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Resum

RESUM

Introduccid. La deteccio precog del cancer de mama s’ha visualitzat com la millor estratégia per millorar
el pronostic de la malaltia i disminuir-ne la mortalitat a llarg termini. Seguint les recomanacions del Consell
Europeu, molts paisos europeus han posat en marxa programes de caracter poblacional que ofereixen
majoritariament mamografies biennals, a les dones d’entre 50-69 anys. Tanmateix, els resultats sobre
I'efectivitat del cribratge en el context poblacional sén controvertits, apuntant a la possibilitat de que
I'impacte en la reducci6 de la mortalitat sigui menor del que generalment s’havia considerat i, en canvi, els
efectes adversos majors. En vista de 'actual controvérsia, aquesta tesi esta centrada en tres questions
que formen part del debat. Donat que I'estimacid dels beneficis del cribratge es basen en la comparacio
entre poblacio cribrada i no cribrada, s’han estudiat les taxes de deteccié de cancer de mama en dones
no cribrades, en una zona amb cribratge poblacional. Després, s’han explorat els cancers d'interval, que
son indicadors a curt termini de la qualitat dels programes i dels quals, fins ara, pocs treballs han aportat
dades referents al seu patré molecular i al seu prondstic. Finalment, s’ha estudiat I'impacte de I'is de la
mamografia digital sobre les taxes de reconvocatoria, centrant-se en els patrons radiologics i les

caracteristiques dels tumors.

Objectius. La tesi té com a principal objectiu aprofundir en I'avaluacio del cribratge poblacional del cancer
de mama, concretament i) estudiant I'impacte de la introduccié dels programes poblacionals de cribratge
en la detecci6 del cancer de mama en el conjunt de la poblacié diana; i) avaluant I'associacié entre la via
diagnostica (deteccio en el cribratge o en linterval entre mamografies) amb les caracteristiques i el
pronostic dels tumors; i iii) estudiant I'impacte del tipus de prova d'imatge sobre els indicadors de qualitat

del programa.

Métodes. S’han realitzat quatre treballs a partir de I'estudi de tres cohorts de dones participants al
cribratge a la ciutat de Barcelona, a Espanya, i a Dinamarca. Pel primer objectiu, s’estudiaren les taxes
d’incidéncia del cancer de mama en la poblaci6 diana de dues regions daneses, des de ['inici del primer
programa poblacional, I'any 1991, fins 'any 2008. Es recolliren els diagndstics de cancer de mama
realitzats en el context del cribratge, entre intervals de cribratge i en dones no participants (n=3.290,
n=1.257 i n=1.548, respectivament). Es calcularen les taxes en funcié de la via diagnostica i es
compararen els principals indicadors de cribratge i les caracteristiques dels tumors diagnosticats en les

dues zones estudiades.

Pel segon objectiu, s’estudiaren els cancers d'interval en la cohort de dones cribrades al programa de
I'Hospital del Mar de Barcelona entre els anys 1995-2008. Es dissenya un estudi cas-control per comparar

les caracteristiques bioldgiques dels cancers d'interval (n=115) i els cancers detectats en el cribratge
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(n=115). Es procedi a la classificacid radiologica dels cancers d'interval seguint les recomanacions
europees per diferenciar entre veritables cancers d'interval, tumors falsos negatius, tumors ocults i de
signes minims. Es compararen les caracteristiques cliniques al diagndstic, el perfil molecular i el paper de
la densitat mamaria entre els grups d’estudi. Es realitzaren analisis biavariades i multivariades per
estudiar les associacions entre les variables relacionades amb la dona i els tumors, entre grups d’estudi.
A partir de la mateixa cohort s'avalua la supervivéncia global i la supervivéncia lliure de malaltia en dones
amb cancers detectats en el cribratge (n=98), dones amb veritables cancers d'interval (n=34) i
s'incorporaren casos de dones amb tumors diagnosticats fora del cribratge (n=98). Es calcula la
supervivéncia global (a partir de la mortalitat) i la supervivéncia lliure de malaltia (basada en les
recaigudes) mitjangant corbes de Kaplan-Meier i posteriorment es realitzaren analisis de Cox ajustats per

variables clinico-patologiques.

Pel tercer objectiu, s'avalua I'impacte de la transici6 de la mamografia analogica a la digital a partir d’ una
cohort de 103.613 dones cribrades entre 1996 i 2007 en quatre programes poblacionals espanyols. Es
compararen els patrons radiologics i els valors predictius positius (VPP=cancers diagnosticats, entre el
total de dones reconvocades per proves complementaries) obtinguts en el periode analogic i digital.

També es compararen les caracteristiques dels tumors diagnosticats amb ambdues técniques.

Tant la gestié de les base de dades com I'analisi estadistica, es realitzaren amb el software SPSS (versio
12.0 i 18.0), i amb SAS (versi6 9.2). Per la generaci6 de grafics s'utilitza el paquet estadistic R (2.12.2).
En tots els treballs s'assumeix un error alfa del 5%, considerant aixi, valors p<0.05 estadisticament

significatius.

Resultats. i) La introduccié del cribratge poblacional en el context danés suposa un pic de prevalenga de
diagnostics de cancer de mama no només entre les dones participants en els programes (5.79 per 1000
persones-any a Copenhaguen i 4.47 a Fyn), sin6 també entre les no participants (4.23 i 5.93, a
Copenhaguen i Fyn, respectivament). A la zona de Fyn, la incidencia de cancer de mama en poblacié no
participant fou inclUs superior que en poblacié participant. Els programes de cribratge d’ambdues regions
presentaven diferéncies en els criteris d’elegibilitat de la poblacié diana i en el patrd de participacio. ii)
L'estudi dels cancers d'interval revela diferéncies cliniques i moleculars en comparar-los amb els tumors
detectats en el cribratge. A més, els cancers d'interval foren més freqlients entre dones amb elevada
densitat mamaria. Concretament, els veritables cancers d'interval presentaren una important associacio
amb el fenotip triple negatiu [OR= 8.85 (IC95%: 2.03-38.62)] i I'elevada densitat mamaria [OR=3.08
(IC95%: 1.03-9.24)]. Les dones amb veritables cancers d'interval presentaren un major risc de
recaigudes [HR=1.89; (IC95%: 0.67-5.31)] i de mortalitat [HR= 5.55 (IC95%: 1.61-19.15)], després
d'ajustar per variables clinico-patologiques. iii) EI VPP de la mamografia digital fou superior al de la

mamografia analdgica (7.0% vs. 5.5%, respectivament; p<0.001), especialment per les sospites per
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masses i calcificacions. Es detecta una lleugera tendéncia creixent en la deteccié de tumors in situ en el

periode digital.

Conclusions. i) Les dades procedents de dues zones daneses mostraren que la implementacio dels
programes poblacionals de deteccid preco¢ de cancer de mama resultd en un pic de prevalenga de
diagnostics de cancer de mama tant entre la poblacid participant als programes com entre la no
participant. Aixi mateix, mostraren com alguns indicadors de qualitat poden estar fortament influenciats
pels criteris d’elegibilitat. ii) Els veritables cancers d'interval s’associaren amb un perfil molecular agressiu
i amb I'elevada densitat mamaria. Aquests tumors també s’associaren amb una menor supervivéncia
global, després d’ajustar per variables clinico-patologiques. iii) La introduccié de la mamografia digital en
el context espanyol millora el valor predictiu positiu de la prova d'imatge i apunta a un augment de la

deteccid de tumors in situ.

Continuitat de la recerca. L'experiencia adquirida en I'estudi dels cancers d'interval fou clau per iniciar
un projecte a nivell nacional per I'estudi de les taxes i els determinants dels cancers d'interval, amb
informaci6 de més de 600.000 dones cribrades i de més de 1.000 cancers d'interval classificats
radiologicament (Estudi INCA). Aquest projecte també contemplava avaluar 'impacte de la introducci6 de
la mamografia digital en el nombre de cancers d'interval i de tumors falsos negatius. Recentment, s'ha
obtingut finangament per completar la informacié amb dades de seguiment clinic. Per altra banda, en
I'actual debat sobre el balang entre riscos i beneficis del cribratge i de continus canvis tecnologics, hi ha
una necessitat creixent de considerar noves estratégies de cribratge que, a igualtat de costos, permetin
millorar els resultats. En aquest context, les dades procedents de grans cohorts poden resultar de gran
utilitat per avaluar I'impacte de canvis en les actuals estratégies universals cap a daltres més

personalitzades, enfocades a maximitzar beneficis i disminuir efectes adversos en la poblacié participant.

1
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Presentacié

PRESENTACIO

El cancer de mama és el cancer més freqlient en dones en paisos occidentals, i la primera causa de mort
relacionada amb cancer entre les dones europees. El seu abast el converteix en un problema de salut
publica de primer nivell, pel qual s’han dedicat nombrosos esfor¢os per poder conéixer els determinants i
promoure estratégies que en permetin millorar el prondstic i aixi el seu impacte en la mortalitat. Els
resultats de diferents assajos clinics realitzats a la década dels 70-80, van posar de manifest que la
detecci6 precog del cancer de mama mitjangant la mamografia, permetia la deteccio en estadis precogos
de la malaltia, fet que representava una millora en el pronostic i una disminucié de la mortalitat. Aixi, al
llarg de les décades dels 80-90 i fins a I'actualitat, la majoria de paisos europeus han posat en marxa
programes amb diferents nivells d’organitzacié (oportunistics o poblacionals), per fomentar la deteccié
precog del cancer de mama. La gran majoria, ofereixen mamografies biennals a dones d'entre 50 i 69

anys.

Tanmateix, existeix certa controvéria pel que fa I'efectivitat del cribratge, especialment en el context
poblacional. Se n’han posat en dubte tant els benefis com els efectes adversos, argumentant que la
reduccio de mortalitat atribuible a la deteccié precog seria inferior a la que generalment es suposa, i que

ens canvi, els efectes adversos serien majors.

Aquesta tesi doctoral s'enmarca en la polemica actual sobre el cribratge, aprofundint en tres qiestions
que formen part del debat. Atés que I'estimacio dels beneficis es basa en la comparacié de poblacié no
cribrada i poblacio6 cribrada, ens hem centrat en I'estudi de les taxes de deteccid de cancer de mama en
dones no participants al cribratge, en una zona on s'ofereix cribratge a nivell poblacional. Posteriorment,
hem aprofundit en els cancers d'interval, indicadors de qualitat dels programes que a curt termini aporten
informacid sobre I'efectivitat del cribratge. Fins ara, relativament pocs treballs aporten dades sobre les
caracteristiques moleculars i evolucié clinica de les diferents categories de cancer d'interval. En dltim lloc,
hem estudiat l'impacte de la transici6 de la mamografia analogica a la digital sobre les taxes de
reconvocatoria dels programes de deteccid precog, centrant-nos en I'estudi dels patrons radiologics i les

caracteristiques del tumors.

Aquesta tesi, que es presenta com a compendi de publicacions, esta composta per quatre treballs que
pretenen visualitzar la complexitat de I'avaluacié, al mateix temps que donen respostes concretes i

inédites sobre alguns dels problemes descrits.

Els diferents treballs s’han realitzat en el Servei d’Epidemiologia i Avaluacié de I'Hospital del Mar-IMIM,
sota la direccié de la Dra. Maria Sala. Els estudis centrats en els cancers d'interval s’han pogut dur a

terme a partir de la informacié de dones cribrades al programa de detecci6 precog del cancer de mama de
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I'Hospital del Mar i tractades al mateix hospital. Aquest estudi es va iniciar amb finangcament del
CIBERESP, i posteriorment es va ampliar amb recursos propis de I'hospital. El treball centrat en I'impacte
de la introduccié de la mamografia digital en el valor predictiu de la prova i en les caracteristiques del
tumors detectats amb ambdues tecniques forma part d'un projecte finangat pel FIS (P107/90293) que,
agrupant informacié de quatre programes de cribratge espanyols, tenia com a objectiu principal avaluar
I'impacte de la introduccié d’aquesta nova técnica en la deteccid del cancer i I'especificitat de la prova. El
treball centrat en I'evolucié de les taxes de deteccid de cancer dins i fora del cribratge s’ha realitzat amb
dades de Dinamarca, i fou possible gracies a una beca atorgada pel CIBERESP, per optar a la mencio
europea del doctorat. Amb aquesta ajuda vaig poder fer una estada de tres mesos al Center of

Epidemiology and Screening, Department of Public Health, de la Universitat de Copenhaguen.

Personalment he estat directament implicada en el disseny i I'execucio dels quatre treballs. Cal remarcar
que en els treballs centrats en els cancers d'interval vaig participar activament en la fase de disseny,
treball de camp, analisi de dades i redaccio dels manuscrits. En els altres dos, la construccié de les bases
de dades formava part de diferents projectes i la meva participacié va ser en la concepcio del treball,

I'analisi estadistica, la discussio de resultats i la redaccié dels manuscrits.
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Introduccio

Frame i Carlson, I'any 1975 van apuntar quines eren les condicions necessaries que calia que es
complissin per aplicar proves de deteccid precog per una malaltia en concret. En primer lloc, que la
malaltia representés un problema de salut important, afectant de manera substancial en la qualitat i en
I'esperancga de vida. Segon, que es tractés d’'una malaltia amb una etapa inicial asimptomatica llarga i que
se’n conegués la seva historia natural. Tercer, que es disposés d’un tractament eficag i acceptat per la
poblacié en cas de detectar la malaltia en els seus estadis inicials. Quart, que existis una prova de
cribratge rapida, segura, facil de realitzar, amb una elevada sensibilitat i especificitat, alt valor predictiu
positiu i ben acceptada per metges i pacients. Cinque, que es tractés d’una prova de cribratge amb una
bona relacio cost-efectivitat. | finalment, que la deteccié precog de la malaltia i el seu tractament en el
periode asimptomatic disminuissin la morbiditat i la mortalitat de manera global o cadascuna d’elles per

separat',

El Consell Europeu recomana la detecci6 precog del cancer de mama, de cérvix i de colon, tumors amb
una incidéncia important a la poblacié®. A Espanya s'ofereixen el cribratge del cancer de mama amb
caracter poblacional i el de cérvix de manera oportunistica. El cribratge poblacional de cancer colorrectal
forma part de l'estratégia del Sistema Nacional de Salut i esta en fase d’extensié en la majoria de

comunitats autdbnomes®’.

Degut a la inexisténcia d'una prevencio primaria eficag, la deteccio precog del cancer de mama s’ha
visualitzat com la millor estratégia per millorar el pronéstic d’aquesta malaltia, esdevenint la malaltia
neoplasica amb una deteccid preco¢ més estesa arreu del mon, juntament amb una de les més
estudiades. Cada any milions de dones sén convidades als diferents programes i també cada any
apareixen nous avencos, tant clinics, tecnologics com terapéutics. Es imprescindible incorporar aquesta
complexitat quan es vol profunditzar en el coneixement de la malaltia i en el paper que hi juga la deteccid
precoc. A més, per oferir unes practiques de deteccié precog de qualitat i optimitzar el cribratge, es fa
necessari conéixer millor la historia natural de la malaltia. Incorporar aquesta informacié al cribratge, pot
ajudar a millorar-ne I'efectivitat i a definir estrategies que en maximitzin els beneficis i en redueixin els

efectes adversos.

La introduccio6 s'estructura en tres apartats. El primer, repassa conceptes generals referents al cancer de

mama. El segon, esta dedicat a la deteccié precog de la malaltia, i aprofundeix en el funcionament dels
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programes poblacionals de cribratge. Finalment, en el tercer apartat s’enumeren els principals reptes en

I'avaluacio del cribratge fent especial émfasi en els aspectes en els quals esta centrada la tesi.

1. El cancer de mama, un problema de salut publica de primer nivell

El cancer de mama és la principal causa de mort per cancer en dones8, al mateix temps que és una de les
neoplasies en que s’ha millorat més el pronostic al llarg de les ultimes décades. Si bé és cert que el risc
es veu modificat per diferents aspectes reproductius®, cap d’ells resulta Util per prevenir la malaltia. Aquest
fet, sumat a una historia natural de la malaltia amb una fase preclinica llarga i a una elevada prevalenga a
nivell poblacional, han contribuit a fer de la prevencié secundaria, és a dir, el diagnostic precog o
cribratge, la millor estratégia per millorar-ne el prondstic i, juntament amb la millora dels tractament,

reduir-ne la mortalitat drasticament.

A continuaci6 es repassen els aspectes generals de la malaltia, des de I'epidemiologia, factors de risc,

historia natural i biologia, fins a la seva deteccio, diagnostic i tractament.

1.1 Epidemiologia del cancer de mama
El cancer de mama representa, de lluny, el cancer més freqiient en dones a nivell mundial. S'estima que
I'any 2008 es van diagnosticar 1.38 milions de nous casos, fet que representa el 23% del total de cancers

diagnosticats, i es varen produir al voltant de 458,000 morts (el 14% de les morts per cancer)®.

A nivell mundial, perd, existeixen importants diferéncies al comparar les taxes entre paisos. Les més
elevades es troben a Nord América i Europa, especialment a les zones de I'oest i nord d’Europa, i les més

baixes en paisos asiatics® 101"

La incidéncia a nivell mundial ha experimentat una tendéncia creixent al llarg dels ultims 40 anys. Aquest
augment, especialment en les décades dels 80 i 90, ha estat explicat per la combinacié de diferents
factors entre els quals destaquen l'envelliment de la poblacid, canvis en aspectes reproductius i
hormonals, aixi com la major disponibilitat de serveis de deteccio precog i la millora de les técniques per
la detecci6 i registre dels casos de cancer8'213, Tot i aixi, a partir de I'any 2000, en diferents paisos, entre

ells Espanya, s’ha comengat a experimentar un descens de la incidéncia *4°,

També al llarg de les dues Ultimes décades, la mortalitat per cancer de mama ha disminuit
substancialment, especialment en els paisos desenvolupats, convertint-se en una de les malalties
oncologiques amb una major supervivencia, situada actualment per sobre del 80% als 5 anys®. Tot i que
les diferéncies entre paisos son considerables, entre 1989 i 2006 la mortalitat ha disminuit de mitjana un

19% en el context europeu?!, de manera especialment marcada en dones menors de 50 anys (-37%) i en
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el grup de 50-69 anys (-20%). Aquesta disminucié s’atribueix principalment a la millora dels tractaments, a
I'extensid de les practiques de detecci6 precog i a canvis organitzatius, especialment a la introduccié de

les unitats funcionals i al treball multidisciplinari als hospitals?.

Figura 1. Taxes d'incidéncia i mortalitat en diferents paisos, estandarditzades per edat segons la poblaci6

mundial.
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A nivell espanyol, cada any es diagnostiquen al voltant de 20.000 nous casos i es produeixen 6.000
morts™0. L’any 2008 la taxa d'incidéncia ajustada (utilitzant com a referencia la poblacié mundial) va ser de
61 casos nous per 100,000 dones i any, sent la mitjana de la Unié Europea de 77.1 casos nous per
100,000 dones i any. Espanya segueix sent un dels paisos europeus amb una menor incidéncia, tot i
haver experimentat un gran augment al llarg dels Ultims anys. En la mateixa linia, la taxa de mortalitat
també es troba per sota de la mitjana europea. A Espanya, la taxa de mortalitat ajustada I'any 2008
(utilitzant com a referéncia la poblacié mundial) va ser de 12.9 morts per 100,000 dones i any, i la mitjana

de la Unié Europea de 16.6 per 100,000 dones i any'®.

1.2 Factors de risc associats a la malaltia

Entre el 70 i el 80% dels cancers de mama apareixen en dones sense factors de risc explicables. Tan sols
entre un 5% i un 10% tenen un origen clarament genétic, relacionat amb els gens mutats BRCA1 i
BRCA22,
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L'edat, com en la majoria dels cancers, és un factor de risc important de cancer de mama. En general, les
taxes augmenten amb l'edat, especialment a partir dels 45-50 anys'0. A partir dels 50 anys, aquest
augment pronunciat de les taxes frena considerablement, fet que s'associa a I'arribada de la menopausa i

que apunta a la rellevancia dels factors reproductius i hormonals en I'etiologia de la malaltia.

A la Taula 1 queden resumits els principals factors de risc relacionats amb el cancer de mama, juntament

amb la direcci6 i la representacié de la magnitud de I'efecte, de manera aproximada.

Taula 1. Resum dels principals factors de risc associats amb el cancer de mama.

Factor de risc Direccio de I'efecte*
Mutacié dels gens BRCA1 0 BRCA2 ™
Historia familiar de cancer de mama en familiars de primer grau ™
Lesions benignes "
Elevada densitat mamaria "
Edat del primer naixement >30 anys vs. <20 anys "
Menopausa >54 anys vs. <45 anys "
Elevats nivells endogens d’estrogen "
Tractament hormonal substitutiu 1
Exposicié a radiacions M

Menarquia <12 anys vs. >14 anys
Consum d'alcohol (=1 beguda al dia)
Elevat index de massa corporal (post menopausa)
Elevat index de massa corporal (pre menopausa)
Tamoxifé
Estils de vida sedentaris
Raca blanca
Adaptat a partir d’Adami et al. Textbook of Cancer Eidemiology, 2002 i Warner. Clinical Practice. Breast cancer screening. N Engl J Med 2011;
365(11):1025-32.924,
*Les fletxes indiquen de manera simplificada la direcci6 i la magnitud de I'efecte: 1 indica que el factor augmenta el risc de manera moderada.
11 indica que el factor augmenta el risc de manera important. | indica que el factor disminueix el risc de cancer de mama.

> D> —— > > —

Entre els diferents factors de risc destaca la densitat mamaria?, per la importancia que ha anat guanyant
en els darrers anys. Diferents hipotesis i mecanismes biologics s’han proposat per explicar la relacié entre
I'elevada densitat mamaria i el risc de cancer de mama. Per una banda, s'atribueix a I'elevada densitat
mamaria un efecte emmascarador en la mamografia, dificultant la deteccié de tumors petits, i d’histologies
especialment lobulars que es presenten sense microcalcificacions?. Per altre banda, també s’ha observat
que I'associacié que es manté fins al cap de deu anys, fet que implica que diferents mecanismes biologics
podrien estar implicats en aquesta associacid, més enlla a I'efecte emmascarador®. Entre ells, s’ha descrit
una associacié amb els nivells d’estrogen i amb una major proporcié de factors de creixement de tipus
insulinics (IGF) en el teixit fibrés de la mama, que estimularia el desenvolupament de lesions benignes
existents?’. Actualment, hi ha nombrosos estudis enfocats a elucidar el paper de la densitat mamaria en el
risc de desenvolupar cancer, molts dels quals fan émfasis al potencial que pot tenir incorporar aquesta
variable en els models de prediccié de risc de cancer i en la personalitzacid del cribratge?. De fet,

recentment, en alguns estats dels Estats Units s’ha aprovat una llei que obliga als professionals a
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informar a les dones que tenen mames denses i advertir-les que aquest fet els hi augmenta la probabilitat

de desenvolupar un cancer (www.areyoudense.com).

1.3 Historia natural del cancer de mama

El cancer de mama és una malaltia heterogénia i complexa, amb diferents caracteristiques morfologiques,
bioldgiques, pronostiques i amb diferent resposta al tractament. Respecte al seu origen i
desenvolupament, existeixen diferents hipotesis. La més coneguda, el model de Wellings Jensen, postula
que el cancer de mama invasiu es desenvolupa a partir d'una lesid benigne de la mama, a partir de
I'acumulacié de multiples alteracions genétiques?%. Aquest model presenta una transicié progressiva des
de I'epiteli normal fins a la preséncia d’'un carcinoma invasiu, passant per diferents fases: lesions amb
hiperplasia no atipica, hiperplasia atipica, carcinoma in situ i carcinoma invasiu3'-3%. Alteracions
genetiques i epigenétiques detectades en la lesié benigne i identificades també en els tumors in situ i
invasius corroboren aquesta via, a més de I'augment del risc de desenvolupar cancer pels subtipus més
avangats3'3+3%, Tot i aixi, tan sols un percentatge de lesions benignes acaba evolucionant a tumor

invasiu, passant per les formes no invasives o in situ¥.

Figura 2. Esquema dels diferents models d’evoluci6 des de les cél-lules normals fins a un tumor invasiu.

Cél-lules . . . . .
. . Hiperplasia Carcinoma in Carcinoma
normals de la Hiperplasia g . . .
atipica situ invasiu
mama
Creixement Adhesio ., -
Expansi6 Invasi6
cel-lular cel.lular

Acumulaci6 d’alteracions genetiques i epigenétiques

temps

Adaptat a partir d’ Allred et al. Ductal carcinoma in situ and the emergence of diversity during breast cancer evolution. Clin Cancer
Res 2008;14:370-378%

El model lineal es basa en les hipdtesis de Wellings i Jensen que, de forma resumida, proposen una progressio aparentment
continua des de les cél-lules normals fins a desenvolupar in tumor invasiu, on al llarg de llargs periodes temporals s’acumularien
diferents alteracions. Per altre banda, diferents teories proposen que aquesta progressié no sempre es compleix, i en aquest cas
atribueixen a les alteracions genétiques i epigenétiques un rol més important, que en alguns casos implicarien la progressio de
cél-lules ‘normals’ a formes in situ i després invasives, sense la necessitat de transicionar al llarg de llargs periodes de temps per
totes les formes premalignes.
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Per altra banda, existeix certa evidéncia que no totes les lesions segueixen aquest model lineal.
Farabegoli et al.3 apunten que els carcinomes in situ sén precursors possibles dels tumors invasius, pero
no obligats. Postulen que alguns subtipus es desenvolupen a partir de 'evolucié de cel-lules progenitores,
i que posteriorment aquestes serien afectades per diferents mutacions. Les dues hipotesis son fruit de
multiples treballs i observacions, i donada I'elevada complexitat i heterogeneitat de la malaltia, no

semblen ser incompatibles.

Majoritariament, les formes in situ es diagnostiquen en dones asimptomatiques i prop del 80-90% a partir
de microcalcificacions detectades en la mamografia®. Aquestes microcalcificacions acostumen a alinear-
se al llarg dels conductes mamaris, a ser granulars i amb densitats irregulars®®. De totes maneres,
algunes formes benignes de patologia mamaria, com ['hiperplasia ductal, el carcinoma lobular in situ o

I'hiperplasia lobular atipica poden manifestar-se radiologicament de manera semblant*0.

L'interés respecte els carcinomes in situ ha crescut en paral-lel a la introduccio de la deteccié precogiala
millora de les técniques diagnostiques. S'estima que a mitjans del segle XX representaven al voltant de
I'1-2% de nous diagnostics, mentre que actualment suposen el 20-30%34'. Pel fet que no tots els
carcinomes in situ evolucionen a formes invasives, 'augment de la seva deteccié amb la introducci6 dels

programes poblacionals, preocupa pel possible sobrediagndstic que podrien representar.

1.4 L’heterogeneitat biologica del cancer de mama i els seus perfils moleculars

Els tumors de mama, més enlla de la diversitat histoldgica, mostren importants diferéncies a nivell genétic
i molecular que contribueixen en augmentar la seva I'heterogeneitat i complexitat. A I'any 2000, Perou &
Sorlie*2, van proposar una classificacié taxondmica basada en firmes d’expressié genética que va
permetre diferenciar els cancers en quatre subtipus moleculars: Luminal-like, normal-like, basal-like i
HER2-positiu. Aquesta classificacio es basa en I'origen de la cél-lula precursora del cancer a partir de les
diferents entitats que conformen l'epiteli mamari (cél-lules luminals o glandules secretores, cél-lules
basals o mioepitelials i cél-lules progenitores o stem cells). Aquests tres tipus cel-lulars tenen diferents
funcions, morfologia i caracteristiques dins la glandula mamaria i per definicié expressen immunofenotips

diferents.

