient van ser assignats a l'atzar als
diferents grups de tractament, disminuint d’aquesta manera el possible biaix produit
per les caracteristiques especifiques de cada pacient.

Els nostres estudis ens permeten arribar a les conclusions que s’exposen a continuacio i
gue es corresponen amb els 4 objectius proposats en |"apartat corresponent d’aquesta

tesi doctoral (veure pagines 29 i 30).
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6. CONCLUSIONS | IMPLICACIONS CLINIQUES

1. Després de la investigacié realitzada, hem obtingut una equacio de prediccié d’EP
en pacients amb EO, basada en tres indicadors simples, accessibles i no invasius
que poden orientar als professionals a determinar la probabilitat d’EP. A més, I'Us
del nomograma ha de facilitar I'aplicacié per part dels metges generals o
ginecolegs menys qualificats en la seva practica diaria. Les dones que presentin
alt risc requeriran una exploracid6 més invasiva per tal de poder establir
I'estadificacié de la malaltia i poder realitzar un abordatge quirurgic d'un sol pas
per a l'eliminacié completa de la malaltia i per tant s’haura de valorar la seva

derivacié a centres especialitzats.

2. S’han obtingut més eines a I'hora d’orientar el diagnostic i I'extensid de la
malaltia. Els resultats obtinguts en el segon estudi ens indiquen que en
determinats casos és necessari valorar una possible adenomiosi associada i
aquesta pot ser sospitada prequirdrgicament per les caracteristiques del dolor
gue presenten les pacients. Per altra banda, el tipus de dolor ens proporciona
poca informacid per orientar la localitzacid anatomica de la malaltia. Per tant,
s’haura de valorar de forma acurada i individualitzada, la necessitat de

determinades proves diagnostiques.

3. S’ha demostrat la possibilitat d’ds dels immunomoduladors, en aquest cas la

pentoxifil-lina, en el tractament de la malaltia per reduir el nombre d’'implantsi la
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seva mida en un model animal. La pentoxifil-lina suposa una possible alternativa
als medicaments anovulatoris incompatibles amb la gestacié. Cal destacar dos
aspectes importants del nostre estudi que augmenten la probabilitat de
transferibilitat a la clinica i marquen una diferéncia respecte a estudis previs: I'Us
d’un model heteroleg on disminuim les possibles diferencies fisiologiques entre
I'endometri huma i el de ratoli que hi ha present en els models homolegs, donat
gue usem directament endometri huma; i el fet d’haver escollit la via oral com a

via d’administracio.

A més, amb l'efecte de la pentoxifil-lina, s’"ha avaluat i reforcat el paper important
de les citocines en el desenvolupament de la malaltia. Finalment, I'efecte
observat sobre la reduccié de la vascularitzacid, suggereix que aquesta també

juga un paper important en la reduccié dels implants endometrials.

Com a conseqtiencia de tot el que hem exposat i @ manera de conclusio general d’interés

clinic i practic, podem afirmar que, en global, hem contribuit a la millora en el diagnostic

de la malaltia, hem permés la sospita de forma prequirdrgica d’EP en pacients amb EQ i

hem posat de manifest la importancia de la sospita d’adenomiosi associada en pacients

amb endometriosi amb dolor. Per altra banda, hem obert nous horitzons en el tractament

de la mateixa i hem postulat la possibilitat d’us de la pentoxifil-lina com a farmac no

anovulatori per al tractament de la malaltia i per aconseguir reduir la mida dels implants.
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