Les técniques d'immunohistoquimica han permes traslladar els coneixements sobre la heterogeneitat
genética del cancer de mama a la practica clinica. Aquestes técniques es basen en reaccions
immunoenzimatiques que permeten visualitzar certes proteines presents a l'interior o a la superficie de les
cel-lules mitjangant el microscopi tradicional, de manera relativament senzilla i poc costosa. Principalment
es determina la preséncia de receptors d'estrogen (RE), receptors de progesterona (RP) i del factor de

creixement HER2. La combinacié d'aquests biomarcadors representa una bona aproximacié als diferents
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perfils d’expressié genética mitjangant la classificacio en fenotips moleculars, utilitzats en el dia a dia de

I'atenci6 oncoldgica ja que sén utils per valorar la possibilitat d’administrar tractaments neoadjuvants®.

La segient taula resumeix els principals fenotips, basats en la deteccid6 per técniques

d’'inmunohistoquimica de biomarcadors amb valor predictiu per cancer de mama“.

Taula 2. Definicié dels principals fenotips del cancer de mama, en funcidé de I'expressioé de receptors
d’estrogen, de progesterona i el factor de creixement HER2. Es resumeixen les principals caracteristiques

relacionades amb el pronostic i la resposta al tractament.

Fenotip Expressio biomarcadors  Caracteristiques principals Resposta a tractament
Luminal A RE+, RP+, HER2- Bon pronostic, baixa expressié de gens Elevada taxa de resposta a
de proliferacio. hormonoterapia.

No es beneficien de la
quimioterapia.

Luminal B RE+, RP-, HER2- Moderada/baixa expressi6 de RE i Es beneficien de
. major expressio de gens de proliferacié  I'hormonoterapia i la
RE+, RP+/-, HER2+ quimioterapia.

HER2 RE-, RP-, HER2+ Alta expressio de gens relacionats amb  Bona taxa de resposta al
I'amplificaci6 d’'HER2. Pitjor pronostic tractament amb I'anticos
que els subtipus Luminals monoclonal trastuzumab

(Herceptin®).

Elevada taxa de resposta a
quimioterapia  que inclogui
antraciclina i/o taxans.

Basal-like o RE-, RP-, HER2- Expressié de gens caracteristics de les  No respon ni a hormonoterapia ni
triple negatiu cél-lules epitelials basals. S'associen a  terapia amb anticossos.
la disfunci6 del BRCA i EGFR, amb
elevada taxa de proliferaci6 i mal
prondstic

Bona resposta a la quimioterapia.

*Basat en la classificacié de consens establerta 'any 201143, Goldhirsch et al. Strategies for subtypes—dealing with the diversity
of breast cancer: highlights of the St Gallen International. Ann Oncol 2011; 22: 1736-1747

Mitjangant les técniques immunohistoquimiques és possible detectar en les cél-lules tumorals I'expressid
de proteines o biomarcadors, que actualment no tenen aplicacio terapéutica o valor predictiu, perd si valor
pronostic. Es el cas de la preséncia de la proteina anomala p53 o el factor Ki67, dels quals se’n coneix el
mecanisme cel-lular, i a partir del qual se’'n deriva la seva interpretacié a nivell de prondstic. La proteina
p53 és un supressor tumoral que juga un paper important en I'apoptosi, en I'estabilitat gendmica i en la
inhibicié d’angiogénesis. En alguns casos, la proteina es veu alterada i deixa de ser funcional, perdent la
capacitat supressora tumoral i afavorint la progressi6 del tumor. El factor Ki67 és un antigen present a la
fase de divisid cellular, perd absent en la resta del cicle cellular, fet que el converteix en un bon

marcador de proliferacié tumoral. Actualment, existeixen nombrosos estudis centrats en la identificaci6 de
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biomarcadors cel-lulars, la majoria d’ells amb lobjectiu a llarg termini de trobar noves dianes

terapeutiques o identificar marcadors precogos de la malaltia*.

1.5 Detecci6 i diagnostic del cancer de mama

Generalment, el diagnostic d'un cas de cancer de mama és fruit de la combinacié de proves d'imatge i
proves addicionals, que permeten confirmar la malignitat de la sospita radiologica i al mateix temps oferir

informacid histoldgica i patoldgica per afinar el tractament.

Les proves d'imatge més utilitzades son la mamografia, 'ecografia i la ressonancia magnética, les quals
normalment es realitzen en combinaci6 amb una exploracié fisica que inclogui palpaci6. D'aquests

procediments el més important, el més especific i el més utilitzat és, sens dubte, la mamografia.

La mamografia és una prova d’imatge basada en rajos X que es realitza sobre la mama i que permet
reconeixer les lesions en una fase inicial, utilitzant una baixa dosi de radiacio i amb un cost acceptable. A
partir de la imatge mamografica, el radidleg és capag d'identificar certs signes radioldgics que seran
indicadors d’'una probable lesid, tant benigne com maligne. Els signes que més sovint s’associen amb
patologia mamaria son masses, distorsions, microcalcificacions i asimetries. Tot i aixi, la mamografia no
és una prova diagnostica, i per tant, davant una sospita de lesié maligne resulta imprescindible realitzar
proves complementaries per establir el diagnostic definitiu. Tradicionalment, s’ha utilitzat i encara s'utilitza
la mamografia analogica o convencional, amb sistemes de pantalla-pel-licula. Tanmateix, des de principis
de la década del 2000 s’ha anat introduint el mamograf digital, per les avantatges en la manipulacid,

definicio i emmagatzematge de les imatges*346.

L’ecografia mamaria és un meétode auxiliar que en algunes circumstancies pot arribar a esdevenir la
principal técnica de diagnostic per la imatge. La seva principal avantatge recau en la distincié entre la
naturalesa solida o cistica de les lesions nodulars identificades per mamografia. També resulta Util en
I'estudi de les mames amb un component glandular important, 0 mames denses* . Les altres técniques,
com la ressonancia magnética, tenen importancia en casos concrets com en el cribratge de pacients d’alt
risc, perd no s'utilitzen de rutina*®%0, Tanmateix, el seu ventall d'indicacions cada cop és més ampli i sén
especialment utilitzades en el seguiment de les lesions postquirirgiques aixi com en la valoracié de

I'extensid de les lesions que es realitza abans de recomanar o no el tractament conservador051,

Per arribar al diagnostic de certesa, pero, cal recorrer a técniques invasives que permetin accedir a una
mostra amb material bioldgic. Entre les més utilitzades destaca la bidpsia per puncié-aspiracié amb agulla
fina, o PAAF (en anglés, fine needle aspiration cytology, FNAC), les core-bidpsies o les bidpsies
quirargiques. La primera es tracta d’'una citologia a partir de la qual s’obté una mostra de teixit util per
determinar la preséncia de cél-lules malignes, perd sense conservar-ne la histologia; és possible realitzar-

la de manera ambulatoria fet que suposa una avantatge en termes assistencials. Les core-bidpsies sén
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bidpsies guiades per proves d'imatge, que es realitzen amb pistoles automatiques i que permeten obtenir
material biologic a partir del qual s’estableix el diagnostic definitiu. Finalment, la bidpsia quirirgica també
permet obtenir una mostra de teixit bioldgic per arribar al diagnostic definitiu, tractant-se en aquest cas

d’'una intervencié més agressiva.

1.6 Factors pronostic i factors predictius de la malaltia

Amb la mostra obtinguda a partir de les proves invasives, es realitza 'examen patologic per establir el
diagndstic final de cancer o descartar-lo. Davant d’'un diagnostic de cancer, es determinen diferents
parametres amb valor pronostic i predictiu que aporten informacié Util per la presa de decisions sobre el
maneig i el tractament de la malaltia. Els factors pronostic sén parametres determinats en el moment del
diagnostic o després de la cirurgia que s'associen amb I'evolucié clinica del tumor en abséncia de
tractament. En canvi, els factors predictius, aporten informacié sobre el grau de resposta a un tractament
especific per la malaltia. En el diagnostic del cancer de mama, els parametres que es determinen de

rutina son:

La histologia, a partir de I'aparenga del teixit tumoral. La majoria dels casos deriven de I'epiteli de les
cel-lules que formen els ductes o els lobuls mamaris; aquests cancers es classifiquen com a carcinomes
ductals o lobulars, respectivament, i representen més del 90% de diagnostics. Per altre banda, en funcid
de si existeix 0 no invasio del teixit que envolta les cél-lules cancerigenes, els carcinomes es classificaran
en formes invasives o in situ. El sistema internacional de classificacio de malaltia (International
Classification of Diseases for Oncology, ICD-O) es revisa periodicament i és el que s'utilitza per la

classificacio de la localitzaci6 i la morfologia dels tumors, entre ells de les mama.

El grau histologic dona informacié a partir de la comparacié de I'aparencga de les cel-lules cancerigenes
amb les céllules del teixit normal. Les cél-lules normals de la mama son céllules diferenciades, amb
funcions concretes. Els tumors poc diferenciats o dalt grau, s6n tumors més avangats, fet que s'associa
amb un pitjor pronostic. S'acostuma a utilitzar la classificaci6 segons Scarff-Bloom-Richardson
modificada%?, que agrupa els tumors en casos molt diferenciats (l), moderadament diferenciats (Il) o poc

diferenciats (Il).

L'afectaci6 dels ganglis limfatics continua sent el factor prondstic més important de la malaltia. Des de
la década del 2000 s’ha generalitzat I'is de la técnica del “gangli sentinella”, per determinar I'estat
ganglionar, fet que ha suposat un gran avang especialment en els casos poc avangats®. El gangli
sentinella és el primer nodul limfatic on les cél-lules tumorals arribarien en cas de disseminacio, i es
determina la seva afectacié mitjangant un radioisotop. En cas que el gangli sentinella sigui positiu, es
procedeix al buidament ganglionar de la regi6 axil-lar; quan és negatiu s’assumeix que la resta de ganglis

tampoc estan afectats i no es fa cap intervencio. La posada en practica d’aquesta técnica ha suposat un
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gran avang i ha permes evitar el buidament ganglionar en un percentatge molt important de cancers de
mama, contribuint a la millora de la qualitat de vida per les pacients, la disminuci6 de la morbiditat per

limfoedema i la reducci6 de costos pel sistema sanitaris.

L’estadi és també una classificacid internacional que es basa en la mida del tumor (T), I'afectacid
limfatica (N) i les metastasis (M) en el moment del diagnostic. La classificacio TNM es pot dur a terme en
base a I'estudi clinic o patoldgic de la pega tumoral, i segueix els criteris de la Unié Internacional pel
Control del Cancer (Union for International Cancer Control, UICC). Una mida gran, afectacié ganglionar i

preséncia de metastasis tindran estadis majors aixi com pitjor pronostic. Els principals estadis sén:
Estadi 0: formes pre-invasives o in situ.
Estadi 1-3: el tumor es troba localitzat a la mama o als ganglis limfatics regionals
Estadi 4: el cancer s’ha estés a diferent organs.

L’estatus de certs receptors a la superficie de les cél-lules tumorals és un altre parametre que es
determina rutinariament des de que hi ha terapies que actuen a aquest nivell. Generalment es determina

I'expressid de receptors d’estrogens, de progesterona i HER2.

1.7 Tractament del cancer de mama

El tractament del cancer de mama ha canviat considerablement al llarg de les Ultimes décades i de fet es
considera que la millora en les opcions terapéutiques aixi com els canvis en els models organitzatius per
abordar-la, sén factors que han contribuit d’'una manera significativa a la millora del prondstic de la

malaltia i a la reduccié de la mortalitat22.

Les principals estratégies terapéutiques son la cirurgia, la radioterapia, la quimioterapia, la
hormonoterapia i la terapia bioldgica o amb anticossos. En funcié de I'estadi en el qual s’ha diagnosticat el
cancer i la determinacio dels altres factors pronostic i predictius es decideix I'estratégia terapéutica, que

pot implicar utilitzar inicament algun dels esmentats tractaments o, normalment, estratégies combinades.

La cirurgia per I'excisié del tumor i del teixit sa que I'envolta, acostuma a ser el primer tractament. El tipus
de cirurgia, radical o conservadora, s'elegeix en funcié del tipus i 'abast del cancer. La cirurgia radical o
mastectomia es realitza en casos avangats de la malaltia i generalment s’acompanya de la reconstruccid
de la mama. Tanmateix, cada cop és més frequent la cirurgia conservadora en combinacié amb
radioterapia o quimioterapia postoperatoria, la qual cosa limita les recurréncies locals®. L'abast de la
cirurgia dependra del tipus i la grandaria del tumor, juntament amb la quantitat de teixit que ha de ser

extret i la mida de les mames.
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La radioterapia esta indicada principalment en els casos on s’ha realitzat cirurgia conservadora i,
mitjangant dosis controlades de radiacid, t¢ com a principal objectiu eliminar les cél-lules cancerigenes
que puguin quedar al teixit mamari. S’ha vist que millora el risc de recaiguda local, i en alguns casos

també la supervivéncia global®.

La quimioterapia implica I'administracié de farmacs citotoxics, per eliminar les cel-lules tumorals,
generalment després de la cirurgia. En aquest cas es denomina terapia adjuvant. En alguns casos, pero,
es realitzen sessions de quimioterapia abans de la cirurgia, per intentar disminuir la mida del tumor.
Aquesta practica s'anomena terapia neoadjuvant i s'acostuma a realitzar en casos de tumors de grans
dimensions. S'utilitzen diferents farmacs, I'eleccié dels quals es fa en funcié de les caracteristiques i €l
grau de disseminacid del cancer. La quimioterapia és la terapia d’eleccié en la majoria de casos
diagnosticats en estadis 2-4 i resulta especialment efectiva pels tumors ER-. Ciclofosfamida i
doxurubicina, ciclofosfamida, doxurubicina i docetaxel, o ciclofosfamida, metotrexat i fluorouracil, sén
algunes de les combinacions de farmacs més utilitzades. Totes elles, tenen associats importants efectes

adversos, com la pérdua temporal de cabell i trastorns digestius.

La terapia hormonal només és efectiva pels tumors RE+ ifo RP+. Amb el tractament hormonal s’espera
disminuir els nivells d’hormones circulants, i aixi interferir en el creixement tumoral. L'eleccié del
tractament també es fa en funcio de les caracteristiques dels tumors, alhora que es té en compte I'edat i
I'estat hormonal de les dones. Tot i que en alguns casos s’administra abans de la cirurgia per disminuir
les dimensions del tumor i facilitar la seva excisio, generalment s’administra com a terapia adjuvant en el
postoperatori. El tamoxifé impedeix la uni6 de I'estrogen al seu receptor de membrana, inhibint el seu
efecte sobre el creixament tumoral. Els inhibidors de I'aromatasa (anastrozol, exemestan i letrozol) actuen
bloguejant I'aromatasa, un enzim implicat en la produccié d’estrogens després de la menopausa. L'excisié
0 supressid ovarica només es fa en casos de dones premenopausiques (on es produeixen aquestes

hormones abans de la menopausa).

Els tumors que expressen el factor de creixement HER2, son susceptibles de beneficiar-se de la terapia
amb frastuzumab (Herceptin®). Aquest farmac és un anticds monoclonal, que es va comengar a
comercialitzar a partir de I'any 2004 i que ha demostrat millorar la supervivéncia lliure de malaltia dels
casos HER2+ i diagnosticats en estadis 1-3 fins a valors proxims al 87%%. Aquesta dada és especialment
rellevant ja que els tumors HER2+ representen al voltant del 25-30% dels cancers de mama. En abséncia
de tractament, la preséncia d’aquest factor s’associa a mal pronostic i a 'augment del risc de recaigudes,
ja que es tracta d'un factor de creixement que estimula la divisié cel-lular. Tot i aixi, es tracta d'un

medicament que requereix administracio parenteral i amb importants efectes adversos.
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2. Les practiques de cribratge poblacionals: posada en marxa, funcionament, efectes

adversos i indicadors de qualitat

La deteccid preco¢ del cancer de mama mitjangant mamografia t¢ com a principal objectiu reduir la
mortalitat global per aquesta malaltia a partir de la deteccié dels tumors en fases poc avangades. Per
assolir aquest objectiu de perspectiva poblacional, és un requisit indispensable aconseguir un amplia
participacid, fet que implica que un gran nombre de dones sanes se sotmetin periobdicament a examens
mamografics. Des d'una oOptica poblacional s’espera que la implementacio del cribratge es tradueixi a
mitja o llarg termini amb una disminuci6 de la mortalitat de la malaltia en la poblacio, encara que a nivell
individual no totes les dones participants es beneficiin directament de la participacid als programes
organitzats. Tot i les diferents estimacions, es calcula que per cada 1000 dones cribrades biennalment
durant 20 anys, entre els 50-51 i els 68-69 anys i seguides fins als 79 anys (el benefici de cribrar una
dona de 69 anys trigara uns anys a apareixer) es diagnosticaran 71 cancers de mama, s'evitaran entre 7 i
9 morts, es sobrediagnosticaran 4 tumors i 200 dones experimentaran un resultat fals positiu®.
Tanmateix, el recent informe Marmot, dut a terme per un panell independent on s’han avaluat els riscos i
beneficis del cribratge, conclou que cada mort per cancer evitada, haura suposat el sobrediagnostic de 3

tumors?®.

Els segients punts resumeixen aspectes clau de les practiques poblacionals de cribratge del cancer de
mama. Es repassa I'evidéncia que en justifica el seu desplegament en base dels beneficis del cribratge i
I'abast actual en el context europeu. També es descriuen els efectes adversos i els principals indicadors
recomanats per l'avaluacidé dels programes i finalment es repassen les controversies que actualment

envolten les practiques de cribratge.

2.1 Evidéncia i desplegament dels programes de deteccié preco¢ a Europa i Espanya

La implementaci6 de programes poblacionals de cribratge arreu d’Europa es va fer en base als resultats
de diversos assajos aleatoritzats i controlats realitzats en diferents contextos: Nova York (EUA)%,
Canada®®, Malmé (Suécia)®!, Estocolm (Suécia)®2, Géteborg (Suécia)é®, Edimburg (Regne Unit)®4. Malgrat
que alguns han estat quiestionats metodologicament (basicament pels criteris d’aleatoritzacid) en global,
els resultats dels assajos demostraren una reduccié de la mortalitat en dones participants d’entre 50-69
anys, variable entre un 15% i 35%, segons I'edat, els anys de seguiment, el nombre de dones participants

i la periodicitat de la mamografia” 6566,

Al llarg de la década de 1990, la majoria de societats cientifiques comengaren a recomanar el cribratge
mamografic per la deteccié precog del cancer de mama, i nombrosos paisos posaren progressivament en

marxa programes d’'abast poblacional®”. Actualment, el Consell Europeu recomana el cribratge
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poblacional del cancer de mama a les dones d’entre 50-69 anys, i que els programes segueixin els
estandards establerts per les “Guies Europees de Garantia de Qualitat en el Cribratge de Cancer de

Mama™68.69,

L’any 2007, 26 dels 27 estats membres de la Unié Europea tenien programes per la prevencié de cancer
de mama, la majoria dels quals d’abast poblacional (Alemanya, Austria, Bélgica, Dinamarca, Eslovénia,
Espanya, Estonia, Finlandia, Franga, Hongria, Irlanda, Italia, Holanda, Luxemburg, Malta, Polonia,
Portugal, Republica Txeca, Regne Unit, Romania i Xipre). En tan sols 11 paisos, pero, el desplegament
del cribratge era complert a nivell de tot el pais. Tot plegat suposa que a la Unié Europea prop de 59
milions de dones es troben en I'edat diana segons les recomanacions i d’aquestes, el 41% viuen en

paisos amb cobertura total, i el 44% en paisos amb cobertura parcial™.

També val a dir, que tot i 'existéncia de les guies, que tenen l'objectiu d'uniformitzar les practiques de
cribratge, existeixen diferéncies organitzatives. El major consens es troba en la periodicitat del cribratge
que és de 2 anys a tots els paisos, excepte al Regne Unit i a Malta que és de 3 anys. Respecte I'edat de
la poblacié diana, si bé la majoria cobreixen el rang recomanat (12 paisos, 50-69 anys), existeixen alguns
casos on el rang d’edat és menor (50-59 anys, 50-65 anys) o inclus superior (45-69 anys, 40-70 anys). La
majoria de diferéncies entre programes, perd, recauen en els criteris d'elegibilitat i en el protocol de les

practiques de cribratge.

Taula 3. Recomanacions per la realitzacié del cribratge mamografic a dones de risc intermedi per part de

les principals agéncies internacionals

Any publicacio

Organitzacio guies Recomanacions sobre grups d’edat i periodicitat
European Comission 2006 Edat 50-69 anys, cada 2 anys
IARC 2002 Edat 50-69 anys, cada 2 anys

Edat 50-74 anys, cada 2 anys;

US Preventive Task Force 2009 Edat 4049 i 275 anys, individualitzar la decisi6
(recomanen cada 2 anys, en cas de realitzar-se)

American Cancer Society 2010 Edat 240 anys, cada any
National Cancer Institute 2010 Edat 240 anys, cada 1-2 anys

Edat 50-69 anys, cada 1-2 anys;
Canadian Task Force on Preventive 1998-2001
Health Care : Edat 40-49 anys individualitzar la decisi6 (recomanen cada

102 anys, en cas de realitzar-se)

National Health Service United

Kingdom 2011 Edat 47-73 anys, cada 3 anys

Recopilaci6 personal
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L’extensio6 del cribratge a Espanya i Catalunya

A Espanya, I'any 1990 es va posar en marxa a Navarra el primer programa de deteccié precog de cancer
de mama. Des de llavors i gradualment s’han anat iniciant a la resta de Comunitats Autonomes fins
arribar 'any 2006 a la cobertura total de la poblaci6 diana. A Catalunya, el primer programa fou el de
I'Hospital del Mar, a Barcelona, que s'inicia I'any 1995 i que actualment convoca cada dos anys a més de
34.000 dones.

L'organitzaci6 dels diferents programes depén de les comunitats autonomes i es coordinen a través de la
Red de Programas de Cribado (http://lwww.programascancerdemama.org)’!. Els responsables dels
programes €s reuneixen anualment, i posen en comu els resultats d'indicadors relacionats amb
I'organitzacio, els recursos i altres elements destinats a garantir la seva qualitat a partir de I'avaluacié

especifica i conjunta dels programes.

Tots els programes utilitzen la mamografia biennal com a prova de cribratge. El grup d’edat de la poblacio
diana és de 50 a 64 anys, perd la majoria de programes han optat per ampliar-lo fins al 69 anys; en 6
comunitats autonomes també s'inclou el grup de 45 a 49 anys. No obstant, continuen existint algunes
diferéncies importants, especialment en el métode de lectura, simple o doble’. Pel que fa al tipus de
mamografia, des de I'any 2000, alguns programes han optat per substituir els mamografs analogics
convencionals per mamografs digitals. Actualment, en 9 comunitats autdnomes s’ha introduit total o
parcialment la mamografia digital, i es preveu que aquesta técnica es vagi estenent a tots els

programes’!.

2.2 Efectes adversos de la deteccié precog

La posada en marxa dels programes de deteccio precog porta implicit que la poblacié participant, és a dir,
poblacié ‘sana’, pugui experimentar certs efectes adversos. Es ben sabut que no totes les dones es
beneficien per igual del fet de participar al cribratge. A la majoria de dones participants, no se’ls hi
diagnosticara cap tumor al llarg de la seva historia de cribratge, perd és probable que pateixin algun dels

efectes adversos que se’n deriven.

Existeixen cinc efectes adversos associats al cribratge mamografic, de diferent abast, freqiiéncia i
conseqiiencies’? 1) la radiacio associada a la mamografia; 2) el dolor causat per la prova; 3) les
consequencies cliniques, psicoldgiques i sobre el comportament envers el programa després
d’experimentar un resultat fals positiu; 4) la falsa sensacié de seguretat i el retras diagnostic associat als
resultats falsos negatius; i, 5) el risc de sobrediagnostic i sobretractament de lesions que en absencia de

cribratge mai haurien estat diagnosticades.

L'efecte de la radiacioé i el dolor que comporta el fet de realitzar la mamografia sén els efectes adversos

més lleus, tot i ser al mateix temps els més freqlients. En el cas de la radiacio, no s’han realitzat treballs
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que especificament avaluin el risc de cancer associat a la radiacié de la mamografia. Si que existeixen
alguns resultats provinents d’estudis observacionals, els quals descriuen un possible augment del risc,
proporcional a la dosi de radiacié i al nombre d’exposicions’. Tot i aixi, és important subratllar que fora de
del cribratge poblacional organitzat les dones sovint es realitzen més examens mamografics en I'ambit de
la sanitat privada, ja sigui abans o després de I'edat recomanada o bé entre els intervals de cribratge.

Aquest fet, dbviament augmentara la dosi de radiacio rebuda al llarg de la vida.

Els treballs centrats en el dolor associat a la mamografia, troben resultats variats, que van des del 28% al
77% de dones que reporten haver sofert dolor durant la realitzacié de la mamografia’2. Aquesta variabilitat
de resultats en part s'atribueix a la subjectivitat de la mesura, perd també a les diferéncies que s’han
detectat en funcié de la fase del cicle menstrual, o a I'ansietat. Es important remarcar que els treballs que
estudien l'efecte que pot tenir el dolor en el retorn al cribratge, mostren que poques dones deixaran de

realitzar-se mamografies per aquest motiu7,

Els resultats falsos positius apareixen quan davant d’'una sospita mamografica es recomanen proves
addicionals (altres proves d'imatge no invasives, o proves que impliquin algun procediment invasiu) i el
resultat d’aquestes acaba descartant el diagnostic d'un cancer. Les Guies Europees recomanen que el
percentatge de dones reconvocades per exploracions addicionals no superi el 7% en cribratges inicials i
del 5% en cribratges successius®. S'estima que el risc acumulat de presentar com a minim un resultat
fals positiu al llarg de la historia de cribratge en el context europeu, és del 19.7%™. Concretament a
Espanya, el risc acumulat de fals positiu és del 20.4% (95%IC: 20.0-20.8), i varia entre el 51.4% i el 7.5%
en funcio6 dels perfils de risc de les dones™. Els resultats falsos positius s'associen amb estrés psicologic i
angoixa davant un possible diagnostic de cancer’™®. Per altre banda, en el context espanyol s’ha
comprovat que les dones que han experimentat un resultat fals positiu sén menys adherents al
programa’’"8, tot i que en d’altres contextos I'efecte sobre la participacié en seguents invitacions no es
veu modificat’™, o inclus augmenta®. El caracter poblacional del cribratge fa que, en valors absoluts, el
nombre de falsos positius sigui I'efecte advers amb un major impacte tant sobre el volum de dones a les

quals pot arribar a afectar com als recursos i la carrega assistencial que suposen.

Per altre banda, I'existéncia de casos falsos negatius disminueix el nombre de cancers detectats
precogcment i per tant, afecta I'efectivitat del programa de cribratge i el seu potencial en la reducci6 de la
mortalitat basat en la deteccié precog. A més, un resultat negatiu en el cribratge pot produir una falsa

sensacio de seguretat a les dones, que les faci estar menys alerta a possibles signes de la malaltia.

Per determinar els casos falsos negatius, és necessari préviament conéixer els cancers d'interval. Segons
les Guies Europees, els cancers d'interval son els cancers de mama que apareixen després d’un episodi
de cribratge negatiu, que pot incloure o no valoracions addicionals, i abans de la seglent invitacio al
programa®. Aquesta definicié queda subjecte a la periodicitat de la prova, a més d’estar influenciada per

la disponibilitat de les dades de diagnostics de cancer realitzats fora del circuit del cribratge. Aixi, es tracta
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d’'una definicié amb mdiltiples limitacions, pero tanmateix molt Util per I'obtencié d'indicadors que a curt

termini aporten informacié sobre I'efectivitat del cribratge.

En el context europeu, els cancers d'interval suposen al voltant del 20-30% de cancers diagnosticats en
dones participants en el cribratge®'. Les guies utilitzen el valor de la incidéncia proporcional de cancer
d'interval (proporcié de cancers d'interval respecte la taxa d'incidéncia basal de cancer de mama) per
establir els criteris de qualitat i els valors de referéncia. Els nivells desitjables s’han de situar per sota del
50% durant el primer any i per sota del 30% al llarg del segon any®°. Per altra banda, recomanen que els

falsos negatius no representin més del 20% del total de cancers d'interval.

Per la identificaci dels cancers d'interval és imprescindible conéixer els casos incidents de cancer de
mama en la poblacié diana. Aquest procés requereix el creuament de les dades del programa (dones
participants) amb registres que permetin identificar els cancers de mama diagnosticats fora del circuit de
cribratge, tant en sanitat publica com privada. La font de dades d’eleccid sén els registres de cancers
poblacionals, perd en aquelles zones on no n'hi hagi cal recorrer a altres fonts, com els registres de

tumors hospitalaris, el conjunt minim de dades hospitalaries (CMBD-H) o registres dels propis programes.

Un cop identificats, el segient repte és classificar-los radioldgicament a partir de la revisié de la
mamografia de cribratge immediatament anterior al diagndstic i la propia mamografia del diagndstic.
Aquest procés de revisid, I'han de realitzar radidlegs amb experiéncia i seguint una metodologia

consensuada. Finalment, els cancers d'interval es poden classificar radioldgicament en cinc categories®®:

- Veritables cancers d'interval: tumors que no eren visibles en I'anterior mamografia de cribratge, i

en canvi ho son en la mamografia diagndstica.
- Tumors ocults: son tumors invisibles tant en la mamografia de cribratge com en la diagnostica.

- Signes minims: aquells tumors que tot i ser visibles a la mamografia diagnostica, tan sols

presentaven signes minims de sospita en la mamografia de cribratge.

- Falsos negatius: tumors que eren clarament visibles en la mamografia de cribratge. Es poden
subclassificar en: 1) errors d'interpretacié radiologica, o 2) errors técnics, en cas que una
mamografia de qualitat deficient per mala posicié o mala qualitat técnica pugui haver contribuit a

la no identificacio del cancer.

- Inclassificables: en aquells casos on no es disposi de la mamografia de cribratge i/o la
mamografia del diagnostic i que per tant, no es pugui classificar en cap de les categories

anteriors.

Els diferents subtipus, perd, conformen un grup heterogeni, tant per la seva propia definicié com des d'un
punt de vista biologic. Mentre els falsos negatius son majoritariament deguts a errors d'interpretacio, els

veritables cancers d'interval -que representen prop de la meitat dels cancers d’interval- semblen ser
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tumors amb caracteristiques biologiques que els fan menys susceptibles a ser detectats amb
mamografies biennals. Tanmateix, tot i linterés global d’aconseguir disminuir el nombre de cancers
d'interval, es fa necessari coneixer I'heterogeneitat dels subtipus i factors de risc especifics per definir

estratégies de millora.

Finalment, el sobrediagnostic es defineix com la deteccid de tumors en el cribratge, que sense
I'existéncia d’aquest mai haguessin donat simptomatologia al llarg de la vida de la dona82. Alguns casos
s'atribueixen al diagnostic de tumors que haguessin restat asimptomatics al llarg de la vida de la dona;
altres casos esdevenen sobrediagnostic tot i ser tumors detectats precogment, pel fet de que la dona es
mor d'altres causes abans de que els tumors haguessin desenvolupat simptomes en abséncia de
cribratge. Per tant, en ambdues situacions les dones sofreixen els efectes adversos del cribratge i del
tractament de la malaltia, sense oportunitat de beneficiar-se'n. Per l'impacte emocional i del propi
tractament, es considera I'efecte advers més greu atribuit a la deteccié precog. Tot i aixi, com que avui en
dia no és possible saber quins casos son els sobrediagnosticats, aquest efecte es converteix en quelcom
teoric i que inclus pot portar a situacions paradoxals, tal i com apunten Raffle & Gray® en descriure’l com
la “paradoxa de la popularitat’. Contra major sigui I'efecte del sobrediagndstic, més persones creuran que

han estat beneficiades per les practiques de cribratge.

El nombre de casos sobrediagnosticats tan sols es podra estimar de manera ‘tedrica’ a nivell poblacional
a partir de les dades recollides durant els anys que s’ha realitzat el cribratge. Existeixen un gran nombre
d’aproximacions matematiques, sense que hi hagi un unic métode pel seu calcul. Aixo implica que els
resultats variin enormement, i que siguin susceptibles a interpretacions esbiaixades. Les estimacions van
des de I'1%83 al 50%858. Un recent treball de revisié que estudia els resultats publicats en el context
europeu, considerant només aquells que tenen en compte la incidéncia basal de cancer de mama
esperada en abséncia de cribratge, juntament amb el control del biaix de durada (veure pag. 40), situa el
sobrediagndstic en els programes d’Europa entre I'1 i el 10%8. També recentment, I'informe Marmot

estima que el 19% de tumors diagnosticats al cribratge sén sobrediagnosticss.
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Figura 3.Esquema dels riscos i beneficis associats a la mamografia de cribratge.
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Adaptat d’Armstrong K, Moye E, Williams S, Berlin JA, Reynolds EE. Screening mammography in women 40 to 49 years of age: a
systematic review for the American College of Physicians. Ann Intern Med. 2007;146(7):516-26. Review’2.

Les caselles amb el fons gris clar, indiquen els efectes adversos que s'atribueixen al cribratge i les de color gris més fosc, els
beneficis.

2.3 Indicadors recomanats per I'avaluaci6 del cribratge poblacional

La complexa organitzacio dels programes de cribratge de cancer de mama, tant des d’un punt de vista
administratiu, com multidisciplinari i assistencial, requereix una continua avaluacioé que garanteixi que es
compleixen els estandards de qualitat recomanats a nivell internacional. L'éxit del cribratge de cancer de
mama depend tant dels propis resultats dels programes i el seu impacte en la salut de la poblacié, com de

la seva organitzacio, implementacid, execucid i acceptabilitat.

A nivell organitzatiu resulta fonamental disposar de fonts d'informacié de qualitat a I'hora d’identificar la
poblacié diana i utilitzar sistemes eficagos d'invitacio. Per altre banda, també és imprescindible disposar
de serveis de diagnostic i de tractament amb capacitat per donar serveix a la poblacié coberta pel
programa. Finalment, les guies insisteixen en la importancia de fomentar la maxima participacié entre la

poblacié diana®®.

L’objectiu de reduir la morbiditat i la mortalitat per cancer de mama, s'assoleix a llarg termini, i tan sols
sera possible de corroborar anys o inclus decades després de la implementacié del cribratge. No obstant,
les guies europees defineixen diferents indicadors de qualitat que a curt termini ofereixen informacid
necessaria per garantir l'efectivitat dels programes. Aixi mateix, en la majoria de casos n'estableixen
valors de referencia, els quals permeten als programes avaluar diferents aspectes i conéixer els punts on

cal centrar esforgos per millorar-ne la qualitat.
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Els principals indicadors predictius de la capacitat del programa per produir un impacte en la poblacié en

termes de reduccio de mortalitat son:

- Participaci6 _global: Percentatge de dones a les quals se'ls realitza 'exploracid del cribratge,

d’entre el total de dones convidades.

- Cobertura: Percentatge de la poblacié diana que es realitza mamografies periddiques de

cribratge, contemplant també les mamografies realitzades fora del programa.

- Adheréncia: Percentatge de dones que sdn explorades en una ronda de cribratge d’entre el total

que participaren en I'anterior i tornen a ser convidades.
Com a indicadors referents a la patologia detectada i les seves caracteristiques, destaquen:

- Taxa de deteccio: Proporci6 de dones entre les quals es confirma mitjangant I'estudi

anatomopatologic un cancer de mama, respecte el total de dones que s’han realitzat una

mamografia de cribratge.

- Caracteristigues dels tumors detectats: per exemple, el percentatge de tumors intraductals d’entre

el total de cancers detectats, el percentatge de cancers invasius amb una mida superior als
10mm, o el percentatge de tumors invasius sense invasid ganglionar d’entre el total de cancers

detectats.
Com a indicadors del procés i la qualitat del cribratge, en destaquen:

- La sensibilitat: la capacitat de detectar el tumor quan aquest hi és present, o la ratio de cancers
de mama correctament identificats en el cribratge (veritables positius) sobre el total de cancers

identificats en el cribratge i no identificats en el cribratge (veritables positius i cancers d'interval).

La sensibilitat dels programes es calcula a partir del total de cancers d'interval. En canvi, quan es vol
conéixer la sensibilitat de la prova, s'utilitza el nombre de falsos negatius. En els valors de refereéncia de
les guies europees no s'especifica la sensibilitat tot i que es reconeixen els cancers d'interval com un
indicador valid de la sensibilitat del cribratge®. La majoria de treballs que estudien la sensibilitat del

cribratge, reporten valors entre el 65 i 85% 8'.

- L'especificitat: és la capacitat del test de donar un valor negatiu quan no hi ha cap tumor, o la
ratio d'individus que, en efecte, no tenen la malaltia (veritables negatius), d’entre el total que han

estat identificats com a negatius en el procés de cribratge (veritables negatius i falsos positius).

Per poder tenir un estimador absolutament correcte de I'especificitat, caldria seguir a tots aquells casos
amb resultat negatiu per descartar els possibles errors i provar la seva negativitat. S'utilitza, pero, el
nombre de falsos positius, que es calcula a partir dels casos de dones reconvocades (per existir alguna
sospita en la mamografia de cribratge) on es descarta el diagnostic de cancer. Aixi, pel calcul de

I'especificitat, s'acostumen a utilitzar les dades directes del procés de cribratge (resultats negatius i
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resultats falsos positius). En general, els valors de I'especificat dels programes es situen entre el 94%-
97%8".

- Valor predictiu positiu: és la probabilitat que un individu presenti la malaltia quan el resultat de la

prova és positiu (veritables positius), és a dir, el nombre de cancers detectats sobre el total de
dones amb mamografies positives i amb valoracions addicionals (veritables positius i falsos

positius).

Per l'avaluacio6 del cribratge resulta de gran importancia trobar el balang entre sensibilitat i especificitat,
per tal de poder assolir una ratio acceptable de casos veritables positius i falsos positius. Les guies
europees recomanen que per aconseguir un augment dels beneficis (reduccio de falsos negatius) i una
disminucié de la carrega social i psicologica (reduccié de falsos positius) cal posar en practica un rigords
control de qualitat, la capacitaci6 sistematica del personal de salut i el seguiment de les dones, juntament

amb l'avaluacié anual de resultats del cribratge.
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3. Reptes i dificultats en I'avaluacié del cribratge poblacional del cancer de mama

Per estimar I'efectivitat del cribratge de manera fiable, és necessari realitzar estudis en el marc dels
assajos clinics aleatoritzats i, posteriorment, en el context poblacional. S’han realitzat nombrosos treballs,
avaluacions, revisions sistematiques i metanalisis i, en general, tots ells mostren grans controvérsies
respecte a l'efectivitat del cribratge. Aquestes controvérsies, en part s'expliquen per les diferents
estratégies utilitzades en els estudis i a la gran diversitat de politiques de cribratge existents en els

diferents paisos8&9!,

A aquesta situacio, cal sumar-hi certs reptes metodologics dels estudis realitzats en el marc del cribratge
mamografic. En primer lloc, degut a que el cancer de mama és una malaltia de progressié lenta, es
necessiten llargs periodes temporals per verificar la disminucié de la mortalitat atribuible a la intervencié.
En segon lloc, cal incorporar la informacio dels efectes adversos derivats del cribratge. | finalment, cal
tenir present que el context on es desenvolupa el cribratge és canviant i resulta imprescindible disposar
d’una evidéncia cientifica actualitzada. Concretament en el cas concret del cancer de mama, els canvis

técnics i en el tractament de la malaltia al llarg dels Ultims anys han estat de gran rellevancia.

Els seglients apartats desenvolupen aquests punts, fent émfasi en els aspectes més controvertits del
cribratge. Al seu temps, aquestes sén algunes de les giiestions en les quals s'emmarquen els treballs que

conformen la tesi.

3.1 El qiiestionament del cribratge amb les actuals estratégies

La publicacié I'any 2000 a la revista The Lancet d'un metanalisi que posava en dubte la reducci6 de la
mortalitat atribuida al cribratge en base als resultat dels assajos clinics, és considerat per molts el punt
d'inflexié a partir del qual s’ha posat sobre |a taula la idoneitat del cribratge del cancer de mama amb les
actuals estrategies. En aquest metanalisi, realitzat per el Nordic Cochrane Centre i firmat per dos autors
danesos®, es revisaven les dades de set assajos clinics, cinc dels quals els autors consideraven
metodoldgicament inacceptables, basicament per una inadequada aleatoritzaci6. Amb les dades
procedents dels dos assajos més robustos (Canada i Malmg), concloien que no es podia demostrar la
reducci6 de la mortalitat per cancer de mama atribuida al cribratge. Peter Gatzsche, en el mencionat
treball i en segiients publicacions, posa en questid una possible sobreestimacié dels beneficis del
cribratge i una subestimacié dels efectes adversos (especialment el sobrediagnostic) i critica la informacid

que es fa arribar a les dones, massa esbiaixada segons ell, a favor del cribratge®.

Els capitols més recents d'aquest intens debat es troben en la publicacié d’'un monografic de la revista
Journal Medical Screening®®, juntament amb I'Informe Marmot comentat anteriorment’. Ambdés

treballs, conclouen, amb matisos, que amb I'evidéncia actual el cribratge de cancer de mama continua
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sent recomanable i que els beneficis del cribratge justifiquen els efectes adversos que s’hi associen. En el
primer cas es revisen sistematicament les dades de multiples estudis observacionals realitzats en el
context europeu que avaluen tant els beneficis dels cribratge com els efectes adversos. Descriuen un
25%-31% de reduccio de la mortalitat, un 17% de risc de presentar un resultat fals positiu i un 6.5% de
sobrediagndstic’”. EI monografic, perd, no inclou cap treball referent a la sensibilitat o als cancers
d'interval en I'exhaustiva revisio de la situacié del cribratge en el context europeu. A linfome Marmot
s'apunta que la reducci6 de mortalitat atribuible al cribratge és del 20% (IC95%: 11-27%) i el percentatge
de casos sobrediagnosticats del 19% (quan s’expressa com a proporcio de casos diagnosticats en el grup
participant al cribratge durant el periode actiu del programa), mentre que subratllen la necessitat de
revisar la informacio que es fa arribar a les dones per tal que sigui transparent i permeti una presa de

decisions informadas®.

Ultimament el debat sembla que comenga a focalitzar l'interés en la personalitzacié del cribratge?. Amb
aquest enfocament es pretenen proposar estratégies alternatives a les actuals “one size fits all’,
encaminades a maximitzar els beneficis (intensificar el cribratge o utilitzar diferents tecnologies entre els
grups de major risc) i reduir els efectes adversos. Tot i la voluntat d'avangar en aquest aspecte, encara
queden interrogants i qliestions per resoldre per tal de poder definir grups especifics de dones que es

puguin beneficar d’'un canvi en les actuals estratégies de deteccié precog del cancer de mama.

3.2 Les dificultats per conéixer I'impacte real de la deteccié precog sobre la mortalitat: els biaixos

associats al cribratge

Per I'estudi de I'impacte del cribratge en termes de reduccio de la mortalitat, és necessaria la comparacid
els resultats de mortalitat especifica per cancer de mama o mortalitat global d’'un grup de dones cribrades
amb un grup de dones que no hagin estat intervingudes. Per obtenir estimadors fiables cal assegurar la
possibilitat de comparar els grups, a més de tenir en compte els possibles biaixos que puguin afectar els
resultats. A continuacié s'apunten els principals biaixos propis del cribratge, el biaix de seleccid, el biaix

de durada i el biaix d’avang diagnostic, i les estratégies proposades per controlar-lose.

Biaix de seleccié o biaix del participant sa (Self-selection bias o healthy screenee effect). La poblacid
participant als programes de deteccio precog acostuma a tenir habits més saludables i a estar en millor
estat de salut que la no participant®. Aquest aspecte contribueix en presentar un millor pronostic de la
malaltia, fet podria suposar una sobreestimacio dels resultats del cribratge, ja que la poblacié que en fa us
compta amb un percentatge més elevat d’individus sans®. L’unic disseny capag d'evitar el biaix de
seleccid son els assajos aleatoris controlats. Actualment, la possibilitat de dur a terme aquests estudis és

practicament impossible, ja que la practica extensiva de la deteccid preco¢ no podria garantir la no
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contaminacio dels grups control. Quan s'utilitzen dissenys observacionals, s'acostumen a utilitzar
estratégies basades en les que s'utilitzen en assajos clinics i que permeten corregir el fet que les dones
no participants al cribratge tenen un major risc de morir per cancer de mama, no atribuible a la deteccio
precog, que les que hi participen®”. Recentment, Autier i Boniol® han demostrat com aquest ajust en
dissenys cas-control no és valid quan altres factors a part del cribratge poden influenciar sobre la
mortalitat per cancer de mama. Tanmateix, aquest biaix no afecta els resultats quan es comparen grups

de dones cribrades, com en I'analisi dels cancers d’interval®®.

Biaix de durada (Lenght time bias). Es tracta d’'un fenomen pel qual els tumors de creixement lent,
menys agressius, tenen un periode asimptomatic més llarg i per tant tenen una major probabilitat de ser
detectats en el cribratge. Aquest fet els hi confereix un avantatge artificial en el temps de supervivéncia. El
cas extrem del biaix de durada és el sobrediagnostic, és dir, aquells casos de creixement molt lent 0 no
progressius, que sense I'existéncia del cribratge mai haguessin arribat a donar simptomatologia. De
manera contraria, els tumors de creixement més rapid presenten una menor probabilitat de ser detectats
en les proves de cribratge i es troben sobrerrepresentats entre els tumors que apareixen per
simptomatologia, en l'interval entre mamografies. Aquest fet implica que les caracteristiques dels tumors
detectats en el cribratge sigui millor que les dels tumors detectats clinicament (fora del cribratge) i que les

comparacions entre ambdos grups no es pugui realitzar de forma directa®.

Figura 4. Representacio esquematica del biaix de durada.
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Adaptat de Clinical Epidemiology. The essentials, 4th edition. Robert H Fletcher y Suzanne W Fletcher, Lippincott Williams &
Wilkins 2005100,

(A) Tumors de creixement rapid, els quals presenten una menor probabilitat de ser detectats en les proves de cribratge. (B)
Tumors de creixement més lent, i amb una fase preclinica llarga, els quals tenen una major probabilitat de ser detectats en les
proves de cribratge, abans de que donin simptomatologia. (C) Tumors de creixement molt lent, o inclis no progressius, que en
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abséncia de cribratge mai haguessin arribat a donar simptomatologia. Es tracta de tumors sobrediagnosticats pel cribratge, el cas
extrem del biaix de durada.

El biaix de durada es basa en I'heterogeneitat bioldgica del cancer de mama. Per estimar I'impacte del
cribratge sobre la mortalitat en estudis observacionals, Duffy et al.% proposen una correccié basada en
analisis de sensibilitat dels diferents grups de tumors en funci6 de la seva agressivitat. El parametre
resultant es té en compte en I'ajust quan s'estima I'efecte del cribratge en la mortalitat. En els treballs
centrats en la supervivéncia en funci6 de la via diagndstica, es proposa la introduccié en els models de
riscos proporcionals, informacié de caracter biologic, que permeti controlar I'neterogeneitat biologica que
esta relacionada amb el prondstic del cancer de mama''. Generalment aquesta aproximacié es fa
introduint informacié d’expressié de biomarcadors, com els RE, 'HER2, o el Ki67, en els models

matematics02.

Biaix d’avang diagnostic (Lead time bias). L'efecte d’aquest biaix s’explica pel fet de que el temps de
supervivéncia en els casos detectats en el cribratge aparentment és més llarg, perd no perque sigui reflex
d'un millor prondstic de la malaltia sind perqué aquesta ha estat detectada precogment. Es a dir, el temps
de supervivéncia s’ha comengat a comptabilitzar abans. Aquest fet pot comportar que independentment
que dos individus acabessin morint al mateix moment, el cas detectat abans -mitjangant les proves de

cribratge, quan encara era asimptomatic- presentaria un periode de supervivéncia més llarg.

Figura 5. Representacio esquematica del biaix d'avang diagnostic
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Considerant la supervivencia des del moment del diagnostic, el fet d’avancar el diagndstic significa que s'allarga el periode de
supervivéncia.
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En aquest cas, son el temps que el tumor passa en fase preclinica (sojourn time) i la periodicitat de la
prova de cribratge, els factors que condicionen el temps pel qual s'avanca el diagndstic. Des del punt de
vista matematic s’han proposat multiples aproximacions®193.1%4 hasades en I'estimacié del periode
addicional de seguiment atribuible a la deteccio precog. L'obtencié d’aquest parametre s’aconsegueix a
partir de la distribucio del sujourn time i la taxa de transicié a estadi clinic®®. En els treballs amb una
perspectiva més clinica, s'opta per la introduccio de variables relacionades amb el creixement del tumor

(mida, estadi) com a aproximacié al moment del diagnostic?01.105.106,

A la practica, és imprescindible tenir en compte aquests tres biaixos a I'hora d'interpretar els resultats on
s'analitza tant la reduccié de mortalitat atribuida a la deteccié precog com la supervivéncia de les dones

en funcié de la via de diagndstica.

3.3 Avaluar l'impacte del cribratge sobre la deteccié del cancer: coexisténcia de poblacié

participant i no participant

Com s'ha apuntat en apartats anteriors, I'avaluacié del principal benefici del cribratge, és a dir, la
disminucié de la mortalitat, tant sols es pot realitzar anys després de la implementaci6 dels programes. La
introduccié d’aquest concepte temporal comporta certes dificultats, entre les quals destaca conéixer la
poblacio participant al llarg del temps i considerar les variables canviants (tractaments, canvis

organitzatius) que puguin condicionar el pronostic del cancer.

Pot resultar relativament senzill conéixer la poblacié que participa als programes i la que no a partir del
creuament de registres amb informacié censal, per identificar la poblacio diana, i les bases de dades dels
programes. En cap cas, pero, es pot considerar que la poblacié no participant no estigui exposada a la
deteccié precog. En la majoria de paisos, el cribratge poblacional coexisteix amb cribratge oportunistic o
fora del circuit dels programes, que pot tenir un abast variable, inclus entre diferents zones en un mateix
pais'07-109, E| cribratge oportunistic s'atribueix majoritariament a I'ambit de la medicina privada i resulta per

tant, dificil de comptabilitzar.

L’existéncia de cribratge oportunistic abans de la introduccié dels programes de cribratge, peré quan ja
existia certa conscienciacié entre la poblacio dels beneficis de la deteccid precog, pot suposar que els
estimadors de l'incidéncia basal del cancer de mama no reflecteixin una situacié d’abséncia de cribratge®®.
Per altra banda, en algunes zones no és estrany que certs professionals recomanin realitzar mamografies
entre els intervals de cribratge o fora de I'edat diana a totes les dones, o a grups especifics. Resulta
important conéixer I'abast del cribratge oportunistic en una area determinada mitjangant, per exemple, les
enquestes de salut, ja que tant els valors basals de la incidencia de cancer de mama, com les
caracteristiques dels tumors detectats fora del programa poden variar. A les guies europees es recomana
coneixer la “cobertura del programa de cribratge”, és dir la poblacié que es beneficia de la deteccié precog

tant si és mitjangant un programa poblacional o la medicina privada. Encara que es tracti de dades
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aproximades, seran rellevants per la correcta interpretacio dels resultats en comparar poblacié participant

i no participant en una zona concreta®.

En molts paisos, disposar d'informacié a nivell poblacional presenta mdiltiples limitacions, tant per
I'obtencié de les dades, com per la seva qualitat i les dificultats en el procés de creuament entre registres.
En aquest aspecte, els paisos escandinaus son els que tenen uns sistemes d'informacio més complerts,
amb registres poblacionals de tumors, de mortalitat, de patologies, etc''®!"1. A més a més, el procés de
creuament es simplifica enormement ja que cada individu disposa d'un codi d'identificacié personal
compartit per tots els registres. Tot plegat explica que la gran majoria de treballs que avaluen I'impacte del
cribratge en la mortalitat per cancer de mama, o en la deteccié de la malaltia s’hagin realitzat en aquests

paisos2291,12113,

3.4 Avaluar els efectes adversos del cribratge. El cas dels cancers d’interval

Els efectes adversos més estudiats han estat els falsos positius i el sobrediagndstic’482. Respecte I'estudi
els cancers d'interval, hi ha hagut un interés creixent que ha focalitzat part de la recerca en aquest grup
de tumors. Basicament els treballs s’han centrat en determinar el nombre de cancers d'interval per poder
estimar la sensibilitat del programa i en la seva caracteritzacié des d’'un punt de vista descriptiud!114-116,
L’heterogeneitat, perd, caracteritza aquests cancers i en dificulta el seu estudi. En primer lloc la propia
definicié de cancer d'interval és subjecte a la periodicitat del cribratge i pot comportar mala classificacié.
Tot i 'obvietat d’aquest punt, resulta de gran rellevancia ja que suposara que casos que en un programa
amb mamografies biennals sdn considerats cancers d'interval, en un altre, amb intervals anuals, per
exemple, no ho serien. Un segon aspecte clau és la seva classificaci6 en subtipus a partir de la
classificacié radiologica de les mamografies de cribratge i diagnostiques. Tot i existir recomanacions
sobre la metodologia i les categories radiologiques®® ', la gran majoria de treballs presenten
classificacions modificades, realitzades amb I'objectiu de facilitar el procés de revisié 0 bé de presentar
grups amb un major nombre de casos. Aquest fet també pot diluir certes diferencies i matisos que hi

puguin haver entre categories.

Els cancers d'interval agrupen principalment tumors falsos negatius, és a dir, existents en I'anterior
mamografia, i veritables cancers d'interval, tumors indetectables en I'anterior cribratge. Només aquest fet,
ja apunta que l'etiologia dels cancers d'interval pot ser variada i cal profunditzar en aquestes diferéncies
per tal disposar una descripcié acurada d’aquests tumors. Tant si el seu estudi s’enfoca des de I'Optica del
programa, com a indicador de qualitat, com si exploren els seus determinants, la diferenciacié dels
subtipus sera clau. Per la millora del programa amb les actuals estrategies, la categoria més rellevant
seran els falsos negatius, ja que una disminucié del seu nombre pot conduir a la millora els indicadors del
programa (sensibilitat) i a llarg termini, de I'efectivitat. En canvi, en el nou paradigma de replantejament

del cribratge, poder definir un grup de dones més susceptibles a desenvolupar un cancer d'interval pot
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ajudar a la definicidé d'estratégies personalitzades. L'edat o I'elevada densitat mamaria sén alguns dels
factors que s’han associat amb un major risc de cancer d'interval'®119, En cas que es disposés d’una
definici6 més acurada de perfils de risc de dones més susceptibles a desenvolupar un cancer d'interval,
seria possible valorar la introduccié de tecnologies especifiques per grups de dones amb un major risc'?.
Per exemple, la ressonancia magnética o les ecografies son técniques que s’ha demostrat que

augmenten la sensibilitat en mames denses, a costa, pero, d’'una disminucio de I'especificitat’2!-123,

Des del punt de vista clinic, els cancers d'interval constitueixen un grup de tumors amb un pitjor pronostic
que els cancers detectats en el cribratge'.'24, Aquest pitjor pronostic en general s'explica pel retard
diagndstic, ja que els cancers detectats en el cribratge es diagnostiquen en fase preclinica, mentre que
els cancer d'interval ho fan després d’haver donat simptomatologia. Més enlla d’aquest retard diagndstic
diferents autors han descrit diferéncies a nivell molecular, associades amb una pitjor agressivitat entre els
cancers d'interval. En aquest grup, el percentatge de tumors que expressen receptors hormonals (RE,
RP) resulta menor, mentre que el percentatge de tumors amb una taxa de proliferacié cel-lular elevada
(sobreexpressié del factor de creixement Ki67) i poc diferenciats seria major'?. Tot i aixi, les diferéncies
moleculars entre els subtipus de cancer d’interval han estat poc explorades, com tampoc ho han estat les

seves implicacions en el pronostic dels cancers.

3.5 L’impacte de les noves tecnologies en els indicadors del cribratge

A finals de la década de 1990 i principis del 2000, es dugueren a terme el primers assajos aleatoris
controlats per avaluar I'efectivitat de la mamografia digital en comparacio6 a la convencional com a prova
de cribratge del cancer de mama'?127. Després dels resultats que mostraven una igual capacitat
diagnostica, apuntant a una major efectivitat en dones joves i amb mames denses'®, la técnica digital es
va anar estenent entre els programes de cribratge. A més, aspectes relacionats amb 'emmagatzematge
de les imatges, el seu processat i qualitat van ser altres factors determinants en la seva implementacio®.
Actualment, la transicio d’analogic a digital en el nostre context forma part de les politiques sanitaries i, en

el proxims anys, el revelat analogic quedara en desus.

Al llarg de la década del 2000 molts programes han canviat progressivament els mamagrafs analdgics
pels digitals, fet que requereix conéixer l'impacte d’aquesta transicié en la practica diaria, més enlla dels
resultats dels assajos. Per poder realitzar aquestes avaluacions és necessari que transcorri un cert
temps. A partir de 'any 2005 es comencaren a publicar els primers resultats en el context poblacional.
Com en daltres aspectes relatius al cribratge, tot i existir consens en que la técnica és com a minim tan
bona com I'anterior, s’ha generat certa controvérsia a la vista de certs resultats contradictoris'?”.129,
Respecte la taxa de deteccio en diferents contextos, entre ells I'espanyol, no s'observen diferéncies
significatives entre ambdues tecniques'®.'3'. En canvi, en altres paisos s’ha descrit un augment de la taxa

de deteccid’2, Igualment, respecte els falsos positius els resultats també son variats'®-%2, La gran
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majoria de treballs, pero, coincideixen en detectar un major percentatge de tumors in situ'.131.132 amb la
técnica digital. Aquest augment, pero, encara no s’ha pogut confirmar que estigui sent degut a un avang
de l'avang diagnostic, 0 bé a un possible sobrediagnostic de tumors. Aquest punt implica conéixer més a
fons la naturalesa dels casos diagnosticats i conéixer des del punt de vista radioldgic quines son les
diferéncies en les sospites reportades pels radiolegs i de quina manera afecta al valor predictiu de la

prova.

Per completar I'avaluacié de la transicié analdgic-digital també sera important conéixer el nombre de
cancers d'interval. Fins ara, pocs treballs n'han estudiat Iimpacte, tot i que en un recent estudi realitzat a
Noruega, Hoff et al.’®® no es descriuen diferéncies estadisticament significatives respecte el percentatge

de falsos negatius en ambdos escenaris.
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4. Presentacio dels treballs que conformen la tesi

Aquesta tesi doctoral esta composta per 4 treballs publicats en format d’articles cientifics en revistes
internacionals indexades en les arees de ‘Salut publica, mediamabiental i ocupacional’, ‘Oncologia’ i

‘Radiologia, medicina nuclear i imatge médica’.

Article 1. Seventeen-years overview of breast cancer inside and outside screening in Denmark.

Laia Domingo, Katja K. Jacobsen, My von Euler-Chelpin, llse Vejborg, Walter Schwartz, Maria Sala,
Elsebeth Lynge.

Acta Oncol. 2013 Jan;52(1):48-56.

Article 2. Phenotypic characterization and risk factors for interval breast cancers in a population-based
breast cancer screening program in Barcelona, Spain.

Laia Domingo, Maria Sala, Sonia Servitia, Josep Maria Corominas, Francesc Ferrer, Juan Martinez,
Francesc Macia, Maria Jesus Quintana, Joan Albanell, Xavier Castells.

Cancer Causes Control 2010 Aug;21(8):1155-64.

Article 3. Aggressiveness features and outcomes of true interval cancers: comparison between screen-
detected and symptom-detected cancers.

Laia Domingo, Jordi Blanch, Sonia Servitja, Josep Maria Corominas, Cristiane Murta-Nascimento, Antonio
Rueda, Maximino Redondo, Xavier Castells, Maria Sala.

Eur J Cancer Prev 2013 Jan;22(1):21-8.

Article 4. Differences in radiological patterns, tumour characteristics and diagnostic precision between
digital mammography and screen-film mammography in four breast cancer screening programmes in
Spain.

Laia Domingo, Anabel Romero, Francesc Belvis, Mar Sanchez, Joana Ferrer, Dolores Salas, Josefa
Ibafiez, Alfonso Vega, Francesc Ferrer, Maria Soledad Laso, Francesc Macia, Xavier Castells, Maria Sala.
Eur Radiol. 2011 Sep;21(9):2020-8.
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5. Justificacio de la unitat tematica

El cribratge de cancer de mama és una de les intervencions poblacionals més avaluades, i actualment
més qlestionada. Efectivament, resten nombroses preguntes per resoldre, la majoria de les quals fan
referéncia al balang entre riscos i beneficis. No obstant, les autoritats sanitaries el continuen
recomanants88’, El qiestionament actual del benefici del cribratge fa necessari avangar en la seva
avaluacié, amb nous punts de vista i noves dades, per disposar dels elements necessaris per proposar
canvis en les actuals estratégies de diagnostic precog. La personalitzacié del cribratge en funci6 de la
presencia de certs factors de risc de la malaltia s una via, perd cal més informaci6 per poder-la plantejar
i en un futur, implementar. Aquesta tesi s'emmarca en I'actual controvérsia del cribratge, aprofundint en

algunes questions que formen part del debat.

El calcul dels beneficis del cribratge a nivell poblacional en termes de deteccié dels tumors en estadis
precocos i disminucié de la mortalitat per cancer de mama, esta basat en la comparacié dels resultats a
llarg termini de cohorts de dones cribrades i dones no cribrades. Tanmateix, s'assumeix que les dones no
participants no es veuen afectades per la deteccidé precog. Disposar de més informacié en aquesta

questié pot ser util en la interpretacid dels resultats derivats d'aquest tipus de treballs.

La quantificaci6 dels efectes adversos ha guanyat importancia al llarg dels ultims anys. Els falsos positius
i el sobrediagnostic han estat els més estudiats, mentre que els cancers d'interval han quedat relegats a
un segon pla. Per l'impacte que pot tenir una reduccié del seu nombre en I'augment de I'efectivitat del
cribratge, Ultimament existeix un interés creixent per conéixer millor els seus determinants, aprofundir en

la seva biologia i en la seva evolucié clinica.

Finalment, la implementacié de la mamografia digital és una realitat en molts paisos i sembla que amb els
anys desplacara completament el revelat analdgic. Caldra doncs, avaluar 'impacte d’aquest canvi en
termes de riscos i beneficis per les dones cribrades i tenir en compte aquestes dades en I'actualitzacié de

guies i recomanacions.

La tesi s’ha dut a terme en el Servei d'Epidemiologia i Avaluacio de I'Hospital del Mar-IMIM, i s’emmarca

en la linia de recerca centrada en I'avaluacié de les practiques de cribratge poblacionals 75.77.78.134-138,
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Hipotesis i objectius

1. Hipotesis

Hipotesi general

El cribratge del cancer de mama és una activitat d’abast poblacional en la majoria de paisos europeus. El

seu disseny i organitzacio, i també les caracteristiques de la prova de deteccié precog, influencien tant en

els beneficis (deteccié de tumors en estadis precogos i reduccié de la mortalitat per cancer de mama),

com en els efectes adversos (falsos positius, sobrediagndstic i cancers d'interval).

Hipotesis especifiques

Sobre I'impacte de la introduccié del cribratge en la deteccié de cancer de mama:

1.

La posada en marxa d’'un programa de detecci6 precog afecta en el comportament de les taxes

de detecci6 de cancer de mama en el conjunt de la poblacié diana.

Les diferéncies organitzatives entre programes de cribratge poden influenciar les taxes de

deteccio dins dels programes de cribratge i les taxes de cancers d'interval.

Sobre I'impacte de la via diagnostica en les caracteristiques dels tumors i en el seu prondstic:

3.

Les caracteristiques dels cancers d'interval (estadi clinic, grau histologic, marcadors biologics)

son diferents a les dels tumors detectats en el cribratge.

Les dones amb cancer d'interval, i especialment amb veritable cancer d'interval, presenten un

periode lliure de malaltia més curt que les dones amb tumors diagnosticats en el cribratge.

Sobre I'impacte de les caracteristiques de la prova de cribratge en els indicadors de qualitat;

5.

6.

La precisié diagnostica de la mamografia digital és superior a la de la mamografia analogica.

Els canvis en la precisi6 diagnostica entre tecniques es poden atribuir a diferéncies en els valors

predictius positius de les diferents sospites radioldgiques.

Els tumors diagnosticats amb la técnica digital es detecten en estadis menys avancats.
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2. Objectius

L’objectiu general de la tesi és aprofundir en l'avaluacio del cribratge poblacional del cancer de mama

especificament en els seglients aspectes:
- L'impacte de la introduccié del cribratge en la deteccié de cancer de mama
- L'impacte de la via diagnostica en les caracteristiques del tumors i en el seu pronostic

- L'impacte de les caracteristiques de la prova de cribratge en els indicadors de qualitat.

Els objectiu especifics, treballats en diferents estudis, son els seglents:
Sobre I'impacte de la introducci6 del cribratge en la deteccié de cancer de mama:

1. Descriure les taxes de deteccid del cancer de mama, en el conjunt de la poblacid diana i
diferenciant segons la via diagnostica (deteccid en el cribratge, en d'interval entre cribratges o

fora del circuit de cribratge).

2. Aprofundir en I'efecte de les diferéncies organitzatives dels programes poblacionals en les taxes

de detecci6 dins i fora del programa.
Sobre I'impacte de la via diagnostica en les caracteristiques dels tumors i en el seu pronostic:

3. Comparar les caracteristiques biologiques dels cancers d'interval amb els tumors detectats en

les proves de cribratge.

4. Estimar limpacte de la via diagnostica i altres variables (caracteristiques biologiques,

biomarcadors) sobre la supervivéncia de les dones amb cancer de mama.
Sobre I'impacte de les caracteristiques de la prova de cribratge en els indicadors de qualitat;

5. Comparar els valors predictius positius de la mamografia de cribratge abans i després de la

implementacié de la mamografia digital.

6. Comparar els valors predictius positius de les diferents sospites radiologiques (patrons

radiologics) en dones reconvocades a partir de mamografies analogiques i mamografies digitals.

7. Comparar les caracteristiques dels tumors diagnosticats amb mamografia analogica i

mamografia digital.
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Métodes i resultats

La tesi esta dividida en quatre treballs, publicats en revistes cientifiques com a articles de recerca original.
Tots s’han realitzat en el context del cribratge poblacional, perd cada un dells analitzen diferents

poblacions.

Per facilitar la comprensié dels conjunt de la tesi, a continuaci6 es presenta una taula resum on
s’enumeren els objectius especifics de la tesi i les referéncies dels articles originals que hi donen

resposta, juntament amb el disseny i les principals caracteristiques de les poblacions d’estudi.

Posteriorment, es presenten els quatre articles que conformen la tesi.
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Taula 4. Resum dels treballs que conformen la tesi. S'indica el disseny, el periode d’estudi i la poblacio

d’estdui.

Objectius Articles Disseny d’estudi Periode d’estdui

L’impacte de la introduccio del cribratge en la deteccié de cancer de mama

1. Taxes de deteccid dins

i fora del cribratge Abril 1991 — Abril 2008
Domingo et al. Acta Seguiment fins al Gener

2. Impacte de les Oncol. 2013 Cohort retrospectiva  del 2011, per la

diferéncies organitzatives  Jan;52(1):48-56. identificacié dels cancers

sobre les taxes de d'interval

detecci6

L'impacte de la via diagnostica en les caracteristiques del tumors i en el seu pronostic

3. Caracteristiques Domingo et al.

biologiques dels cancers ~ Cancer Causes Cas-control aniuat Novembre 1995-
d'interval vs. cancersde  Control 2010 en una cohort Setembre 2008
cribratge Aug;21(8):1155-64.

4. Prondstic dels tumors Domingo et al. Eur J Novembre 1995 -
o . . . Setembre 2008
en funcio de la via Cancer Prev 2013 Estudi de seguiment . ,
diagnéstica Jan:22(1):21-8 Seguiment ins al
’ - Desembre de 2010

L'impacte de les caracteristiques de la prova de cribratge en els indicadors de qualitat.

5. VPP de la mamografia
analogica i la mamografia

digital

6. VPP segons els

patrons radiologics en Domingo et al. Eur

mamografia analogica Radiol. 2011 Cohort retrospectiva ?(?(;176 r 1996- Desembre
digital Sep;21(9):2020-8.

7. Comparacié de les
caracteristiques dels
tumors detectats en
mamografia analogica i
digital
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Poblacié d’estdui

Poblacié diana dels programes
de la regi6 de Copenhagen i Fyn,
Dinamarca.

Edat: 50-69 anys

3.290 cancers detectats en el
cribratge

1.257 cancers d'interval

1.548 cancers diagnosticats en
dones no participants

Dones participants al programa
de cribratge de cancer de mama
de I'Hospital del Mar, Barcelona
Edat: 50-69 anys

115 cancers detectats en el
cribratge

115 cancers d'interval

Dones diagnosticades i tractades
de cancer de mama a I'Hospital
del Mar, Barcelona

Edat: 50-69 anys

97 cancers detectats en el
cribratge

34 veritables cancers d'interval
97 cancers diagnosticats en
dones no participants

Dones cribrades en 4 programes
poblacionals de cancer de mama
espanyols: Cantabria, Valéncia,
Barcelona i Girona.

Edat: 45/50-69 anys

171.191 mamografies
analdgiques

91.647 mamografies digitals



Article 1

1. Article 1

Titol: Seventeen-years overview of breast cancer inside and outside screening in Denmark. Seventeen-

years overview of breast cancer inside and outside screening in Denmark

Autors: Domingo L, Jacobsen KK, Euler-Chelpin M, Vejborg |, Schwartz W, Sala M, Lynge E.
Revista: Acta Oncol. 2013 Jan;52(1):48-56.

Factor d'impacte (2011): 3.330 (Q2 Oncologia)

DOI: 10.3109/0284186X.2012.698750

Resum:

BACKGROUND: Long-term data on breast cancer detection in mammography screening programs are
warranted to better understand the mechanisms by which screening changes the breast cancer pattern in
the population. We aimed to analyze 17 years of breast cancer detection rates inside and outside
screening in two Danish regions, emphasizing the influence of organizational differences of screening

programs on the outcomes.

MATERIAL AND METHODS: We used data from two long-standing population-based mammography
screening programs, Copenhagen and Fyn, in Denmark. Both programs offered biennial screening to
women aged 50-69 years. We identified targeted, eligible, invited and participating women. We calculated
screening detection and interval cancer rates for participants, and breast cancer incidence in non-
screened women (= targeted women excluding participants) by biennial invitation rounds. Tumor

characteristics were tabulated for each of the three groups of cancers.

RESULTS: Start of screening resulted in a prevalence peak in participants, followed by a decrease to a
fairly stable detection rate in subsequent invitation rounds. A similar pattern was found for breast cancer
incidence in non-screened women. In Fyn, non-screened women even had a higher rate than screening
participants during the first three invitation rounds. The interval cancer rate was lower in Copenhagen than
in Fyn, with an increase over time in Copenhagen, but not in Fyn. Screen-detected cancers showed tumor
features related with a better prognosis than tumors detected otherwise, as more than 80% were smaller

than 20 mm and estrogen receptor positive.

CONCLUSION: Data from two long-standing population-based screening programs in Denmark illustrated
that even if background breast cancer incidence and organization were rather similar, performance
indicators of screening could be strongly influenced by inclusion criteria and participation rates. Detection

rates should be interpreted with caution as they may be biased by selection into the screening population.
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ORIGINAL ARTICLE

Seventeen-years overview of breast cancer inside and outside
screening in Denmark

LAIA DOMINGO%3, KATJA KEMP JACOBSEN!, MY VON EULER-CHELPIN!,
ILSE VEJBORG*, WALTER SCHWARTZ>, MARIA SALA?3 & ELSEBETH LYNGE!

I Department of Public Health, University of Copenhagen, Denmark, >Epidemiology and Evaluation Department, Hospital
del Mar-IMIM, Barcelona, Spain, CIBER Epidemiologia 'y Salud Publica, >EHEA Doctoral Program in Public Health,
Department of Pediatrics, Obstetrics and Gynecology, Preventive Medicine and Public Health, Universitat Autonoma de
Barcelona (UAB), Bellaterra, Barcelona, Spain, *Center of Diagnostic Imaging, Copenhagen University Hospital,
Rigshospitalet, Denmark, and >Mammography Screening Program, Odense University Hospital, Denmark

Abstract

Background. Long-term data on breast cancer detection in mammography screening programs are warranted to better
understand the mechanisms by which screening changes the breast cancer pattern in the population. We aimed to analyze
17 years of breast cancer detection rates inside and outside screening in two Danish regions, emphasizing the influence of
organizational differences of screening programs on the outcomes. Material and methods. We used data from two long-
standing population-based mammography screening programs, Copenhagen and Fyn, in Denmark. Both programs offered
biennial screening to women aged 50-69 years. We identified targeted, eligible, invited and participating women. We cal-
culated screening detection and interval cancer rates for participants, and breast cancer incidence in non-screened women
(= targeted women excluding participants) by biennial invitation rounds. Tumor characteristics were tabulated for each of
the three groups of cancers. Results. Start of screening resulted in a prevalence peak in participants, followed by a decrease
to a fairly stable detection rate in subsequent invitation rounds. A similar pattern was found for breast cancer incidence in
non-screened women. In Fyn, non-screened women even had a higher rate than screening participants during the first
three invitation rounds. The interval cancer rate was lower in Copenhagen than in Fyn, with an increase over time in
Copenhagen, but not in Fyn. Screen-detected cancers showed tumor features related with a better prognosis than tumors
detected otherwise, as more than 80% were smaller than 20 mm and estrogen receptor positive. Conclusion. Data from two
long-standing population-based screening programs in Denmark illustrated that even if background breast cancer incidence
and organization were rather similar, performance indicators of screening could be strongly influenced by inclusion criteria
and participation rates. Detection rates should be interpreted with caution as they may be biased by selection into the
screening population.

Breast cancer is the most common cancer among
women worldwide, representing a major public health
issue [1]. Over the last three decades its epidemiol-
ogy has varied considerable: while the mortality has
been declining in high-income countries [2], the
breast cancer incidence has been increasing until the
early 2000s, where after a downturn was reported in
many developed countries [3,4]. Several factors have
likely contributed to the observed trends, including
a significant drop in the hormone therapy use, wide-
spread use of effective systemic treatment modalities,

and mammographic screening programs having past
the phase of prevalence peaks [2—4].

The goal of screening mammography is to reduce
breast cancer mortality by means of early detection
of tumors. Achieving the expected reduction in
mortality will depend on the quality of screening pro-
cedures and participation. Women who regularly par-
ticipate in screening may profit from it by detection
of cancer at an earlier stage, which are associated
with a better prognosis than those detected outside
screening [5]. Screening might though also have
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negative side effects as false positive tests and over-
diagnosis. The benefit of attending a screening pro-
gram is reduced for women diagnosed with interval
cancer (i.e. cancers diagnosed after a negative screen-
ing result and before the next invitation to screening).
These tumors are detected clinically, thus with a
delay in time of diagnosis and worse prognosis fea-
tures. The interval cancer rate has been recognized
as a valid indicator of screening quality and the
sensitivity of the screening procedure [6].

Denmark is one of the countries with the highest
breast cancer incidence in the world [1]. Mammog-
raphy screening was introduced in 1991 in the
municipally of Copenhagen, and in the county of
Fyn in 1993. Nationwide roll out of screening took
place in 2007-2010. Although the background can-
cer incidence does not differ greatly across Danish
regions [7], some organizational differences exist
between the above mentioned screening programs in
criteria for definition of eligible women and in invita-
tion procedures. The existence of the Danish unique
identification number allows the link of screening
data with population-based registers and the identi-
fication of all diagnosis of breast cancer, both detected
at screening, as interval cancers, and outside screen-
ing. The chance to have accurate information from
screened and non-screened women from two regions
with long-term screening performance allowed to
look for effects of organizational differences in areas
with fairly similar background incidence rates. In
addition, with nearly 20 years of follow-up, to our
knowledge, this is the longest studied scenario show-
ing trends overtime of screen-detected breast can-
cers, interval cancers and breast cancers diagnosed
outside screening. Differences reported both for
background cancer incidences and screening proto-
cols as well as for screening performance indicators
in European countries [8-11], call for nationwide
evaluations of screening tradeoffs.

The aim of the current work was to determine
the rates of screen-detected, interval cancers and
cancers diagnosed outside screening over 17 years in
Denmark (Copenhagen and Fyn), emphasizing the
influence of organizational differences in the screen-
ing programs to changes of breast cancer detection
patterns in the population.

Material and methods
Setting and study population

In this study we used data from the first eight invita-
tions rounds of the Copenhagen organized screening
program (April 4, 1991 to April 14, 2008) and from
the first six invitation rounds of the organized screen-
ing program in Fyn (November 1, 1993 to December

31,2005). Both programs offered, by a personal letter,
biennial screening to women aged 50 to 69. Screen-
ing took place in central clinics, in Fyn supplemented
by a mobile van. At first screen two-view mammog-
raphy was used, at subsequent screens one-or two-
view depending on breast density, and from 2004
onwards all women were offered two-view mammog-
raphy. All mammograms were independently double
read by specially trained radiologists. During the study
period some organizational and technological changes
occurred. The most important being the introductions
of high frequency ultrasound devices and stereotactic
guided biopsies, of two-view mammography for all
screens, and of digital mammography [12].

We distinguished between the rarger population,
all women within the catchment area, target age and
time period; the eligible population, target population
excluding women ineligible due to breast cancer
related reasons; the nvited population, eligible popu-
lation excluding those not invited for other reasons;
and the participating population, invited women who
participated.

Copenhagen, Target: The Copenhagen program tar-
geted women aged 50-69 at the start of each invita-
tion round and residing in the catchment area at any
time during the invitation round. This means that the
Copenhagen program targeted fixed birth cohorts in
each invitation round. Copenhagen, Eligible: From its
implementation, the program aimed at including
information from the Danish Breast Cancer Coop-
erative Group (DBCG) to avoid inviting women
operated for breast cancer within the past 18 months.
As this register was not fully updated at the time,
women operated within the past 18 months were not
systematically excluded from invitation. As the pro-
gram progressed, information was collected on
women with breast cancer surgery within the last 18
months, bilateral mastectomy or breast protheses
where mammography was technically not possible.
Once identified, these women were exempted from
invitation. Copenhagen, Invited: Furthermore, women
could notify the program if they did not want to be
invited. From Copenhagen, invitation data were
available.

For the Fyn program some assumptions had to
be made as the program did not systematically keep
files on targeted and/or invited women. Fyn, Target:
The Fyn program targeted women aged 50-69 and
residing in the catchment area at the date of invita-
tion. This means that the Fyn program targeted a
dynamic population, and this had to be taken into
account in identifying the target population. Fyn,
Eligible: The Fyn county had its own IT-system,
which enabled exclusion from invitation of women
with breast cancer during the last five years, and from
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1997 also women with excisions from in situ or non-
specified neoplasms. Fyn, Invited: As in Copenhagen,
women could notify the program if they did not want
to be invited. Furthermore, non-participants in the
previous round were not invited unless they con-
tacted the program. Invited women with a mammog-
raphy within the last six months could cancel their
screening participation, as they were controlled else-
where in the health care system.

Data collection

The Danish Civil Registration System (CRS) was
used to identify the target population. The CRS is
based on the Danish unique identification number.
This register is updated every day and includes
demographic information, including migration and
death, for all persons ever residing in Denmark since
1968. Each of the two programs kept Mammography
Registers on the outcome of screening. We further-
more used data from the Danish Cancer Register
(DCR), and the DBCG.

Individual screening data were retrieved from the
Mammography Registers and linked by use of the
unique identification number with the target popula-
tions. This linkage allowed us to distinguish between
participants and other targeted women. The Mam-
mography Registers included information on date of
screening mammogram, outcome of screening and
(where relevant) date of screen-detected cancer diag-
nosis, including carcinoma in situ (CIS) and invasive
cancers. Interval cancers were defined as breast can-
cers diagnosed within two years of a negative screen or
before next screen, whichever came first. Interval can-
cers and cancers among other targeted women were
retrieved by merging the Mammography Registers
with the DCR, for the identification of invasive cancers
and with the DBCG, for the identification of CIS.

Tumor-related information was retrieved from
the DCR and DBCG. From DCR, we obtained data
on morphology (International Classification of
Diseases -10 Classification), and from DBCG we
obtained data on tumor size, lymph node involve-
ment, and estrogen receptor (ER) status.

Statistical analysis

For targeted women in each screening round, six
outcomes were possible: 1) participation in screen-
ing without breast cancer diagnosis; 2) participation
with screen-detected breast cancer; 3) participation
with interval breast cancers; 4) false positive rate
(screen-positive women — screen-detected cases);
5) non-screened women without breast cancer diag-
nosis and; 6) non-screened women with breast can-
cer. To take the varying length of invitation rounds

into account, we calculated incidence rates for
each invitation round. Detection rate in participants
was calculated as screen-detected breast cancers
divided by person years among participants. Interval
cancer rate in participants was calculated as interval
cancers divided by person years at risk in up to
two years among participants declared negative at
screening. Incidence rate in non-screened women
was calculated as diagnosed breast cancers in non-
screened women divided by the person years accu-
mulated by these women. The women’s screening
round was defined as the time (first, second, etc)
that she participated in the screening program,
regardless of the number of the program’s invitation
round. Data were processed using SAS (version 9.2),
SPSS (version 18.0) and R statistical software pro-
grams (version 2.12.2).

Ethics

Use of screening data and tumor-related information
was approved by the Danish Data Inspection Agency
(2008-41-2191).

Results

The number of targeted, eligible, invited and par-
ticipating women presented clear differences in both
studied screening programs (Table I). In Copenha-
gen, the proportion of targeted women identified as
non-eligible was small, the proportion of eligible
women who had declined invitation was larger, and
so was the proportion of invited women who did not
participate. By contrast, in Fyn more targeted women
were identified as non-eligible, a large proportion of
women were not invited because they had declined
invitation or because they had not participated previ-
ously, and consequently more of the invited women
participated in Fyn than was the case in Copenha-
gen. For these reasons, we present breast cancer rates
for participants and non-screened women (including
non-eligible, non-invited, and non-participants),
respectively.

From 1991, with the implementation of a breast
cancer population-based screening program in
Copenhagen, it had accounted 214,088 screening
participations and 139,461 targeting of non-screened
women. It should be noted that a given woman can
have been targeted in more than one invitation round.
From 1993 onwards, the Fyn program has accounted
272,634 screening participations and 90,692 target-
ing of non-screened women (Table II).

The target populations of Copenhagen and Fyn had
fairly similar breast cancer incidence rates (Table II).
Copenhagen had a clear prevalence peak in screen-
detected cancers 5.79 per 1000 person years or 11.88

RIGHTS LI N Kdx



67.30
62.06
61.17
61.00

59.19
58.20

Participants/
target (%)
58.17
57.82
73.99
76.05
75.20
74.81
75.27
74.88

Participants/
invited (%)
70.52
67.35
68.62
68.98
66.82
75.04
74.15
73.30
84.54
91.80
92.16
93.81
94.66
91.30

women
30 388
26 109
25153
25 427
25 059
25271
26 205
30 476
41 519
44 117
44 892
45 817
47 458
48 831

Participant

100

94.19
100

Invited/
eligible (%)
91.55
91.46
91.77
80.54
83.49
81.85
90.90
89.25
87.26

86.91
88.80

Invited
women
43 092
38 766
36 653
36 864
37 502
33 677
35 340
41 576
48 057
48 712
48 839
50 134
53 485

49 111

95.44
97.84
97.36
93.96
96.37
87.52
91.14
91.42
91.38
91.49

Eligible/target
population (%)
96.68
96.52
96.30
92.36

43 092
41 159
40 037
40 304
40 865
41 815
42 330
50 798
52 870
54 577
55 968
57 685
60 233

For personal use only.
Eligible
population
49 111

Target
population
45 151
42 069
41 121
41 686
42 340
43 420
45 051
52 710
56 112
58 009
59 697
61 247
63 049
65 212
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round (years)
2.05
2.01
1.82
2.07
1.95
2.17
2.58
2.28
2.16
2.00
2.00
2.00
2.00
2.00

Length of invitation

1 June 2003-31 December 2005

1 November 1993-31 December 1995
1 January 1996-31 December 1997

1 January 1998-31 December 1999

1 January 2000-31 December 2001

1 January 2002-31 December 2003

1 January 2004—-31 December 2005

1 January 2006—14 April 2008

Fyn screening program

1 June 1995-24 March 1997
Invitation rounds

4 April 1991-23 April 1993
26 April 1993-30 May 1995
25 March 1997-19 April 1999
20 April 1999-31 March 2001
1 April 2001-31 May 2003

1
2
3
4
5
6
7
8
2

Table I. Number of target population, eligible population, invited women and participants by invitation round in Copenhagen and Fyn screening programs, Denmark.
4

Copenhagen screening program

Dates for invitation round
Invitation rounds
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per 1000 participants. Hereafter the rate decreased,
and it remained fairly stable across the subsequent
invitation rounds (Figure 1). The breast cancer inci-
dence in non-screened women showed a pattern
similar to that of screened women though at a lower
level. From the second invitation round onwards, the
incidence rate in non-screened women increased
steadily. From invitation round four and onwards,
the rates for participating and non-screened women
overlapped. The interval cancer rate started at 0.97
per 1000 person years, and this rate increase slightly
over time being 1.47 per 1000 person years in the
eighth invitation round.

The start of screening in Fyn resulted also in a
prevalence peak among participating women at 4.47
per 1000 person years or 9.66 per 1000 participants,
where after the incidence decreased and remained
fairly stable over time (Table II). A similar pattern
was seen for non-screened women. However, in Fyn
at the start of screening the incidence in non-screened
women was higher than the incidence in participants.
From invitation round four and onwards, the two
sets of rates overlapped. The interval cancer rate in
Fyn started at 1.08 per 1000 person years, increasing
to a higher level in the next three invitations round
where after it decreased again.

In Copenhagen, interval cancers constitute 25%
[555/(1622 + 555)] of breast cancers in participants.
Of these, 168 (30%) were detected within 0-11
months of the previous negative screen and the
remaining 70% within 12-23 months. In Fyn, inter-
val cancers accounted for 30% [702/(1668 + 702)]
of breast cancers in participants, with 31% detected
within the first 11 months and 69% within 12-23
months of the negative screen. The division of the
breast cancer rate among screened women into
screen-detected and interval cancer can be used as
an indicator of sensitivity. In the first invitation round
of the Copenhagen program this proportion was
86% =5.79/(5.79 + 0.97). In the subsequent invita-
tion rounds this proportion varied between 66% and
74% with no particular trend. In the first invitation
round of the Fyn program the proportion was
81% =4.47/(4.47 + 1.08), and in subsequent invita-
tion rounds the proportion varied between 61% and
72%, also with no particular trend.

Copenhagen had a high false positive rate of
5.6% during the first invitation round (Table II).
This rate decreased over subsequent invitation rounds
to stabilize at 1.4—1.5% from the sixth round onwards.
Fyn had a much follow false positive rate starting out
at 1.7% during the first invitation round, and stabi-
lizing at 0.8% during the last two invitation rounds.

Detection data for participants by women’s
screening round showed a peak at first screening fol-
lowed by a dramatic decrease and a steady increase
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Figure 1. Incidence rates of breast cancer in target population in Copenhagen (1991-2008) and Fyn (1993-2005). Incidence rates of
screen-detected breast cancer and interval cancer in participants, and of breast cancers in non-screened women in Copenhagen and Fyn,

Denmark.

as the population aged by increasing screen number.
The interval cancer rate was stable across women’s
screening round (Table III).

In situ cases constituted 15% of the screen-
detected cases in Copenhagen, and 12% in Fyn.
Screen-detected cancers showed tumor features
related with a better prognosis, as more than 80%
were smaller than 20 mm and expressed ER (Table
IV). The Copenhagen profile of screen-detected can-
cers was better than the one from Fyn, as 41% in
Copenhagen vs. 35% in Fyn were less than/equal to
10 mm. Among interval cancers the proportion of
large invasive cancer (> 30 mm) was more than twice
as high as in screen-detected cancers but still lower
than in non-screened women. In Copenhagen nearly
4% of cases in non-screened women were CIS, while
the percentage in Fyn was 6%. In Copenhagen,
78% of interval cancers and 76% of cancers in non-
participants were ER positive, these percentages
being 76% and 77%, respectively, in Fyn.

Discussion

As expected due to the lead time, the start of orga-
nized screening in Denmark resulted in a prevalence
peak of screen-detected breast cancers. It was highly
surprising, however, that the start of screening
resulted also in a “prevalence peak” among non-
screened women. In Fyn it was furthermore so that
the non-screened women had a higher breast cancer
incidence than the screening participants during the
first three invitation rounds. Screen-detected tumors

in Copenhagen presented a better profile than those
detected in Fyn, as 41% in Copenhagen vs. 35% in
Fyn were less than/equal to 10 mm, and 15% vs.
12%, were respectively in situ carcinomas.

The strengths of this study were the long study
period allowing an overview over nearly 20 years,
and the completeness and accuracy of the data. The
current work was based on data from organized
population-based screening and on a data from a
population-based cancer register. This allowed accu-
rate identification of breast cancer cases detected
both inside and outside of screening, and the use of
unique personal identification numbers ensured
complete linkage. All screening data were obtained
from computerized records and came from two
screening programs in Denmark whose performance
indicators reached the European standards [12,14].
Within the Danish health care system women with
symptoms of breast cancer can be referred for
mammography by their general practitioner. This
system was in place already before the organized
screening programs started. The use of opportunistic
screening mammography has been very limited in
Denmark [13].

The study had some limitations as well. First, we
could not divide interval cancers into those deriving
from false negative screens and those developed after
screening, this information would provide better
insight into the screening process. Nonetheless, it has
been reported from other screening settings that false
negative cases account for about one third of interval
cancers or less [15-17]. Secondly, misclassification
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Table III. Screen-detected breast cancers and interval cancers.
Proportion per 1000 participants by women’s screening round in
Copenhagen and in Fyn screening programs, Denmark.

Screen-detected Interval
Participants cancers % cancers %

Copenhagen screening program
Women’s screening round

1st 69 647 646 9.3 150 2.2
2nd 22 597 149 6.6 58 2.6
3rd 41 320 206 5.0 111 2.7
4th 30 466 199 6.5 86 2.8
5th 22 045 165 7.5 58 2.7
6th 15 119 137 9.1 47 3.1
7th 9053 83 9.2 32 3.6
8th 3841 37 9.6 13 3.4

Fyn screening program
Women’s screening round

1st 75 626 599 7.9 182 2.4
2nd 61 955 270 4.4 176 2.9
3rd 50 364 245 4.9 147 2.9
4th 38 735 231 6.0 86 2.2
5th 28 554 188 6.6 77 2.7
6th 17 400 135 7.8 34 2.0

of the detection mode cannot be excluded. Some
interval cancers could be classified as screen-detected
if symptomatic women waited for the screening visit
instead of making an immediate appointment with a
physician. This misclassification would attenuate dif-
ferences on tumor characteristics between screen-
detected and interval cancers.

At the start of the Copenhagen program, only
women treated for breast cancer within the past 18
months were considered non-eligible, and 95% of the
target population was invited. Only 71% of the invited
women participated. However, up to now none of the
studies from the Scandinavian countries have indicated
that non-participants in screening should be particu-
larly burdened by known breast cancer risk factors
[7,18]. The “prevalence peak” in non-screened women
was therefore unlikely to be explained by a selection
bias. A possible explanation for the “prevalence peak”
might be increased awareness of breast cancer along
with the start of the screening program. Women with
symptoms might then have sought help before they
were invited to the program. The clear deficit in
incidence among non-screened women in the second
invitation round speaks in favor of the hypothesis.

The situation at the start of the screening pro-
gram in Fyn was different. Here, 12% of the targeted
women were identified as non-eligible. In addition to
women already diagnosed with breast cancer within
the last five years, the non-eligible women in Fyn
from 1997 onwards included also those with a prior
excision of in situ or non-specified neoplasms, and
women with a recent mammogram could cancel par-
ticipation. As women with a previous benign breast

lesions are at an increased risk of breast cancer, the
non-eligible women thus represented a high risk
group. Furthermore, the participation rate among
invited women in Fyn was 85%, considerably higher
than in Copenhagen. As Fyn is a mixed urban-rural
area, and Copenhagen is the capital this difference
reflects the well-known urban-rural gradient in
screening participation [19]. The high ineligibility
rate in Fyn combined with the high participation rate
in invited women meant that non-screened women
in Fyn formed a selected group at higher risk of
breast cancer than the screening participants. Our
data thus illustrated that in addition to differences in
screening performance, the organizational structure
as invitation procedures and the screening setting as
participation rate may contribute to variations in
breast cancer occurrence both inside and outside of
screening.

Throughout the study period, the proportion of
ineligible women was higher in Fyn than in Copen-
hagen. This means that the participants in Fyn
formed a breast cancer wise more healthy population
than the participants in Copenhagen. Such a selec-
tion bias may explain why the cancer detection rate
was lower in Fyn than in Copenhagen, particularly
in the first three invitation rounds. There might
though also be true performance differences between
the programs. The Fyn program started later than
the Copenhagen program and deliberately aimed at
a lower recall rate. As showed previously, this policy
resulted in a lower cumulative risk of false positive
tests in Fyn than in Copenhagen, being 9% and 16%,
respectively [20]. The interval cancer rates were
though higher in Fyn than in Copenhagen during the
first three invitation rounds. While the specificity
seem to be higher in Fyn than in Copenhagen indi-
cated by the lower false positive rates, the sensitivity
seem to have been lower indicated by the interval
cancer rate. These differences were in particular seen
during the first three invitation rounds.

These very different observations from otherwise
similar mammography screening programs in a small
homogeneous country suggest caution in compari-
son of screening outcomes from different programs.
In the European Guidelines [6] an acceptable detec-
tion rate at initial screen is set to two times the pop-
ulation background incidence rate, and to 1.5 for
subsequent screens. Qur analysis has shown that if
certain groups of high risk women are exempted
from the programs, then detection rates will not be
comparable across programs even when the popula-
tion background incidence rate is controlled for as
suggested in the European Guidelines.

Interval cancer rates were slightly higher than
those reported in Sweden [9], The Netherlands [21],
Finland [22], Italy [11] and Norway [23], but similar

RIGHTS LI N Kdx



Acta Oncol Downloaded from informahealthcare.com by JHU John Hopkins University on 01/09/13
For personal use only.

Breast cancer inside and outside screening in Denmark 55

Table IV. Comparison of tumor characteristics between Copenhagen and Fyn regions (Denmark), of screen-detected cancers, interval

cancers and cancers detected in non-screened women.

Screen-detected cancers

Interval cancers

Cancer in non-participants

Copenhagen Fyn n=1667 Copenhagen Fynn=702 Copenhagen Fyn
n=1621 (%) (%) n=555 (%) (%) n=2897 (%) n=0651 (%)

Tumor type (1)

In situ 248 (15.3) 200 (12.0) 20 (3.6) 25 (3.6) 35 (3.9) 39 (6.0)

Invasive 1372 (84.7) 1467 (88.0) 535 (96.4) 677 (96.4) 861 (96.1) 612 (94.0)

Unknown (2) 1 0 0 0 1 0
Tumor’s morphology (3)

Ductal 1045 (77.5) 1110 (77.6) 377 (70.5) 519 (76.7) 632 (73.4) 442 (72.2)

Lobular 186 (13.8) 187 (13.1) 99 (18.5) 72 (10.6) 112 (13.0) 64 (10.5)

Others 118 (8.8) 134 (9.4) 59 (11.3) 86 (12.7) 117 (13.6) 106 (17.3)

Unknown (2) 23 36 0 0 0 0
Tumor’s size (3)

0-10 mm 536 (41.1) 493 (34.6) 103 (21.7) 93 (14.9) 103 (15.1) 66 (13.1)

11-20 mm 604 (46.3) 659 (46.3) 220 (46.3) 263 (42.1) 263 (38.5) 212 (42.0)

21-30 mm 121 (9.3) 188 (13.2) 96 (20.2) 174 (27.9) 186 (27.2) 128 (25.4)

>30 mm 43 (3.3) 84 (5.9) 56 (11.8) 94 (15.1) 131 (19.2) 99 (19.6)

Unknown(2) 68 43 60 53 178 107
Lymph node involvement (3)

Negative 970 (74.3) 966 (68.0) 280 (58.7) 321 (51.4) 332 (48.5) 242 (47.5)

Positive 335 (25.7) 454 (32.0) 197 (41.3) 303 (48.6) 353 (51.5) 268 (52.6)

Unknown (2) 67 47 58 53 176 102
ER status (3)

Negative 169 (13.0) 163 (11.5) 101 (22.4) 152 (24.5) 165 (23.6) 114 (22.9)

Positive 1131 (87.0) 1251 (88.5) 370 (77.6) 469 (75.5) 535 (76.4) 385 (77.1)

Unknown (2) 72 53 58 56 161 113

(1) Include in situ and invasive cancers.

(2) Tumors with missing information were excluded for calculation of percentage.

(3) Include only invasive cancers.

than those found in UK for the 0—24 months after
screen [8,24]. Consistent with percentages found in
previous works [23,25], nearly 70% of interval can-
cers appeared during the 12—23 months after the last
screening participation. In addition, interval cancers
represented 25% of all cancers in screened women
in Copenhagen and 30% in Fyn, very similar to per-
centages reported from Norway [23], Sweden [9] and
in a pooled data from six European countries [10],
and quite lower than reported from The Netherlands
and the UK [21,24]. The higher interval cancer rates
reported in the current work reflect the high back-
ground incidence of breast cancer in Denmark, but
not a poor quality of screening performance.

The trend in screen-detected cancers by women’s
screening round resembled data previously reported
by Bordas et al. [9]. The interval cancer rate did,
however, not increase in subsequent screenings as
previously reported by these authors [9]. It could be
expected that the sensitivity increased by women’s
screening round, as previous mammograms were
here available for comparisons. This would result in
a decreasing interval cancer rate, but we did not see
such a pattern. A possible explanation could be that
most interval cancers are fast growing tumors, not
visible at previous screen and truly arousing in the
screening interval. Some works that carried out a

radiological revision of both screening and diagnostic
mammograms indicates that around 40% of interval
cancers are true interval cancers [15,16].

As expected, pathological characteristics of
screen-detected tumors were related to better prog-
nosis. At diagnosis, screen-detected cancers were
smaller, more frequently lymph node-negative and
showed a higher percentage of tumors expressing ER
than clinically-detected tumors. These findings are in
line with several publications [10,15,21,23]. Although
traditional prognostic factors as tumor size or lymph
node involvement indicated worse prognosis among
cancers in non-participants than for interval cancers,
the closer percentages of tumors lacking ER may be
a reflection of the more aggressive molecular pattern
associated previously with these cancers, especially
when true interval cancers were taken into account
[15]. However, since we were not able to differentiate
between false negative and true interval cancers, these
differences could be attenuated given that all of them
were considered together as interval cancers.

In conclusion, in spite of a high breast cancer
incidence in Danish women, screening has allowed
detection of breast cancers at early stages. Nonethe-
less, the proportion of breast cancers detected out-
side screening remained high, and these cases had
less favorable prognostic characteristics than the
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screen-detected cases. Our analysis demonstrated
that high data quality is needed for evaluation of
mammography screening. All data should be stored
with personal identifiers, and all files, including the
administrative files on targeted women and invita-
tions, should be kept. While the organized programs
in Copenhagen and Fyn operated in fairly similar
ways there were nevertheless important differences.
Our data illustrated that organizational aspects and
screening setting of the programs, as invitation crite-
ria and participation rates, strongly influenced the
detection rate which is used as the standard indicator
for the outcome of screening. It is therefore pertinent
that evaluation of screening starts from the target
population, and that the eventual selection in par-
ticipating women is taken into account in the inter-
pretation of the screening outcome.
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multivariate analyses were performed to compare patient and tumor molecular characteristics among all
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Abstract

Objective To analyze phenotypic classification and other
risk factors for interval breast cancer, focusing on true
interval and false negative cancers.

Methods A nested case—control study was performed
among 115 cancers detected between two screening
mammograms (interval cancers) and 115 screen-detected
cancers diagnosed between 1995 and 2008 in a population-
based breast cancer screening program in Barcelona
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(Spain). Bivariate and multivariate analyses were per-
formed to compare patient and tumor molecular charac-
teristics among all interval cancers, true intervals and false
negatives, and screen-detected cancers.

Results A total of 42.5% of interval cancers were true
interval tumors and 16.2% were false negatives. High breast
density and triple negative phenotype were more frequent in
true interval cancers than in screen-detected cancers (57.6
and 34.1%, respectively for breast density, p = 0.023; 28.1
and 7.5%, respectively for triple negative phenotype,
p = 0.028), while no statistically significant differences
were observed between false negatives and screen-detected
cancers. The main adjusted factors associated with true
interval cancers compared with screen-detected cancers
were high breast density and triple negative phenotype
(OR = 3.1, 95% CI, 1.03-9.24 and OR = 8.9, 95% CI,
2.03-38.62, respectively).

Conclusion A more aggressive molecular phenotype and
high breast density were identified in breast tumors that
truly arise in the interval between screenings.

Keywords Breast cancer screening - Interval cancer -
False negatives - Phenotype - Radiology

Introduction

Breast cancer is a biologically and clinically heterogeneous
disease characterized by the accumulation of multiple
molecular alterations. Tumors can show distinct prolifera-
tion patterns and outcomes. These characteristics may
reflect wide variation in the biological characteristics and
genetic profiles of breast cancer [1]. In the past two dec-
ades, widespread mammographic screening and effective
systemic treatment modalities have led to a shift in stage at
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presentation and have reduced mortality [2]. Despite the
high sensitivity reported for most of population-based
screening programs, ranging from 74.7 to 89.4% [3], a
percentage of tumors remain undetected in screening
rounds, which manifest clinically between a normal
screening result and the following invitation for screening.
These tumors, called interval breast cancers, are an
expected part of any screening program. The detection rate
of interval breast cancers is considered a quality measure of
radiological performance and has been recognized as a
valid indicator of screening quality and the sensitivity of
the screening procedure. However, distinct categories of
interval cancer may be distinguished by radiological find-
ings in the latest screening mammogram, including false
negative and true interval cancers [4]. While false nega-
tives depend mainly on the radiologist’s skills and occa-
sional misinterpretations of mammograms, true interval
cancers are mainly a consequence of the program’s design,
growth rate, and sojourn time in the detectable preclinical
phase of the carcinoma [5].

There is consensus that interval breast cancers have a less-
favorable prognosis than screen-detected cancers [6—10].
A delay in diagnosis could potentially worsen prognosis
and consequently impair the efficiency of the screening
program. Moreover, some biologic differences have been
detected between interval cancers and screen-detected can-
cers. Interval breast cancers show increased tumor cell pro-
liferation [8, 11, 12] and lower expression of both estrogen
(ER) and progesterone receptors (PR) [8, 10, 13] than screen-
detected cancers. In addition, higher levels of HER2 and
pS3 have been reported in interval cancers [10, 12, 14].
ER, PR, and HER?2 status can be used to distinguish the triple
negative phenotype, which lacks the benefit of specific
adjuvant therapy and is associated with high grade and poor
prognosis [15]. The triple negative phenotype was more
frequently detected among interval cancers than among
screen-detected cancers [10].

However, to our knowledge, phenotypic classification in
true interval cancers and false negatives has not previously
been examined. Analysis of these different interval cancer
subgroups could contribute to greater understanding of
breast cancer biology in relation to screening. The aim of
this study was to characterize phenotypic classification and
other risk factors for all interval breast cancers, true
interval, and false negative cancers.

Materials and methods
Setting and study population

A nested case—control study was performed among women
participating in a population-based breast cancer screening

@ Springer

program in an area of 300,000 inhabitants in the city of
Barcelona, Spain (target population approximately 90,000
women). Women aged between 50 and 69 were invited to
undergo mammography with a 2-year interval between
screening rounds. Mediolateral oblique and craniocaudal
views were available for each breast. All mammograms
were read by two radiologists and when double reading led
to different assessments, a third radiologist served as a tie
breaker. From the beginning of the program in 1995 until
September 2004, all the mammograms were obtained with
a standard film-screen technique. In September 2004, a
digital mammography technique was introduced, which has
been the only system used since September 2004. No other
major changes in the program took place during the study
period. The program was based on the European Guide-
lines for Quality Assurance in Mammographic Screening
[4] and its results met the Europe Against Cancer
standards.

From the beginning of the program to September 2008,
206 interval cancers were detected by means of an active
case search (consultation of hospital-based cancer registry
and telephone contact with women who underwent mam-
mography in the last scheduled screening but who did not
attend the following screening mammogram), given that
there is no population-based cancer registry in the city,
covering 98% of women lost to follow-up from the pro-
gram. A total of 115 women with histologically confirmed
interval cancers who were diagnosed and treated in two
hospitals in the city of Barcelona (98 in the Hospital del
Mar, which runs the breast cancer screening program and
17 in a nearby public hospital with similar characteristics)
were included in the study as cases. Three of these women
had simultaneous bilateral tumors. In these women, both
tumors were considered independently in the analysis.
Therefore, 118 interval tumors from 115 women were
assessed. All other interval cancers were detected in other
public hospitals or private centers in the metropolitan area,
hampering data collection. A total of 769 screen-detected
cancers were reported for the same period. A control group
matched by age and year of cancer diagnosis was selected
at random among screen-detected cancers (n = 115). All
cases and controls had no other malignancy or severe
underlying disorder.

Data collection

Information from screening (first or successive screening
round, date, additional examinations, etc.) and from
women (age, menopausal status, hormone replacement
therapy [HRT], previous benign breast disease, and first-
degree familial breast cancer) was obtained from the pro-
gram database. This information is routinely collected from
a questionnaire administered at each screening round.
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However, breast density was determined but this informa-
tion was not routinely registered during the screening
process. Tumor-related information (pathological tumor-
node-metastasis [pTNM] status, histological grade, histo-
logical type, tumor size, lymph node involvement) was
obtained from the hospital-based cancer registries. Infor-
mation on biomarker expression (RE, RP, HER2, and p53)
was obtained from the databases of the Department of
Pathology. Further immunohistochemical analyses were
performed in tumor samples in which biomarker expression
had not been previously determined.

This study was approved by the ethics committee, and
informed consent was available to supply tumor material of
biopsy for pathologic evaluation and immunohistochemical
analyses.

Interval breast cancer classification

For interval breast cancer classification, a retrospective
review was performed by two radiologists with more than
10 years experience. This radiological review and breast
density determination were carried out when screening or
diagnostic mammograms (n = 80) could be obtained from
clinical records. The last screen mammograms before
diagnosis were obtained from the clinical records of
patients with interval cancer and were mixed with films
with negative findings (n = 50) randomly selected from
women enrolled in the screening program. Screening
mammograms were first reviewed independently and
individually by the radiologists and were classified into
three groups: positive (clearly malignant features detected),
negative (no abnormality detected), and minimal signs
(features difficult to detect, no clearly malignant features).
In a second review, the radiologists assessed screening and
diagnostic mammograms with the histological information
to determine whether any abnormalities detected on the
screening films corresponded to the site of the subsequent
interval cancer.

Interval breast cancers were definitively classified into
five groups, as recommended by the European Guidelines:
(a) true interval cancers—those in which the previous
screening mammogram showed normal or benign features;
(b) false negatives—when an abnormality suspicious for
malignancy is retrospectively seen on the previous mam-
mogram; (c¢) minimal signs—when detectable but non-
specific signs are identified at the latest screen; (d) occult
cancers—that showed no mammographic abnormalities at
diagnosis despite clinical signs; and (e) unclassifiable—
mammograms not performed on presentation or not avail-
able [4]. Moreover, the radiologists determined the breast
density of interval and screen-detected cancers included
in the study into one of four groups, as defined by the
four-point Breast Imaging Reporting and Data System
(BI-RADS) system: (1) almost entirely fat, (2) scattered
fibroglandular tissue, (3) heterogeneously dense, and (4)
extremely dense. This four-point classification was col-
lapsed into the categories of low breast density (categories
1 and 2) and high breast density (categories 3 and 4).

Laboratory methods

RE, RP, p53, and HER2 are routinely determined during
the diagnostic process in the hospitals. However, not all
biomarkers were analyzed during the entire study period.
Samples lacking information on biomarker expression were
reanalyzed following the same procedures as those used in
clinical practice. Immunohistochemical staining was per-
formed on sections of paraffin blocks with the tumors fixed
in 10% neutral-buffered formalin for 24 h. The methods
and antibodies used are described in Table 1. In accordance
with standard guidelines, positivity for ER, PR, and p53
was based on more than 10% of the cells that tested
positive. For HER2, scores of 0-1 in the HerceptTest were
considered negative, whereas a HerceptTest score of three
was considered positive. Equivocal scores of two were
confirmed by fluorescent in situ hybridization (FISH) as

Table 1 Immunohistochemistry: methods, antibodies, and dilutions for biomarker determination

Methods ER PR HER2 P53
Retrieval method Autoclave Autoclave Water bath Autoclave
120°C 1 Atm 120°C 1 Atm 95-99°C 120°C 1 Atm
3 min 3 min 40 min 3 min
Citrate buffer Citrate buffer Citrate buffer Citrate buffer
pH 7.3 pH 7.3 pH 6 pH 7.3
Primary antibody Clone 1D5 (Dako) Clone PgR636 (Dako) Hercep-test (Dako) Clone DO7 (Novocastra) 1:50
1:50 1:200

Detection system
Automat

Envision (Dako)

Autoestainer (Dako)

Envision (Dako)

Autoestainer (Dako)

Hercep-test (Dako)

Autoestainer (Dako)

Envision (Dako)

Autoestainer (Dako)
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positive when HER2/neu oncogene amplification was
detected.

Based on the expression of these biomarkers, the tumors
were classified into four phenotypes. Tumors expressing
hormone receptors were classified as Luminal (Luminal A
for RE and RP expression, and Luminal B for RE
expression only). The HER2 phenotype was determined by
HER?2 overexpression and tumors not expressing ER, PR,
or HER2 were classified as triple negatives.

Statistical analysis

Statistical analysis was performed using the SPSS (version
12.0) and R statistical software programs. A descriptive
analysis to compare differences on patient’s characteristics
and biologic markers distributions between interval cancer
subgroups and screen-detected cancers was done using
Fisher’s exact test. For interval cancers subgroups, only true
interval cancers and false negatives are presented. Logistic
regression analysis was performed to determine the effect of
some women-related and tumor-related features on the odds
of developing an interval cancer and a true interval cancer.
Variables statistically significant in the bivariate analysis
plus age were included in the regression model. All p values
<0.05 were considered significant.

Results

One-hundred and fifteen women with interval cancer
(mean age 59.7) and 115 screen-detected cancers (mean
age 59.2) were included in this study. The radiological
classification of interval breast tumors is shown in Table 2.
For 38 interval cancers, neither screening nor diagnostic
mammograms could be obtained. In the remaining 80
cases, there were 34 (42.5%) true interval cancers, 13

Table 2 Radiological classification of interval cancers by months
since last screening mammogram

Overall Time since screening

<12 months >12 months

No mammograms available® 38 15 (39.5) 23 (60.5)
Mammograms available, n (%) 80 30 (37.5) 50 (62.5)
True interval 34 (42.5) 8 (23.5) 26 (76.5)
False negative 13(16.3) 6 (46.2) 7 (53.8)
Occult 14 (17.5) 7 (50.0) 7 (50.0)
Minimal signs 4 (5.0) 2 (50.0) 2 (50.0)
Unclassifiable 15(18.8) 7 (46.7) 8 (53.3)

% Interval cancers with neither screening nor diagnostic mammo-
grams available

@ Springer

(16.3%) false negatives, 14 (17.5%) occult tumors, 4
(5.0%) minimal signs, and 15 (18.8%) unclassifiable.

A total of 73 interval cancers (61.9%) developed during
the second post-screening year, especially true interval
cancers (26/34; 76.5%). Other subtypes were distributed
homogeneously between the first and second post-screen-
ing years.

Patient-related data are shown in Table 3. The only sta-
tistically significant difference was observed for breast
density, which was higher in women with interval cancer
than in those with screen-detected cancers (34.1, 53.9, and
57.6% of high breast density in screen-detected, all interval,
and true interval cancers, respectively). The proportion of
interval cancers diagnosed in the first screening, premeno-
pausal women, HRT users, current smokers, women with
first-degree familial breast cancer, and those with a personal
history of breast benign disease was higher than in the
screen-detected group, although the differences were not
significant. True interval cancers were the most frequently
detected cancers in premenopausal women (17.6, 13.0, and
15.4% in true interval cancers, all interval cancers, and false
negatives, respectively) and in women with high breast
density (57.6, 53.9, and 54.5% in true interval cancers, all
interval cancers, and false negatives, respectively).

Tumor-related data at diagnosis are shown in Table 4.
The percentage of in situ cancers was 21.5% in screen-
detected cancers and was 6.2% in interval cancers, while
stage III was observed in 5.6% of screen-detected and in
24.8% of interval cancers. This percentage was higher in
true interval cancers (29.4%) and false negatives (30.8%).
All differences were statistically significant (p < 0.001).
Regarding tumor size, 51.0% of interval cancers measured
>20 mm at diagnosis compared with 23.9% of screen-
detected cancers (p < 0.001). This percentage was higher
in true interval tumors (66.7%) than in false negatives
(60.0%). Interval cancers also had a higher histological
grade than screen-detected tumors. Lymph node involve-
ment was present in 41.6% of interval cancers and in
26.8% of screen-detected cancers (p = 0.024), this pro-
portion being higher in false negative tumors (66.7%). No
metastasis was found in screen-detected cancer at diagno-
sis, while 2.6% of interval cancers showed tumoral spread.

Differences between groups in biomarker expression
and phenotypic classification are shown in Table 5. The
percentage of tumors expressing hormone receptors
(especially estrogen receptor) was higher in screen-detec-
ted cancers (84.1%) than in all interval cancers (69.3%;
p = 0.012) and true interval cancers (60.6%; p = 0.007).
However, the percentage of tumors with ER expression
was similar between false negatives and screen-detected
cancers. The percentage of cancers with cell cycle dys-
regulation and potential genetic instability, as measured by
p53 expression, was similar in the two study groups (21.8%
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Table 3 Patient-related data according to cancer classification
Factor Screen-detected cancers  Interval cancers Interval cancers with available mammograms n = 80
True interval cancers False negatives
n =115 (%) n=115 (%) pvalue® n=34 (%) p value® n =13 (%) p value®

Age (mean; SD) 59.2 (5.7) 59.7 (5.7) 59.9 (5.4) 62.6 (5.4)
Screening

First screening 26 (22.6) 35 (30.4) 10 (29.4) 2 (15.4)

Successive screening 89 (77.4) 80 (69.6) 0.232 24 (70.6) 0.494 11 (84.6) 0.732
Menopausal status

Premenopausal 16 (15.1) 15 (13.0) 6 (17.6) 2 (154)

Postmenopausal 90 (84.9) 100 (87.0) 0.701 28 (82.4) 0.788 11 (84.6) 1.000

Unknown? 9 0 0 0
Hormone replacement theraphy use

No 109 (94.8) 105 (91.3) 31 91.2) 12 (92.3)

Former use 3 (2.6) 3 (2.6) 2(5.9) 0 (0)

Current use 3 (2.6) 7 (6.1) 0.475 1(2.9) 0.567 1(7.7) 0.537
Smoking

Never 90 (78.3) 85 (73.9) 25 (73.5) 10 (76.9)

Current or former 25 (21.7) 30 (26.1) 0.537 9 (26.5) 0.642 3(23.1) 1.000
Family history of breast cancer

No 100 (87.0) 92 (80.0) 27 (79.4) 12 (92.3)

Yes 15 (13.0) 23 (20.0) 0.214 7 (20.6) 0.280 1(7.7) 1.000
Personal history of benign breast disease

No 93 (80.9) 77 (69.4) 23 (70.6) 9 (75.0)

Yes 22 (19.1) 34 (30.6) 0.064 10 (29.4) 0.229 3 (25.0) 0.703

Unknown* 0 4 1 0
Breast density

Low 58 (65.9) 35 (46.1) 14 (42.4) 5 (45.5)

High 30 (34.1) 41 (53.9) 0.012 19 (57.6) 0.023 6 (54.5) 0.201

Unknown* 27 39 1 2

* Screen-detected cancers and all interval cancers are compared. Fisher’s exact two-sided test

® Screen-detected cancers and true intervals are compared. Fisher’s exact two-sided test

¢ Screen-detected cancers and false negatives are compared. Fisher’s exact two-sided test

4 Tumors with missing information were excluded for calculation of percentage

of screen-detected and 22.3% interval cancers; p = 1.000),
as was the percentage of HER2 overexpression (18.3% in
screen-detected and 18.0% interval cancers; p = 1.000).
However, differences appeared when we compared screen-
detected cancers with true interval cancers: true interval
cancers showed higher p53 expression (21.8% of screen-
detected and 34.4% of true interval cancers) and lower
HER?2 expression than screen-detected cancers (18.3% of
screen-detected and 12.5% of true interval cancers).
Indeed, p53 expression was associated with RE/RP-—
tumors (p < 0.001) or HER2 + tumors (p < 0.001) (data
not shown). The distribution of phenotypes between
interval and screen-detected cancers was heterogeneous,
but the differences were only statistically significant when
true interval tumors were compared with screen-detected

cancers. The most frequent phenotype in all four groups
was Luminal A, but the highest percentage was observed in
screen-detected cancers (55.7%), followed by all interval
cancers (52.3%), false negatives (46.2%), and true interval
cancers (40.6%). The HER2 phenotype occurred more
frequently in screen-detected (18.9%) than in interval
cancers (15.3%) and true interval cancers (12.5%). How-
ever, the percentage of triple negative phenotype was
higher in interval tumors (17.1%) than in screen-detected
cancers (7.5%), with the highest occurrence (28.1%) in true
interval cancers. There were no significant differences in
phenotypic classification between screen-detected and false
negatives tumors.

The results of multiple logistic regression analysis are
shown in Table 6. Tumors presenting triple negative
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Table 4 Tumor-related data according to cancer classification

Factor Screen-detected cancers  Interval cancers Interval cancers with available mammograms n = 80
True interval cancers False negatives
n =115 (%) n=118 (%) pvalue® n=34(%) p value® n =13 (%) p value®
TNM stage
0 (in situ) 23 (21.5) 7 (6.2) 0 (0) 0 (0)
I 49 (45.8) 31 (27.4) 7 (20.6) 4 (30.8)
I 29 (27.1) 44 (38.9) 16 (47.1) 4 (30.8)
I 6 (5.6) 28 (24.8) 10 (29.4) 4 (30.8)
v 0 (0) 32.7) <0.001 12.9) <0.001 1(7.7 0.001
Unknown* 8 5 0 0
Tumor size (mm)
In situ and <10 mm 55 (48.7) 24 (23.1) 3 (9.09) 3 (30.0)
10-20 mm 31 (27.4) 27 (26.0) 8 (24.2) 1 (10.0)
>20 mm 27 (23.9) 53 (51.0) <0.001 22 (66.7) <0.001 6 (60.0) 0.080
Unknown* 2 14 1 3
Histologic grade
I 31 (33.3) 15 (15.6) 7 (22.6) 3 (25.0)
I 37 (39.8) 45 (46.9) 14 (45.2) 541.7)
11 25 (26.9) 36 (37.5) 0.016 10 (32.3) 0.546 4 (33.3) 0.863
Unknown* 22 22 3 1
Morphology/histopathological type
Ductal cancer 92 (80.0) 84 (71.2) 29 (85.3) 11 (84.6)
Lobular cancer 7 (6.1) 16 (13.6) 3 (8.8) 0 (0)
Others 16 (13.9) 18 (15.3) 0.146 2 (5.9) 0.445 2 (1.8) 1.000
Lymph node status
Negative 82 (73.2) 66 (58.4) 18 (52.9) 4 (33.3)
Positive 30 (26.8) 47 (41.6) 0.024 16 (47.1) 0.035 8 (66.7) 0.008
Unknown* 3 5 4 1
Metastasis
Negative 110 (100) 112 (97.4) 33 (97.1) 12 (92.3)
Positive 0 (0) 3 (2.6) 0.247 12.9) 0.259 1(7.7) 0.106
Unknown 5 3 0 0

* Screen-detected cancers and all interval cancers are compared. Fisher’s exact two-sided test

® Screen-detected cancers and true intervals are compared. Fisher’s exact two-sided test

¢ Screen-detected cancers and false negatives are compared. Fisher’s exact two-sided test

9 Tumors with missing information were excluded for calculation of percentage

phenotype, dense breasts, and HRT use were independently
associated with both all interval cancers and true interval
cancers. The highest association effect was observed for
HRT use (OR = 9.32) and presentation of triple negative
phenotype (OR = 8.85) in true interval cancers.

Discussion
An outstanding finding of this study is the high proportion

of triple negative tumors among true interval cancers. This
finding indicates that some interval cancers may represent a

@ Springer

specific subgroup of cancers that more frequently expresses
a less-favorable predictive biomarker pattern and factors of
worse prognosis. These factors would make these tumors
less likely to be detected in regular screening programs.
To our knowledge, no previous study has evaluated
phenotypic classification among true interval and false
negative subgroups, and only a few studies have provided
biomarker information on interval subgroups. This lack of
studies may partly reflect difficulties in obtaining infor-
mation on interval cancers and their classification. Despite
these difficulties, radiological review of mammograms in
the present study showed similar percentages of true
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Table 5 Biomarker expression and phenotypic classification according to cancer classification
Factor Screen-detected cancers Interval cancers Interval cancers with available mammograms n = 80
True interval cancers False negatives
n =115 (%) n=118(%) p value® n = 34 (%) p value® n =13 (%) p value®
ER status
Negative 18 (15.9) 35 (30.7) 13 (39.4) 3(23.1)
Positive 95 (84.1) 79 (69.3) 0.012 20 (60.6) 0.007 10 (76.9) 0.454
Unknown* 2 4 1 0
PR status
Negative 40 (35.4) 53 (46.5) 21 (63.6) 5 (38.5)
Positive 73 (64.6) 61 (53.5) 0.106 12 (36.4) 0.005 8 (61.5) 1.000
Unknown? 2 4 1 0
pS3 status
Negative 86 (78.2) 73 (77.7) 21 (65.6) 11 (84.6)
Positive 24 (21.8) 21 (22.3) 1.000 11 (34.4) 0.166 2 (15.4) 0.734
Unknown* 5 24 2 0
HER?2 status
Negative 89 (81.7) 91 (82.0) 28 (87.5) 11 (84.6)
Positive 20 (18.3) 20 (18.0) 1.000 4 (12.5) 0.590 2 (15.4) 1.000
Unknown? 6 7 2 0
Phenotype
Luminal type A 59 (55.7) 58 (52.3) 13 (40.6) 6 (46.2)
Luminal type B 19 (17.9) 17 (15.3) 6 (18.8) 3(23.1)
HER2 20 (18.9) 17 (15.3) 4 (12.5) 2 (15.4)
Triple negative 8 (7.5) 19 (17.1) 0.193 9 (28.1) 0.028 2 (15.4) 0.645
Unknown? 9 7 2 0

% Screen-detected cancers and all interval cancers are compared. Fisher’s exact two-sided test

® Screen-detected cancers and true intervals are compared. Fisher’s exact two-sided test

¢ Screen-detected cancers and false negatives are compared. Fisher’s exact two-sided test

4 Tumors with missing information were excluded for calculation of percentage

interval cancers and false negatives to other studies [5, 7,
16, 17] and to the European Guidelines, which recommend
that false negative results represent less than 20% of
reviewed mammograms. Most interval cancers were
detected during the second year post-screening, which was
particularly important for true interval cancers.

The mean age of women with interval cancer was 59.7,
higher than the previously reported mean age, ranging from
54 to 59 [5, 7, 10, 13, 18]. One reason for this discrepancy
could be differences in the age of the target population
invited to participate in these programs. Some women
[5, 13] entered the screening program at 40 or 45 years,
which could reduce the mean age of women with interval
cancers. We found no differences among interval sub-
groups, whereas Vitak et al. [5] reported that women with
occult tumors were younger than those in other categories.
Age is known as a determinant of cancer and is also
associated with breast density and menopausal status,
factors that have previously been reported to be strongly

related to interval breast cancer [18, 19]. Although controls
were age matched to avoid the age confounding effect,
interval cancers were more likely to occur in women with
dense breasts, which is consistent with data reported in
previous studies [10, 19-21]. Breast density has recently
been shown not only to decrease mammogram sensitivity,
explained by a masking effect, but also to be a variable of
early biologic effect in epidemiological, clinical, and
genetic studies of breast cancer [22, 23].

Distinct hypotheses have been suggested to explain the
association between breast density and tumors that truly
arise in the interval after screening; one possible mecha-
nism that could link an increase in breast stroma to tumor
aggressiveness could be the action of growth factors pro-
duced in the stroma [24], such as insulin-like growth factor
(IGF)-I, an IGF that shows high mitotic activity and is
closely related to density [25]. Other authors have sug-
gested that there may be a relationship between breast
density and the estrogen levels intrinsic to women’s age
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Table 6 Factors associated with interval cancers and true interval cancers

Factor All interval cancers True interval cancers
Adjusted OR* (95% CI) p value Adjusted OR" (95% CI) p value

Phenotype

Others Ref.

Triple negative 4.70 (1.42-15.60) 0.011 8.85 (2.03-38.62) 0.004
Breast density

Low Ref.

High 2.77 (1.26-6.12) 0.012 3.08 (1.03-9.24) 0.045
Hormone replacement theraphy

No Ref.

Yes® 4.76 (1.04-21.82) 0.045 9.32 (1.28-68.12) 0.028
Family history of breast cancer

No Ref.

Yes 1.41 (0.47-4.27) 0.540 1.62 (0.36-7.17) 0.528
Personal history of breast disease

No Ref.

Yes 1.97 (0.82-4.75) 0.129 1.92 (0.56-6.62) 0.303

CI confidence interval

* QOdds ratio for occurrence of interval cancer, adjusted for age at screening mammogram, TNM stage and first or successive screening

® 0dds ratio for occurrence of true interval cancer, adjusted for age at screening mammogram, TNM stage and first or successive screening

¢ Include current and former users

and associated with HRT use [26]. Finally, a genetic
component has also been recognized [27]. However, this
association between breast density and breast cancer risk
has also been questioned [28] on the basis of the subjec-
tivity of breast density interpretation and reader variability
[29]. Therefore, the association between interval cancers
and true interval cancers with dense breasts, the effect of
high breast density on screening performance, as well as
the relationship between breast density and biological
processes are possible lines of future research. Harms and
benefits that might suppose a routine breast density deter-
mination should be analyzed.

Hormone replacement therapy can affect the accuracy of
breast cancer screening because of its association with
breast density [30]. In our study, the high OR found was
difficult to evaluate, because of very low number of cases.
However, these results are in agreement with the hypoth-
esis of a relationship between HRT and interval cancers, as
reported by some authors [18, 31].

Metastases to regional lymph nodes were more frequent
among interval breast cancers (especially false negative
tumors), as observed by other authors [7, 8, 17, 32]. This
finding is partly related to the longer time to diagnosis [32].

Some studies have compared biomarker expression
between interval cancers and screen-detected cancers. All
of these studies described lower ER and PR expression in
interval cancers [8, 10, 12, 13]. The results on HER2
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overexpression were more controversial, a higher propor-
tion of HER2 overexpression being observed in the interval
group in some studies [10, 13] and in screen-detected can-
cers in others [8]. We found no differences in HER2
expression between the two groups. The results on p53
expression were also contradictory. While Gilliland et al.
[12] suggested that p5S3 may be an independent determinant
for interval breast cancer (OR = 2.96), in our study, like
others [7, 8], no association between p53 and interval
cancers was observed. However, when distinct interval
subgroups were analyzed, p53 was overexpressed in true
interval cancers, especially in those with the triple negative
phenotype. This result has not previously been reported, but
Tan et al. [33] noted an association of p53 with triple
negative phenotype tumors, which was also related to a high
proportion of relapses. Studies of biomarker expression
among interval subgroups also reported the lowest expres-
sion of ER and PR in true interval cancers [5, 16, 32],
suggesting the existence of heterogeneity.

Phenotypic classification allowed us to detect a higher
prevalence of the triple negative phenotype in interval
cancers than in controls, especially in true interval cancers.
These results are consistent with those reported by Collet
et al. [10] in a study with a similar sample size (95 interval
cancers) from a Norwegian Breast Cancer Screening Pro-
gram that reported that basal-like phenotype was more
frequent in interval cancers than in screen-detected
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cancers. These results suggest that true interval cancers
could be a particular subgroup with specific characteristics
rendering these tumors less likely to be detected in regular
screening and more likely to have the poorest prognosis, a
possibility that is related to the length bias in the screening
program. Efforts should be made to identify women at risk
of developing triple negative breast cancers, including
young women [34], BRCA1/2 mutation carriers [35], and
women with high breast density [36]. These women could
be offered shorter intervals between screening periods or
be included in screening programs earlier.

The present study has some limitations, the main one
being the small sample size. Cases included in a single
screening program but diagnosed and treated at two hos-
pitals were studied, reducing the sample size but ensuring
the quality and homogeneity of the data. The sample size of
the present study is too small to establish a high risk group
except for women with dense breasts; however, some of the
variables studied, such as HRT use and screening round,
should be taken into consideration in further studies.
Complete classification of all interval cancers was not
possible because not all mammograms were available, in
partly because of the long retrospective period analyzed.
However, no differences were observed between interval
cancers with and without mammograms, indicating the
absence of selection bias. Few studies have reported a
larger sample size, partly due to the low incidence of
interval cancers and the difficulty of obtaining information
on this type of tumor, which requires follow-up of the
target population and can only be identified in population
based, but not in opportunistic, breast cancer screening
programs. In addition, radiological classification of interval
cancers is not easy to perform, and well-established pro-
tocols are lacking. Consequently, comparison of the results
on interval cancers is difficult, given that many studies
follow different strategies of interval classification [37].
We performed two mammographic reviews with both
blinded and unblinded components, as recommended by
the European Guidelines [4].

In conclusion, a more aggressive molecular phenotype
(triple negative phenotype) was identified in breast tumors
that truly arise in the interval between screenings and most
true interval cancers were detected in women with dense
breasts. Although interval cancers were influenced by
screening periodicity, this finding provides the opportunity
to apply new knowledge on molecular and genetic breast
cancer research to screening. The characterization of dif-
ferent subgroups of interval cancers, particularly true
interval cancers, could help to improve the efficiency of
screening programs by aiding the choice of optimal inter-
vals between screenings or the use of screening technolo-
gies for specific subsets of women.
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Resum:

BACKGROUND: The question of whether screen detection confers an additional survival benefit in breast
cancer is unclear and subject to several biases. Our aim was to examine the role of the diagnostic method
(screen-detected, symptom-detected, and true interval cancers) and the clinical-pathological features in

relapse-free survival and overall survival in breast cancer patients.

METHODS: We included 228 invasive breast cancers diagnosed in Barcelona from 1996 to 2008 among
women aged 50-69 years. Ninety-seven patients were screen detected within the screening, 34 truly arose
between 2-year screening mammograms (true interval cancers), and 97 were symptom detected outside
the screening. The clinical-pathological features at diagnosis were compared. The overall and disease-
free survival probabilities were computed using the Kaplan-Meier method. Cox proportional hazard models

were applied, with adjustment by clinical-pathological variables.

RESULTS: At diagnosis, symptom-detected and true interval cancers were in more advanced stages and
were less differentiated. The highest proportion of triple-negative cancers was detected among true
interval cancers (P=0.002). At 5 years of follow-up, the disease-free survival rates for screen-detected,
true interval, and symptom-detected cancers were 87.5% (95% confidence interval, 80.5-95.2%), 64.1%
(46.4-88.5%), and 79.4% (71.0-88.8%), respectively, and the overall survival rates were 94.5% (89.3-
99.9%), 65.5% (47.1-91.2%), and 85.6% (78.3-93.6%), respectively. True interval cancers had the highest
hazard ratio for relapse prediction (1.89; 0.67-5.31) and a hazard ratio of death of 5.55 (1.61-19.15) after

adjustment for tumor-node-metastasis stage and phenotype.
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CONCLUSION: Clinically detected tumors, especially true interval cancers, more frequently showed
biological features related to worse prognosis and were associated with poorer survival even after
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Aggressiveness features and outcomes of true interval
cancers: comparison between screen-detected and

symptom-detected cancers

Laia Domingo®®®, Jordi Blanch®®, Sonia Servitja®, Josep Maria Corominas®,
Cristiane Murta-Nascimento?, Antonio Rueda’, Maximino Redondo®®,

vier : ri <
Xavier Castells®® and Maria Sala®%®

The question of whether screen detection confers an
additional survival benefit in breast cancer is unclear

and subject to several biases. Our aim was to examine
the role of the diagnostic method (screen-detected,
symptom-detected, and true interval cancers) and the
clinical-pathological features in relapse-free survival and
overall survival in breast cancer patients. We included

228 invasive breast cancers diagnosed in Barcelona

from 1996 to 2008 among women aged 50-69 years.
Ninety-seven patients were screen detected within the
screening, 34 truly arose between 2-year screening
mammograms (true interval cancers), and 97 were
symptom detected outside the screening. The
clinical-pathological features at diagnosis were compared.
The overall and disease-free survival probabilities were
computed using the Kaplan—-Meier method. Cox
proportional hazard models were applied, with adjustment
by clinical-pathological variables. At diagnosis, symptom-
detected and true interval cancers were in more advanced
stages and were less differentiated. The highest proportion
of triple-negative cancers was detected among true
interval cancers (P=0.002). At 5 years of follow-up, the
disease-free survival rates for screen-detected, true
interval, and symptom-detected cancers were 87.5%

(95% confidence interval, 80.5-95.2%), 64.1%
(46.4-88.5%), and 79.4% (71.0-88.8%), respectively,

and the overall survival rates were 94.5% (89.3-99.9%),

Introduction

In the last two decades, breast cancer survival has
improved. Reduced mortality from this disease has been
attributed to a combination of widespread mammographic
screening, the introduction of effective systemic treat-
ment modalities, and progress in radiotherapy and surgery
(Berry ez al., 2005; Benson ez al., 2009; Autier e a/., 2010).
However, the contribution of screening to this reduction
is unclear, as outcomes may be affected by several biases
such as lead-time bias (screen-detected cancers are
detected earlier in their natural course than those found
outside of screening), length bias (screening tends to
detect slow-growing tumors, which spend longer time in
the asymptomatic phase), and selection bias (the
screened population is not representative of the general
population).

0959-8278 © 2012 Wolters Kluwer Health | Lippincott Williams & Wilkins

65.5% (47.1-91.2%), and 85.6% (78.3-93.6%),
respectively. True interval cancers had the highest
hazard ratio for relapse prediction (1.89; 0.67-5.31) and
a hazard ratio of death of 5.55 (1.61-19.15) after
adjustment for tumor-node—-metastasis stage and
phenotype. Clinically detected tumors, especially true
interval cancers, more frequently showed biological
features related to worse prognosis and were
associated with poorer survival even after adjustment for
clinical-pathological characteristics. European Journal of
Cancer Prevention 22:21-28 © 2012 Wolters Kluwer Health
| Lippincott Williams & Wilkins.
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Previous works that have focused on breast cancer
survival and detection mode have reported that screen
detection confers an additional survival benefit beyond
the stage shift (Shen ez 4/., 2005; Wishart ez a/., 2008) and
reduces the risk of systemic recurrence compared with
symptomatic cancers at a similar stage (Joensuu ¢z a/.,
2004). However, part of this benefit remains unexplained
as it is difficult to obtain molecular information from a
large series of tumors for inclusion in statistical models
(Vitak ez a/., 1997; Immonen-Riihi ez a/., 2005; Shen e al.,
2005; Bordas ez al., 2007; Zackrisson ez al., 2007; Dawson
et al., 2009; Lawrence e al., 2009).

It is already known that tumors detected during screen-
ing are related to clinical-pathological features with a
better prognosis, such as low grade or hormone-receptor

DOI: 10.1097/CEJ.0b013e328354d324
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expression, compared with those detected by other
means (i.e. outside of screening or as interval cancers;
Bordas er /., 2007). Wider differences have been
described between screen-detected and interval cancers
(tumors that manifest clinically between a normal
screening result and the following invitation for screen-
ing), which are associated with a delay in diagnosis that
could potentially worsen prognosis and consequently
impair the program’s efficiency. Nevertheless, the great-
est differences have been found between screen-
detected cancers and true interval cancers (tumors with
a short preclinical phase and no suspicious finding after
radiological review of the previous mammogram). Among
this subgroup, increased tumor cell proliferation (Vitak
et al., 1997) and a higher occurrence of triple-negative
tumors [tumors that lack expression of estrogen receptor
(ER), progesterone receptor (PR), and human epidermal
growth factor receptor 2 (HERZ2)] have been reported
(Domingo ¢z al., 2010; Rayson ez a/., 2011). To date, this
biomarker pattern lacks the benefit of specific adjuvant
therapy and is associated with a poor prognosis (Chacon
and Costanzo, 2010).

Although differences at diagnosis have been reported
between screen-detected and true interval cancers, only
two studies (Vitak ez 4/., 1997; Rayson e a/., 2011) have
taken this latter group into consideration when evaluating
clinical outcomes, and both have reported significantly
poorer survival. However, neither of these studies
included information on phenotype and a group of
women who did not participate in the screening.

The aim of the present study was to evaluate the role of
the diagnostic method and biological characteristics in
relapse-free survival and overall survival in breast cancer
patients.

Methods

Setting

The study was carried out among women diagnosed with
breast cancer in a reference hospital in the city of
Barcelona (Spain) between 1995 and 2008. This center is
publicly funded, serves an area with around 300000
inhabitants, and has run a population-based breast cancer
screening program since 1995.

The screening program’s target population (~90000
women) is women aged 50-69 years, and involves women
who are invited to undergo mammography every 2 years.
Mediolateral, oblique, and craniocaudal views are avail-
able for each breast. All mammograms are read by two
radiologists, and when double reading leads to different
assessments, a third radiologist serves as a tiebreaker. The
program is based on the European Guidelines for Quality
Assurance in Mammographic Screening (Perry e al.,
2006) and its results meet the Europe Against Cancer
standards, although the participation rate barely reached
the standard level of 70%.

This study was approved by the Ethics Committee and
informed consent was obtained to supply tumor biopsy
material for pathologic evaluation.

Study population

A total of 1432 patients with breast cancer aged 50-69
years were identified from the hospital-based cancer
registry during the study period. Of these cancer cases
studied, 740 were detected in women attending the
breast cancer screening program (screen-detected can-
cers), 98 emerged as interval cancers between screening
mammograms, and 594 cancers were diagnosed among
women who did not participate in the screening program
(symptom-detected cancers) and who were referred with
breast abnormalities, typically palpable lesions, by their
primary care physicians or were self-referred to the
hospital.

Interval cancers were retrieved by merging the mammo-
graphy register with the hospital-based cancer registry; in
this process, we identified 98 interval cancers diagnosed
and treated in our setting. For these, we aimed to perform
a radiological review of both screening and diagnostic
mammograms to classify them into the five subtypes,
following European Guideline recommendations (Perry
et al., 2006). Both mammograms were available in 80
cases, and two experienced radiologists performed the
retrospective review. Screening mammograms were first
reviewed independently, and in a second review, the
radiologists assessed screening and diagnostic mammo-
grams with the histological information to determine
whether any abnormalities detected on the screening
films corresponded to the site of the subsequent interval
cancer. Interval breast cancers were definitively classified
into five subtypes: true interval cancer (z = 34), false
negative (z = 13), occult tumors (# = 14), minimal signs
(7 =4), and unclassifiable (# = 15). A complete descrip-
tion of the interval cancer identification process has been
published previously (Domingo ¢z 4/., 2010).

Because of difficulties in obtaining retrospective informa-
tion on such a large number of cases, a random sample of
screen-detected (7 = 97) and symptom-detected cancers
(7 =97) was selected. These two samples were compared
with all true interval cancers (#z = 34). In-situ cancers and
patients with stage IV breast cancer at diagnosis were
excluded from the analyses.

Data collection

Tumor-related data [pathological tumor-node—-metastasis
(TNM) status, histological type, histological grade],
patient-related data (age), and vital status at the end of
follow-up were obtained from the hospital-based cancer
registry. Data on treatment, recurrences, and immuno-
histochemical information (ER, PR, HER, and p53
status) were obtained from the registry of pathology, if
available, and from review of clinical records. Further
immunohistochemical analyses were carried out in tumor
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samples in which biomarker expression had not been
determined previously. Information on adjuvant treat-
ment (radiotherapy, chemotherapy, hormonotherapy, and
targeted therapies) and follow-up was obtained from the
clinical records.

Laboratory methods

ER, PR, p53, and HERZ2 are routinely determined during
the diagnostic process in our hospital. Samples lacking
information on biomarker expression were analyzed
following the same procedures as those used in clinical
practice. Immunohistochemical staining was performed
on paraffin block sections with the tissue specimens fixed
in 10% neutral-buffered formalin for 24 h [ER clone ID5,
1:50 (Dako, Glostrup, Denmark); PR clone PgR636,
1:200 (Dako); p53 clone DO7, 1:50 (Novocastra
Laboratories, Newcastle, UK); for Her2/neu protein
overexpression (HercepTest; Dako)]. In accordance with
standard guidelines, positivity for ER, PR, and p53 was
based on more than 10% of the cells testing positive. For
HER2, scores of 0-1 in the HerceptTest kit were
considered negative, whereas a HerceptTest score of 3
was considered positive. Equivocal scores of 2 were
confirmed by fluorescent in-situ hybridization as positive
when HERZ/neu oncogene amplification was detected.

On the basis of the expression of ER, PR, and HER2,
the tumors were classified into four phenotypes: (a)
luminal A (ER +, PR+, HER-); (b) luminal B (ER or
PR+, HER- or ER+, PR+ /-, HER +); (¢) HER2
(ER-, PR—, HERZ2 +); and (d) triple negative (ER—,
PR-, HER-) (Perou ez /., 2000; Cheang ez al., 2009).

Follow-up of cancer cases

Locoregional recurrence was defined as disease recur-
rence within the ipsilateral breast or chest wall, in the
ipsilateral axillary nodes, internal mammary nodes, or
supraclavicular nodes. Distant recurrence was defined as
disease recurrence in sites other than the breast or
regional lymph nodes (bone, skin, or visceral metastasis).

Disease-free survival was defined as the time from
diagnosis to the first occurrence of one or more of the
following: a local or regional recurrence, cancer in the
contralateral breast, distant metastasis, and second
primary carcinoma, whichever occurred first. Overall
survival was defined from the date of diagnosis to death
from any cause.

When disease-free survival was computed, women lost to
follow-up or those who died were censored either at last
visit or at death. For overall survival, patients were
censored at the date of their last hospital visit. The
median follow-up period was 5.13 years.

Statistical analysis
Contingency tables were calculated to compare possible
differences in patient and histopathological characteristics
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among the study groups. Statistical significance was
assessed using y-tests. Survival curves were generated
using the Kaplan—-Meier method and were compared by the
log-rank test. Kaplan—-Meier estimates of 5-year disease-
free and overall survival rates after diagnosis were
computed with 95% confidence intervals (CI).

Cox proportional hazard regression analyses were carried
out to evaluate survival differences between screen-
detected, true interval, and symptom-detected cancers,
controlling for known prognostic and predictive factors
such as age, TNM stage, and phenotype in an attempt to
control lead time and length biases related to screening,.
Unadjusted and adjusted hazard ratios and 95% CI were
computed and are shown for our main variable of interest
(detection method). We computed a baseline regression
model that included only the detection method, and
gradually, all other study variables were added to control
for their potential effect on survival times. The propor-
tional hazards assumption was ascertained by assessment
of log—log survival plots. All calculations were carried out
using the statistical software SPSS, version 12.0 (SPSS
Inc., Chicago, Illinois, USA) and R, version 2.12.2
(R Development Core Team, 2011). All P-values were
two-sided and values less than 0.05 were considered
statistically significant.

Results

The analyses included 228 patients with breast cancer, of
which 97 were screen-detected, 34 were true interval
cancers, and 97 were cancers detected symptomatically
outside of the screening program. The clinical and
pathological characteristics for the three detection groups
are shown in Table 1. At diagnosis, clinically detected
tumors (symptom-detected and true interval cancers)
were at more advanced stages, larger, more frequently
classified as lymph node positive, and poorly differen-
tiated compared with screen-detected cancers. The most
frequent phenotype in all three groups was luminal A, but
the highest percentage was observed among screen-
detected cancers (66.3%). However, the most frequent
occurrence of the triple-negative phenotype was found
among true interval cancers (28.1%), in contrast to the
proportions observed among screen-detected and symp-
tom-detected cancers (3.5 and 10.7%, respectively;
P =0.002).

The median follow-up was 6.7 years (range, 0.1-14.0) for
women with screen-detected cancer, 3.9 years (range,
0.5-11.7) for women with true interval cancer, and 6.2
years (range, 0.5-15.2) for symptomatic women. Figure 1
shows the disease-free survival curves by detection mode
and molecular phenotypes. Figure 2 shows the overall
survival curves by these same factors. Disease-free
survival and overall survival were worse in true interval
cancers than in screen-detected and symptomatic can-
cers. Disease-free survival was longer in luminal cancers
(both A and B) than in HERZ and triple-negative tumors
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Table 1  Clinical-pathological characteristics of screen-detected
cancers, true interval cancers, and symptom-detected cancers
Screen- True Symptom-
detected interval detected
cancers cancers cancers
n=234
n=97 (%) (%) n=97 (%) P-value®
Age group (years)
50-59 45 (46.4) 18 (52.9) 44 (45.4)
60-69 52 (63.6) 16 (47.1) 53 (54.6) 0.741
pTNM stage
| 56 (58.9) 7 (20.6) 34 (37.0)
I 34 (36.8) 18(52.9) 36 (39.1)
1l 5 (5.3) 9 (26.5) 22(23.9) <0.001
Unknown® 2 0 5
Tumor size (mm)
<20 69 (72.6) 13 (40.6) 41 (50.6)
20-50 22 (23.2) 13 (40.6) 31 (38.3)
>50 4 (4.2) 6 (18.8) 9 (11.1) 0.003
Unknown® 2 2 16
Lymph node involvement
Negative 71 (74.0) 16 (47.1) 47 (50.5
Positive 25 (26.0) 18(52.9) 46 (49.5) 0.001
Unknown® 1 0 4

Histological grade
| 45 (47.4) 9 (26.5)
Il 36 (37.9) 14 (41.2)
Ll 14 (14.7) 11 (32.3)

27 (29.7)
36 (39.6)
28 (30.8) 0.023

Unknown® 2 0 6
ER status
Negative 12 (13.0) 13 (39.4) 20 (24.4)
Positive 80 (87.0) 0 (60.6) 62 (75.6) 0.005
Unknown® 5 1 15
PR status
Negative 29 (31.5) 21 (63.6) 34 (42.0)
Positive 63 (68.5) 12 (36.4) 47 (58.0) 0.005
Unknown® 5 1 16
HER2 status
Negative 76 (87.4) 28 (87.5) 56 (71.8)
Positive 11 (12.6) 4 (12.5) 22(28.2) 0.023
Unknown® 10 2 19
p53 status
Negative 75 (84.3) 1 (65.6) 59 (76.6)
Positive 14 (15.7) 1(34.4) 18(23.4) 0.081
Unknown® 8 20
Phenotype
Luminal type A 57 (66.3) 12 (37.5) 34 (45.3)
Luminal type B 19 (22.1) 7 (21.9) 23 (30.7)
HER2 7 (8.1) 4(128) 10 (13.3)
Triple negative 3 (3.5) 9 (28.1) 8 (10.7) 0.002
Unknown® 11 2 22
Systemic treatment
Chemotherapy alone 13 (13.4) 14 (41.2) 20 (20.6)
Hormonal therapy alone 37 (38.1) 4 (11.8) 29 (29.9)
Chemotherapy and 36 (37.1) 15 (44.1) 41 (42.3)
hormonal therapy and/or
trastuzumab®
Local treatment only® 11 (11.3) 1(2.9) 7 (7.2) 0.006
Relapses
No relapses 85 (87.6) 26 (76.5) 75 (77.3)
Local relapses 2 (2.1) 0 (0) 1 (1.0)
Distant relapses 6 (6.2) 8 (235) 19 (19.6)
Second malignances 4 (4.1) 0 (0) 2 (2.1) 0.067
Death
No 89 (91.8) 26 (76.5) 74 (75.5)
Yes 8 (8.2) 8 (23.5) 23 (23.7) 0.009

ER, estrogen receptor; HER2, human epidermal growth factor receptor 2; PR,
progesterone receptor; TNM, tumor—-node—metastasis.

2Screen-detected, true interval, and symptom-detected cancers are compared.
%2 two-sided test.

Tumors  with missing information were excluded for the calculation of
percentage.

°Trastuzumab for HER2-positive breast cancer since 2006.

“Includes only local therapies (such as surgery and/or radiotherapy).

(log-rank test =12.1; P=0.007). Kaplan—-Meier esti-
mates of the 5-year disease-free survival rates after diag-
nosis for screen-detected, true interval, and symptom-
detected cancers were 87.5% (95% CI, 80.5-95.2%),
64.1% (95% CI, 46.4-88.5%), and 79.4% (95% CI,
71.0-88.8%), respectively. Kaplan-Meier estimates of
the 5-year overall survival rates after diagnosis for
screen-detected, true interval, and symptom-detected
cancers were 94.5% (95% CI, 89.3-99.9%), 65.5% (95%
Cl, 47.1-91.2%), and 85.6% (95% CI, 78.3-93.6%),
respectively.

Estimates of the Cox regression models to evaluate the
determinants associated with relapse-free survival and
overall survival are presented in Tables 2 and 3,
respectively. The unadjusted model showed that true
interval cancers and symptom-detected cancers had a
higher risk of relapse than screen-detected cancers, the
estimated hazard ratios being statistically significant for
true interval cancers. However, in the adjusted model,
the prognostic effect of the detection method was
attenuated, especially when biological factors were
included in the multivariate model. The hazard risk of
death was 5.02 (95% CI, 1.87-13.48) times higher among
true interval cancers, and was 2.78 (95% CI, 1.24-6.24)
times higher among symptom-detected cancers, com-
pared with screen-detected cancers. Adjustment for
TNM stage attenuated both values, which nevertheless
remained statistically significant. Finally, in the model
including phenotype, only true interval cancers were
associated with a worse prognosis.

Discussion

Our results suggest that tumors detected clinically,
especially true interval cancers, encompass a subgroup
of tumors with different biological characteristics leading
to poorer prognosis and worse outcomes than in screen-
detected cancers. When adjustment for age, TNM stage,
and phenotype was carried out, the detection mode
remained as an independent factor for overall survival.

As expected, the pathological characteristics of screen-
detected tumors were related to a better prognosis. At
diagnosis, screen-detected cancers were smaller, more
frequently lymph node-negative, and of lower grade than
clinically detected tumors. These findings are in agree-
ment with several publications (Vitak ez a/., 1997; Joensuu
et al., 2004; Collett et al., 2005; Shen er al., 2005; Bordas
et al., 2007; Palka ez a/., 2008; Chiarelli ez a/., 2012). Among
clinically detected tumors, 18.8% of true interval cancers
were larger than 50 mm, whereas this percentage was
11.1% for symptom-detected cancers. This finding is
especially important, given that true interval cancers have
a short preclinical phase (sojourn time) and truly arise in
less than 2 years. ER and PR positivity was more frequent
in screen-detected than in clinically detected cancers, as
observed in other studies (Sihto ¢ a/., 2008; Dawson ¢z a/.,
2009; Mook ez al., 2011; Nagtegaal ez a/., 2011), but not in
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Kaplan—Meier curves comparing disease-free rates by detection mode and phenotypes. Kaplan—Meier curves for disease-free survival by detection
method (a) and phenotypic classification (b) of breast tumors. The number of women at risk every 2 years is presented on the time axis. HER2, human
epidermal growth factor receptor 2; SDC, screen-detected cancers; SymDC, symptom-detected cancers; TIC, true interval cancers; TN, triple

negative.

all (Joensuu er al., 2004). In agreement with previous
series (Domingo e al., 2010; Van der Vegt e al.,
2010; Rayson er al., 2011), we found the highest
percentage of triple-negative tumors among true interval
cancers, with substantial differences when compared with
both screen-detected and symptom-detected cancers.

These results, together with the findings of other
researchers that relate true interval cancers with tumors
with high mitotic capacity and a high cell-proliferation
phase (Ki-67 and S-phase fraction; Vitak ¢z a/., 1997; Cro-
sier ez al., 1999; Kirsh ez a/., 2011), support the hypothesis
that true interval cancers constitute a subgroup of breast
cancers with rapid growth and high aggressiveness that
are less likely to be detected on screening mammograms.
These features may determine the probability of detec-
tion by screening programs; tumors with a shorter sojourn
time (which is the time taken by tumors to grow from a
mammographically detectable size to a clinically detect-
able size) are more likely to be detected between
screening intervals (Weedon-Fekjaer er a/., 2005). This
is in part a reflection of the length bias associated with
screening practices, in agreement with the idea that
tumors detected on routine screening are not simply
tumors diagnosed earlier, before becoming symptomatic,
but also show biological differences. However, a percentage

of screen-detected cancers also show features of worse
prognosis (41.1% in stages II-III, 26.3% lymph node
positive, and 3.5% presenting a triple-negative phenotype)
that could benefit from screening.

Several studies have shown that screen detection remains
an independent prognostic factor after adjustment for
disease stage (Joensuu ez /., 2004; Shen ez al., 2005; Wishart
et al., 2008) and some biological characteristics (Gill ez a/.,
2004; Sihto ez al., 2008; Dawson ez a/., 2009). Most of these
studies, which do not differentiate interval cancers,
recommend taking the detection method into account
when estimating individual prognosis (Joensuu ez af.,
2004; Mook ez al., 2011). In agreement with previous
series, our results showed better survival outcomes among
tumors detected by mammography than among those
detected by other means (Vitak ez 4/., 1997; Joensuu ez 4.,
2004; Bordas er al., 2007; Zackrisson et al., 2007). None-
theless, most of the studies considered all interval cancers
together, which may have attenuated the worse outcome
in the true interval cancer subgroup. Studies revealed that
true interval cancers (Vitak ez 4/., 1997; Van der Vegt ez al.,
2010; Rayson ez a/., 2011) showed a trend toward decreased
relapse-free and overall survival when compared with
cancers detected by other means. However, only Vitak ez /.
(1997) compared true interval with both screen-detected
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Kaplan—Meier curves comparing overall survival rates by detection mode and phenotypes. Kaplan—Meier curves for overall survival by detection
method (a) and phenotypic classification (b) of breast tumors. The number of women at risk every 2 years is presented on the time axis. HER2, human
epidermal growth factor receptor 2; SDC, screen-detected cancers; SymDC, symptom-detected cancers; TIC, true interval cancers.

Table 2 Comparison of disease-free survival regression models,
including the detection method, adjusted by different factors

Table 3 Comparison of overall survival regression models,
including the detection method, adjusted by different factors

Number

Model variables Categories Patients Events HR adj (95% ClI)

Number

Model variables Categories Patients Events HR adj (95% ClI)

Detection method SDC 97 12 Ref.
TIC 34 8 2.75 (1.12-6.77)
SymDC 97 22 1.85 (0.91-3.76)

Detection method + age + SDC 95 12 Ref.
TNM stage TIC 34 8 2.27 (0.90-5.72)
SymDC 92 22 1.84 (0.89-3.82)

Detection method +age + SbhC 84 11 Ref
TNM stage + phenotype TIC 32 8  1.89 (0.67-5.31)
SymDC 72 12 0.91 (0.37-2.27)

Detection method +age + SDC 84 11 Ref.
TNM stage + phenotype + TIC 32 8  1.95(0.66-5.79)
treatment SymDC 72 12 0.93 (0.37-2.35)

SDC 97 8 Ref.
TIC 34 8 5.02 (1.87-13.48)

Detection method

SymDC 97 23 2.78 (1.24-6.24)
Detection method + age + SDC 95 8 Ref
TNM stage TIC 34 8 3.87 (1.40-10.75)
SymDC 92 23 2.73 (1.20-6.21)
Detection method +age + SDC 84 6 Ref.
TNM stage + phenotype TIC 32 8 5.55 (1.61-19.15)
SymDC 72 12 2.14 (0.72-6.30)
Detection method + SDC 84 6 Ref.
age + TNM stage + TIC 32 8 7.67 (2.07-28.50)
phenotype + treatment SymDC 72 12 2.44 (0.79-7.54)

Cl, confidence interval; HR adj, adjusted hazard ratio; ref., reference; SDC,
screen-detected cancers; SymDC, symptom-detected cancers; TIC, true interval
cancers; TNM, tumor—-node—metastasis.

and symptom-detected cancers, whereas the remaining
studies did not include this last group.

Unadjusted Cox models for disease-free survival showed
the method of detection as an independent factor
for relapse prediction, consistent with previous series
including true interval cancers (Vitak ez a/., 1997; Rayson
et al., 2011). However, when tumor size and biological
characteristics were included in the multivariate analyses

Cl, confidence interval; HR adj, adjusted hazard ratio; ref., reference; SDC,
screen-detected cancers; SymDC, symptom-detected cancers; TIC, true interval
cancers; TNM, tumor—-node—metastasis.

to adjust for lead and length bias, as expected, the
prognostic value of the detection mode lost its effect for
recurrences. Nevertheless, for overall survival, our trends
suggest that true interval cancers trigger a subgroup of
breast cancers with an independent unfavorable prog-
nostic significance beyond that explained by the conven-
tional factors included in the present study. If confirmed,
this finding may merit further investigation into
its underlying biological mechanisms. Recently, some

Copyright © Lippincott Williams & Wilkins. Unauthorized reproduction of this article is prohibited.



genetic and epigenetic mechanisms have been related to
interval malignancies, such as the methylation process of
specific genes (Suijkerbuijk ¢z @/., 2011) or the action of
growth factors produced in the breast stroma in response
to tumor aggressiveness (Li ez /., 2005). Further efforts
should be made in the future to improve understanding
of the genetic mechanisms related to cancer aggressive-
ness, tumor cell proliferation, and the process of
carcinogenesis to improve the early detection of fast-
growing tumors.

This study has some limitations, the main one being the
small sample size. Given the difficulties in identifying
and classifying interval cancers, to date, few studies have
focused on true interval cancers. However, the current
study adds to previous analyses limited by incomplete
pathological data or a failure to restrict the analyses to
true interval cancers. Second, misclassification of the
detection mode cannot be excluded. Some interval
cancers could be classified as screen-detected if sympto-
matic women waited for the screening visit instead of
making an appointment with a physician. This misclassi-
fication would attenuate the effect studied. Thus, the
survival difference in favor of screened women might be
greater than that observed because of the inclusion of
some women with symptomatic cancers in the screened
cohort. In addition, the sociodemographic characteristics
of women participating in the screening program, whose
interval cancer was diagnosed and treated in other
hospitals, did not differ from those of women treated in
our setting. However, as participation in screening
practices may be affected by several selection factors,
we considered a group of women not affected by
screening in the analyses.

This study has some strengths. To our knowledge, this is
the first work focused on true interval cancer character-
ization that analyzes prognosis by considering cancers
detected both inside and outside screening, in addition to
the molecular profile. This design allows us to control the
main biases that affect the outcomes of the screening
practices. Moreover, all analyses were carried out with
information on phenotype and other biological markers
from recently diagnosed patients (1996-2008) who
received homogeneous adjuvant treatment on the basis
of the oncology protocol of our institution: chemotherapy
based on anthracyclines or anthracyclines and taxanes,
hormone therapies (tamoxifen or aromatase inhibitors),
and targeted therapies (trastuzumab has been prescribed
to patients with HER2 overexpression since 2006) in the
modern era.

Conclusion

These results suggest that screening programs detect a
major proportion of tumors with more favorable biological
characteristics, which could partly explain the better
survival of patients with screening-detected tumors.

Aggressiveness of true interval cancers Domingo et al. 27

Moreover, our results show that true interval cancers
share a subset of features of worse prognosis, related both
to their growth rate and short sojourn time, and to their
clinical course. Further understanding of their biologic
features and individual determinants could increase the
benefits of screening: in the short term, by increasing the
sensitivity of the programs and aiding the choice of
optimal screening interval for specific subsets of women
at high risk, and in the long term, by increasing the early
detection of tumors with a less favorable natural history.
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OBJECTIVES: To compare tumour characteristics between cancers detected with screen-film
mammography (SFM) and digital mammography (DM) and to evaluate changes in positive predictive
values (PPVs) for further assessments, for invasive procedures and for distinct radiological patterns in

recalled women.

METHODS: 242,838 screening mammograms (171,191 SFM and 71,647 DM) from 103,613 women aged
45-69 years, performed in four population-based breast cancer screening programmes in Spain, were
included. The tumour characteristics and PPVs of each group were compared. Radiological patterns
(masses, calcifications, distortions and asymmetries) among recalled women were described and PPVs

were evaluated.

RESULTS: The percentages of ductal carcinoma in situ (DCIS) were higher in DM than in SFM both in the
first [18.5% vs. 15.8%(p=0.580)] and in successive screenings [23.2% vs. 15.7%(p=0.115)]. PPVs for

masses, asymmetries and calcifications were higher in DM, being statistically significant in masses (5.3%

vs. 3.9%; proportion ratio: 1.37 95%Cl: 1.08-1.72). Among cancers detected by calcifications, the
percentage of DCIS was higher in DM (60.3% vs. 46.4%, p=0.060).

CONCLUSIONS: PPVs were higher when DM was used, both for further assessments and for invasive
procedures, with similar cancer detection rates and no statistically significant differences in tumour

characteristics. The greatest improvements in PPVs were found for masses

93



94



Eur Radiol (2011) 21:2020-2028
DOI 10.1007/s00330-011-2143-1

BREAST

Differences in radiological patterns, tumour characteristics
and diagnostic precision between digital mammography
and screen-film mammography in four breast cancer

screening programmes in Spain

Laia Domingo - Anabel Romero - Francesc Belvis - Mar Sanchez - Joana Ferrer -
Dolores Salas - Josefa Ibafiez - Alfonso Vega - Francesc Ferrer - M. Soledad Laso -

Francesc Macia - Xavier Castells - Maria Sala

Received: 28 January 2011 /Revised: 16 March 2011 /Accepted: 27 March 2011 /Published online: 11 May 2011

© European Society of Radiology 2011

Abstract

Objectives To compare tumour characteristics between can-
cers detected with screen-film mammography (SFM) and
digital mammography (DM) and to evaluate changes in
positive predictive values (PPVs) for further assessments,
for invasive procedures and for distinct radiological patterns
in recalled women.

Methods 242,838 screening mammograms (171,191 SFM
and 71,647 DM) from 103,613 women aged 45-69 years,
performed in four population-based breast cancer screening
programmes in Spain, were included. The tumour charac-
teristics and PPVs of each group were compared. Radio-
logical patterns (masses, calcifications, distortions and
asymmetries) among recalled women were described and
PPVs were evaluated.

Results The percentages of ductal carcinoma in situ (DCIS)
were higher in DM than in SFM both in the first [18.5% vs.
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15.8%(p=0.580)] and in successive screenings [23.2% vs.
15.7%(@p=0.115)]. PPVs for masses, asymmetries and
calcifications were higher in DM, being statistically
significant in masses (5.3% vs. 3.9%; proportion ratio:
1.37 95%CI: 1.08-1.72). Among cancers detected by
calcifications, the percentage of DCIS was higher in DM
(60.3% vs. 46.4%, p=0.060).

Conclusions PPVs were higher when DM was used,
both for further assessments and for invasive proce-
dures, with similar cancer detection rates and no
statistically significant differences in tumour character-
istics. The greatest improvements in PPVs were found
for masses.
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Introduction

Full-field digital mammography (DM) systems have been
commercially available since 2000. This new technology is
widely used in breast screening programmes given its many
technical advantages, such as image quality and dose
optimisation, archiving and image transfer capability,
processing after image acquisition, immediate digital
magnification, reduced radiation exposure, and computer-
assisted detection [1].

Trials comparing the two techniques have reported
that detection rates in DM are at least as high as those
for screen-film mammography (SFM) [2]. Some of these
studies have shown higher accuracy in pre- or perimeno-
pausal women, young women (<50 years old) and women
with dense breast tissue [3]. However, some studies have
reported an overall higher cancer detection rate with a
higher recall rate [4] with DM than with SFM while others
have described lower recall rates and false-positive results
with DM [5-8] leading to differences in the positive
predictive values (PPV) of breast cancer among recalled
women. Some differences in the proportion of ductal
carcinoma in situ (DCIS) and invasive cancer have also
been reported [9, 10]. One study reported a high detection
rate for cancers depicted as calcifications with DM, most
of which were ductal carcinomas in situ (DCIS) [11],
while another suggested that DM has the potential to
increase the rate of invasive cancers detected on the basis
of isolated calcifications [12]. Hambly et al. reported that
the detection rate of DCIS due to calcifications was
significantly higher for DM, and the invasive cancers rate
detected due to architectural distortion was also higher in
DM [13].

However, few studies are available with somehow
contradictory results concerning differences in the radio-
logical findings for women recalled for diagnostic work-up
in SFM versus DM in population-based screening pro-
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grammes. Although the available information suggests that
differences, if any, are few, complete evaluation of DM in
breast cancer screening programmes is required to allow the
balance of risks and benefits of these programmes to be
accurately evaluated at a time when the value of screening
is being questioned [14].

Our objective was to compare tumour characteristics
(proportion of invasive cancers or DCIS, size, and lymph
node status) between cancers detected with SFM and DM
and to evaluate changes in diagnostic precision for all
further assessments (whether invasive or non-invasive), for
invasive procedures and for distinct radiological patterns in
recalled women by comparing positive predictive values
(PPVs) in SFM and DM.

Methods
Population and methods

The project enrolled five radiology units from four different
population-based breast cancer screening programmes in
Spain (Cantabria, Barcelona, Girona and Valencia) covering
a population of 1,300,000 inhabitants. All the programmes
are based on the European guidelines for quality assurance
in mammography screening [15] and their results meet the
required standards.

The study was approved by the ethics committee and
informed consent was not required. The selection criterion
for inclusion in the screening programmes was having
completed at least one screening round performed with DM
by December 2007. Women in the target population
received information on screening and were invited to
undergo mammography with a 2-year interval between
screening rounds. Screening age was 50 to 69 years in three
programmes and 45 to 69 years in one programme. All
radiology units began screening activities between 1996
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and 1998 using screen-film radiographic technology and
switched to full-field digital mammography between
September 2004 (one programme) and January 2005
(three programmes).

More detailed information on screening performance in
the programmes involved in the study and on database
construction is described in a previous work [16].

The final database covered information on the women,
on the screening technique (screen-film or digital mam-
mography), information on further assessments after a
positive screening mammogram (non-invasive or invasive
procedures, and early recalls), and information on the
characteristics of the tumour (DCIS or invasive cancer,
tumour size and lymph node status, according to the TNM
classification). A definitive diagnosis of breast cancer was
always histopathologically confirmed. Moreover, the mam-
mographic findings of recalled women were collected and
classified as 1) tumour-like mass, 2) parenchymal asym-
metry, 3) calcification, 4) parenchymal distortion, 5) other
patterns, and 6) multiple patterns. To assess the PPV of each
mammographic pattern, multiple patterns were excluded
from the analysis.

Study population

This study included women participating in at least one
screening in any of the four screening programmes from the
beginning of each programme to December 2007. Mammo-
grams performed with DM during the first 3 months after
the switch in technology, considered a learning period, were
excluded and only soft copy reading mammograms were
included in the analysis. A total of 242,838 screening
mammograms from 103,613 women were included in the
analysis, of which 171,191 were SFM and 71,647 were
DM.

Screening results

Three possible outcomes of a screening test were consid-
ered: normal findings (for which a follow-up at 2 years is
recommended), a positive result (abnormal findings requir-
ing recall for further assessment to rule out malignancy),
and early recall (i.e., requiring an intermediate mammo-
gram before the normal 2-year interval). A positive result
was considered a true-positive result if, after further
assessments, breast cancer was found (DCIS or invasive
cancer). Otherwise, the result was considered a false-
positive. Early recalls were not considered false-positives
if they did not involve further procedures.

Further assessments could include both noninvasive (mag-
netic resonance imaging, ultrasonography, additional mam-
mography) and invasive procedures (fine-needle aspiration
cytology, core-needle biopsy and open biopsy).

@ Springer

Statistical analysis

Cancer detection was defined as the percentage of screened
women with a true-positive result, i.e. a final diagnosis of
DCIS or invasive cancer. The PPV was the proportion of
patients with positive results who were correctly diagnosed.
PPV was computed in DM and SFM for women whom at
least one further assessment was performed (whether
invasive or non-invasive) (PPV,) and for women recalled
for invasive procedures (PPV,). PPVs were compared using
a formal test for comparison of proportions.

Cancer detection rates and tumour characteristics were
described for the SFM and DM groups by using simple
proportions and were compared using Pearson’s chi-square test.

The evolution of cancer detection rates (for overall cancers,
DCIS and invasive cancers) was represented using a combined
time/technique variable, which allowed us to exclude potential
confounding due to time trends. We divided the screening
history in each radiology unit in six consecutive time intervals.
The SFM period was divided in four equal time intervals
(quartiles) and, similarly, the DM period was divided into two
intervals (median). In each radiology unit, the first digital
period was preceded by four screen-film periods.

PPVs were also calculated according to radiological
findings, i.e. the number of cancers detected in each
radiological pattern in both SFM and DM. The PPVs in
each radiological pattern were compared in SFM and in
DM by the proportional ratio (PR).

The percentages of invasive cancers and DCIS for each
radiological pattern were compared between the two techniques.
For these latter two analyses, we only included information of
screening mammograms requiring further assessments. Multi-
ple radiological patterns were excluded in an attempt to establish
direct links between suspicious patterns and cancer diagnoses.
PPVs were compared by estimating the PR.

Statistical analyses were performed using the SPSS
(version 12.0) and R statistical software programmes. All
p values <0.05 were considered significant.

Results

During the study period, 242,838 screening mammograms were
performed in 103,613 women: 171,191 with SFM and 71,647
with DM. Figure 1 summarizes the screening mammograms
performed, the number of women who were recalled for
further assessments, and the invasive procedures performed in
the SFM and DM groups. The number of women with an early
recall who required an intermediate mammogram, and the
number of cancers detected in each group are also shown. The
percentage of recalled and early-recalled women was lower in
the DM group. For recalled women, the percentages of
invasive procedures were lower in the DM group. As a result,
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Fig. 1 Flowchart of the screen-
ing tests performed in Screen-
Film Mammography (SFM) and
Digital Mammography (DM),
number of recalled or early
recalled women, invasive proce-
dures performed and cancers
detected at each group

Screened women
N=103,613

Screening tests

N=242,838
|
SFM DM
N=171,191 N=71,647
| |
v v
Normal findings Normal findings
N=155,609 N=67,016
v \ 4
Recalled Recalled
N=13,708 (8,0%)* N=4,392 (6,1%)*
\ 4 v
Early recalled Early recalled
N=1,337 (0,8%)' N=179 ((3.2%)T
h 4 \ 4
Further Further
: s : nents
N=152 (11,4%) N=28 (15,6%)
v v
Invasive Invasive
procedures procedures

N=3,985 (28.8%)"

Cancer
N=770

PPV;: 5.5%
PPV, :19.3%

N=839 (19.0%)"

Cancer
N=310
PPV;:7.0%
PPV, :36.9%

*Percentage of recalled women for further assessments among the total of screening tests
tPercentage of early recalled women among the total of screening tests
}Percentage of invasive procedures performed among the total of recalled women and early recalled women with further

assessments
PPV: Predictive Positive Value

PPV, : Percentage of cancers among the total of women whom at least one further assessment was performed
PPV, : Percentage of cancers among the total of women recalled for invasive procedures performed

The total number of screening tests in SFM and DM was not the sum of tests with normal findings, recalled for further
assessments and early recalled since some recalled and early-recalled women did not attend the invitation for further
assessments (N=537 in SFM and N=60 in DM).

PPV1 and PPV2 were higher in DM than in SFM: [PPV1:
7.0% (310 of 4,420) and 5.5% (770 of 13,860) (p<0.001);
PPV2: 36.9% (310 of 839) and 19.3% (770 of 3,985)
(»<0.001) in DM and SFM respectively].

Cancer detection rates and tumour characteristics in the
SFM and DM groups are shown in Table 1. We found no
statistically significant differences in cancer detection rates
or tumour characteristics between the two groups. In the
first and successive screenings, the percentages of DCIS
were higher in the DM than in the SFM group: 18.5% (15
of 81) vs 15.8% (51 of 322) (p=0.580), respectively, in the

first screening and 23.2% (43 of 185) vs 15.7% (52 of 332)
(p=0.115), respectively, in successive screenings. Tumour
sizes were similar in both groups, most of them having a
maximum diameter of 2 cm or less, both for the first and
successive screenings. Most of the tumours detected
showed no lymph node involvement at diagnosis. The
percentage of negative lymph node status was slightly
higher in the DM group: 79.3% (65 of 82) vs. 74.9% (239
of 319) (p=0.412) in first screening and 83.6% (153 of
183) vs. 78.7% (263 of 334) (p=0.182) in successive
screenings.
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Table 1 Cancer detection and tumour characteristics according to screen-film mammography or digital mammography

Screen-film mammography Digital mammography Total
n % n % p n %
Screened women® 84,871 o 61,795 o o 103,613 o
Screening mammograms 171,191 70.5 71,647 29.5 o 242,838 100
Cancer detection® 770 0.45 310 0.43 0.592 1,080 0.44
Age <50 48 0.31 22 0.32 0.904 70 0.31
Age>=50 722 0.46 288 0.44 0.578 1,010 0.46
Tumour size (mm)°
First screening
DCIS 51 15.8 15 18.5 66 14.1
T1 (22 cm) 190 59.0 46 56.8 0.580 236 50.4
T2 (2-5 cm) 67 20.8 18 222 85 18.2
T3 (>5 cm) 5 1.6 1 1.2 6 1.3
T4 9 2.8 1.2 10 2.1
Unknown size 61 o 4 o 65 13.9
Successive screening
DCIS 52 15.7 43 23.2 95 15.8
T1 (=2 cm) 211 63.6 117 63.2 0.115 328 54.4
T2 (2-5 cm) 56 16.9 22 11.9 78 12.9
T3 (>5 cm) 8 2.4 3 1.6 11 1.8
T4 5 1.5 0 0.0 5 0.8
Unknown size 52 o 34 86 14.3
Lymph node status
First screening
Negative 239 74.9 65 79.3 0.412 304 75.8
Positive 80 25.1 17 20.7 97 24.2
Unknown 67 o 4 o 71 o
Successive screening
Negative 263 78.7 153 83.6 0.182 416 80.5
Positive 71 21.3 30 16.4 101 19.5
Unknown 50 41 91

* The total number of screened women was not the sum of screen-film and digital mammography screened women, since some women were

screened by both techniques

® The percentage of cancers detected was computed as follows: (number of cancers / screening mammograms performed)x100

¢ N=1,071 tumours. In 6 cancers in SFM and in 3 in DM the type of tumour (invasive or in situ) was unknown

DCIS: Ductal carcinoma in situ

Cancer detection rates by technique-period are shown in
Fig. 2. After an initial decrease from the first SFM period
(which included prevalent screening for all screening
programmes) to the second SFM period, there was a
slightly rising temporal trend (p=0.049), mainly for overall
and DCIS rates.

Out of the 242,838 screening mammograms per-
formed (whether screening mammograms or intermedi-
ate mammograms), 18,280 (7.5%) required women to be
recalled for further assessments. Of these 18,280
mammograms, radiological information was available
in 15,327 (83.8%; 11,413 in SFM and 3,914 in DM).

@ Springer

Among these 15,327 mammograms, multiple patterns
were observed in 3,848 (25.1%), which were excluded
for PPV comparisons. Consequently, Table 2 provides
information on 11,479 (74.9%, 11479 of 15327) mammo-
grams (8,297 in SFM and 3,182 in DM) showing a single
radiological pattern. For masses, asymmetries and calcifi-
cations, PPVs were higher in the DM group and were
statistically significant in masses [5.3% (97 of 1,826) vs.
3.9% (223 of 5,736); proportion ratio: 1.37; confidence
interval 95%: 1.08-1.72]. The PPV for distortions was
higher among SFM, although this difference was not
statistically significant.
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Fig. 2 Cancer detection rates
(total, invasive and ductal

carcinoma in situ) by .
technique-period

Lurmuha ol r ki fab BH- modmica) 1 achiee
" - -

The types of cancer detected (invasive or DCIS) by SFM
and DM, based on the radiological pattern, are shown in
Table 3. No statistically differences were observed among
the types of tumour detected in each radiological pattern in
the two study groups. Most tumours detected on the basis
of a suspicious tumour-like mass were invasive in both
groups: 94.6% (210 of 222) in SFM and 98.9% (92 of 93)
in DM (p=0.118), as were tumours detected by distortions
or asymmetries. All tumours detected by asymmetries were
invasive. In cancers detected by observation of calcifica-
tions, the percentage of DCIS was higher in the DM group:
60.3% (41 of 68) vs. 46.4% (64 of 138) (p=0.060).

Discussion

This study retrospectively analysed a cohort of 103,613
women screened between 1996 and 2007 using SFM and/or
DM. Our results show that PPV increases when DM is
used, both for all further assessments and for invasive

© —_
. . M —
—_— a1 1a e —
- —,— e ———
-
.
ac°" - - —_———x- - . |
.- == -0 =
M - L "
- D I
i Ee gl @ o
o [

SRLLLF U - Tu i . Fas TR
<F L FCh -2 FCR -2 z
IR L (% LTS MR ety

procedures, with similar cancer detection rates and without
statistically significant differences in tumour characteristics.
The greatest improvements in PPV were detected in the
radiological pattern of masses.

Increases in PPV were expected, given the reduction in
recall rates with DM, with similar detection rates for both
techniques observed in our setting [16]. Our results with DM
are closer to the recommendations in the European guide-
lines, which set an acceptable level of recall for further
assessments of <7% of women in the initial screening
and of <5% in subsequent screening examinations, and
percentages of early-recalled women at <1% [15].

Although consensus is lacking [13, 17], several publica-
tions report higher PPV with DM than with SFM [9, 11,
18]. Del Turco et al. reported PPVs of 14.7% for SFM and
15.9% for DM (p=0.65). Similarly, Vigeland et al. reported
PPVs of 13.5% for SFM and 16.6% for DM (p=0.014).
Lipasti et al. also reported a higher PPV for DM, with a
relative rate of 1.42 (confidence interval 95%:
1.11-1.82). However, there were some methodological

Table 2 Positive predictive values (PPV) according to radiological pattern in screen-film and digital mammography

Radiological patterns (N) Screen-film mammography

Digital mammography

Radiological Cancer PPV Radiological Cancer PPV PR 95% CI1

findings N (%) N % findings N (%) N %
Mass 5,736 (69.1) 223 3.9 1,826 (57.4) 97 5.3 1.37 1.08-1.72
Microcalcifications 994 (12.0) 140 14.1 403 (12.7) 69 17.1 1.22 0.93-1.58
Distortion 512 (6.2) 103 20.1 230 (7.2) 34 14.8 0.73 0.52-1.05
Asymmetry 1,013 (12.2) 26 2.6 707 (22.2) 22 3.1 1.21 0.69-2.12
Other 42 (0.5) 3 7.1 16 (0.5) 2 12.5 1.75 0.32-9.52
Total 8,297 (100.0) 495 6.0 3,182 (100.0) 224 7.0 1.18 1.01-1.37

N=11479, Single radiological patterns observed in women recalled for further assessments (N=8,297 in screen-film mammography and N=3,182

in digital mammography)

N=719 detected cancers (495 in screen-film mammography and 224 in digital mammography)

Cancers

PPV% = (Radialogical »/indingx) % 100

PR (proportion ratio) = (gﬁ'ﬁ;’%)
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Table 3 Invasive or ductal car-

cinoma in situ detected by Scrfen film mammography Digoital mammography P
screen-film mammography and N (%) N (%)
digital mammography, based on
the radiological pattern observed Masses
All cancers 223 97 0.118
Invasive 210 (94.6) 92 (98.9)
DCIS 12 (5.4) 1(L1.1)
Calcifications
All cancers 140 69 0.060
Invasive 74 (53.6) 27 (39.7)
DCIS 64 (46.4) 41 (60.3)
Distortions

DCIS: Ductal carcinoma in situ All cancers 103 34 0.092
Only cancers based on a single Invasive 101 (98.1) 30 (50.9)
radiological pattern (N=719; DCIS 2(1.9) 3.1
495 in screen film mammogra- Asymmetries
phy and 224 in digit.al All cancers 26 22 na
mammography) are included Tnvasive 26 (100.0) 22 (100.0)
The number of all cancers may DCIS 0 (0.0) 0 (0.0)
not be the sum of invasive ‘ '
cancers and DCIS, since the Other
type of tumour was sometimes All cancers 3 2 0.400
unknown: 3 cases in screen film Invasive 2 (66.7) 0 (0.0)
mammography and 6 cases in DCIS 1 (33.3) 2 (100.0)

digital mammography

differences between these studies and our own, mainly
in the design of the study groups, thus hampering
comparisons. The PPV values reported in above men-
tioned studies were probably higher due to the lower
recall rate in their settings.

In the final results of the Oslo II randomised trial, the
PPVs computed for invasive procedures were higher when
DM was used [17]. To date there are no data from other
population-based programmes. The need from data from
population-based programmes is especially pressing be-
cause a false-positive result leading to an invasive proce-
dure has a greater negative physical impact on women and
involves a higher cost than imaging procedures [19].
Implementation of digital technologies seems to decrease
the adverse effects related to recall rate and false positive
results whereas detection performance is at least as good
as with SFM [16]. Because most European screening
programmes are population-based, changes in screening
results would prevent a large number of women from
experiencing the adverse effects of this preventive modal-
ity and would reduce related costs. In the USA, where
recall rates could be at least two or three times higher than
in Europe, the impact of these findings could represent a
greater improvement [20].

Although not statistically significant, tumour character-
istics at diagnosis seem to be in an earlier stage when
digital technology is used. As reported in other studies,
lymph node involvement tends to be lower [9] and invasive
tumours tend to be smaller [11] when DM is used, both for

@ Springer

first (prevalent cancers) and successive screenings (incident
cancers). In agreement with previous works [9—-11], in our
study the proportion of DCIS was higher in DM than SFM,
although this difference was nonsignificant. Vigeland et al.
found that the proportion of DCIS in their DM study
population was 27.1% compared with 16.3% in women
screened with SFM (»p<0.001) [9]. The European guide-
lines state that the proportion of screen-detected invasive
cancers should be 80-90%, meaning that 20% is the
maximum limit for DCIS [15]; however, the optimal
proportion of DCIS in a screening programme is still
controversial.

Detection of DCIS is highly important because this type
of tumour might be the immediate precursor of invasive
breast cancers, which are potentially lethal [21], although
some DCIS—around 25%-30%—may never progress to
invasive disease [22]. At this time, we cannot determine
which tumours will and which tumours will not progress
[23]. Thus, screening mammography may currently be
benefiting some women whose DCIS will progress to
invasive cancer but potentially harming other women
whose DCIS would never be associated with subsequent
invasive cancer and who, for lack of good prognostic
indicators, are almost always treated with surgery and
adjuvant therapies [24]. Therefore, detection of DCIS
reduces the subsequent incidence of invasive ductal
carcinoma, and early diagnosis may save lives by prevent-
ing the development of invasive carcinoma with metastatic
potential [25].
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Time trends for the incidence of in situ and invasive
cancers in the cohort studied should be carefully interpreted
because of the relatively short DM period. However, in the
last digital period, the incidence of both invasive cancers
and DCIS increased, reaching a similar DCIS incidence rate
to that reported in 2009 by Weigel et al. in their population,
screened with DM only [26]. The slightly rising temporal
trend observed in our study should be confirmed in future
works.

The PPVs for radiological patterns were similar with
both techniques, but were higher with DM, reaching
statistical significant only for masses. Only a few studies
have compared the PPVs of DM and SFM according to
radiological patterns [11, 18]. Our relative rate for masses
was very similar to that in a Finnish study, which also
found that the PPV specific for calcifications was higher
with DM, although this difference was not statistically
significant (53.4% vs. 41.1%). Another study performed in
a digital screening unit of a German nationwide programme
reported a PPV specific for calcifications of 18.5%, a
percentage very similar to our data (17.1%) [12]. Therefore,
whereas there are no conclusive data indicating better
diagnostic precision in DM for some mammographic
findings (calcifications, distortions and asymmetries), DM
is clearly more precise in detecting masses. This result is
also consistent with the findings of a phantom study by
Yang et al., who found that DM was significantly superior
to SFM in detecting and characterizing small masses in
mixed and dense breast backgrounds [27]. In a recent study,
Pinker et al. reported that DM was significantly superior to
SFM in the conspicuity of screen-detected breast cancers
for all histological types and breast densities regardless of
manifestation as mass; in addition, architectural distortion,
asymmetric density or microcalcifications were also better
visualized by DM [28].

When cancer detection based on radiological patterns
was examined, we found that, among malignancies detected
on the basis of calcifications, the percentage of DCIS was
higher in the DM than in the SFM group, although this
difference was not statistically significant. This finding is
consistent with those of a previous study [13] reporting that
the percentage of DCIS among the cancers detected on the
basis of suspicion of calcifications was higher when DM
was used.

Our study has several limitations, one of the most
important being the relatively short period in which DM
was used, leading to a lack of opportunity to draw
conclusions about trends in the incidence of DCIS and
invasive cancers. Another limitation is that some informa-
tion was missing for the variable of radiological patterns,
which lowered the statistical power. However this lack of
information was similar in both the SFM and DM groups.
Information about BIRADS was not included since some of

the programmes participating in the study report this data in
a different way. Finally, we have no information on breast
density, which is an important factor, given that some
studies have shown that DM is more accurate in women
with radiographically dense breasts [3].

Data provided in this work provide insight into the
impact of the introduction of DM. Information on PPVs
based on the radiological patterns and differences in
tumour-related data could be useful and necessary to
evaluate the risks and benefits of breast cancer screening,
given the large number of programmes that are using this
technology.

In conclusion, the present study reinforces the message
of previous works that DM has a similar diagnostic
precision to SFM and fewer adverse effects. The differences
observed in tumour characteristics and the slightly higher
rates of DCIS observed with DM, although not statistically
significant, suggest an advance in early detection. However,
a longer period of using DM is needed to confirm the
increase in DCIS detection.
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Discussio

1. Resultats principals

Els resultats dels quatre treballs presentats donen suport a la hipotesi principal de la tesi, posant de
manifest que tant el disseny, com l'organitzacié i les caracteristiques de la prova de cribratge poden
influenciar tant en els beneficis i com en els efectes adversos dels programes de deteccié precog del

cancer de mama.
De manera resumida, les principals troballes d’aquesta recerca son:

1) La introducci6 del cribratge poblacional ha suposat un impacte sobre la deteccié de cancer de mama

en la poblacié no participant als programes.

2) Les diferéncies organitzatives i en els criteris d'elegibilitat de la poblacié diana poden modificar les

taxes de deteccio de cancer de mama dels programes de cribratge.

3) Els tumors detectats entre intervals de cribratge presenten caracteristiques bioldgiques associades

amb un pitjor pronostic i sén més comuns en dones amb elevada densitat mamaria.

4) Entre els veritables cancers d'interval, tumors que no presentaven signes de sospita en I'Ultima

mamografia de cribratge, hi ha un percentatge elevat de tumors amb fenotip triple negatiu.

5) La via diagnostica (deteccié en el cribratge, entre intervals de cribratge o fora del cribratge) és un factor
rellevant en el prondstic de la malaltia. Les dones amb veritables cancers d'interval presenten un major

risc de morir que les dones amb cancers detectats en el cribratge i les dones no participants.

6) La mamografia digital té un valor predictiu positiu superior que la mamografia analogica. Les sospites
radiologiques per les quals ha millorat més el valor predictiu positiu sén les masses i les

microcalcificacions.

7) La introducci6 de la mamografia digital apunta a un augment de la detecci6 de tumors in situ.

2. Discussio conjunta dels articles

La discussié conjunta dels articles s'articula en base a les preguntes de recerca en les quals es centra la
tesi. La discussié especifica de cada treball es troba detallada en cada un dels articles, on hi figuren

també les limitacions i fortaleses especifiques.
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L'observacié de les taxes de deteccié del cancer de mama segons la via diagndstica en el context danés,
han demostrat I'existéncia d'un pic de prevalenga en la primera ronda de cribratge, tant entre la cohort de
dones participants en el cribratge com entre les no participants. Aquesta troballa suggereix que la
introduccié del cribratge poblacional també té un impacte sobre la poblacid no participant. Una de les
principals problematiques en I'estimacié dels beneficis del cribratge resideix en la comparabilitat dels
resultats de la poblacié cribrada amb poblacié no cribrada®™®. Generalment, quan es duen a terme
aquestes comparacions, I'efecte de la deteccio precog queda restringit al grup de dones participants al
cribratge, i els canvis que s'observen entre les dones no participants s’atribueixen a aspectes globals
referents a la deteccio i el tractament de la malaltia, que per altra banda també afacten al grup de dones
cribrades?. El fet de considerar que I'efecte del cribratge queda restringit a la poblacio participant, pot
suposar una certa subestimacio dels efectes de la deteccié precog sobre la reduccié de la morbilitat i la
mortalitat, quan es comparen ambdues poblacions. Aquesta reflexié es veu reforcada per un treball
recentment publicat, realitzat a Noruega, on s’apunta que al voltant del 50% de casos detectats en dones
no participants al cribratge es detecten en fase asimptomatica mitjangant cribratge oportunistic i descriuen
com aquests tumors presenten unes caracteristiques cliniques similars a les dels tumors detectats en els

programes poblacionals'¥,

Per altra banda hem observat que diferéncies organitzatives i en els criteris d’elegibilitat tenen un efecte
important en les taxes de detecci6 del cancer de mama entre programes. Normalment en la comparacié
d'indicadors de qualitat dels programes no es tenen en compte les diferéncies organitzatives. En aquest
aspecte, s’ha observat com les diferéncies en els criteris d’elegibilitat de la poblacié diana poden explicar
diferéncies en els valors d’alguns indicadors i esbiaixar-ne els resultats. Concretament, si els criteris
d'elegibilitat exclouen dones amb factors de risc del cancer de mama, sera esperable que entre la cohort
de dones no participants al cribratge existeixi una major incidencia de la malaltia. En aquest cas, la
comparacié dels indicadors de programa no sera reflex Unicament d'aspectes lligats en la seva qualitat,

sin6 també relacionats amb les caracteristiques de la poblacié participant.

El principal interés d’estudiar els cancers d'interval recau en poder aprofundir en les caracteristiques dels
falsos negatius, tumors potencialment evitables des del punt de vista dels programes, i les dels veritables
cancers d'intervals, tumors inevitables amb les actuals estratégies®. Al realitzar la classificacié radioldgica
s’han pogut comparar les caracteristiques biologiques dels falsos negatius i els veritables cancers
d'interval amb les dels cancers detectats en el cribratge. Els tumors falsos negatius, que representaren
prop del 20% dels cancers d'interval radiologicament classificats, foren bioldgicament equivalents als de
cribratge, tot i que es diagnosticaren en estadis més avangats. Els veritables cancers d'interval, en canvi,
representaren un grup amb caracteristiques biologiques relacionades amb un creixament més rapid i una
major agressivat. Entre aquestes caracteristiques destaca una elevada proporcié de tumors amb fenotip

triple negatiu, tumors que s’han relacionat amb una proliferacid6 més rapida i una pitjor resposta al
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tractament™!. Aixi, aquesta troballa és rellevant ja que ajuda a comprendre millor la histdria natural de la
malaltia i en part explica perqué certs cancers presenten un sojourn time més curt i, per tant, sén menys
susceptibles a beneficiar-se de les actuals estartégies de cribratge'*2. Alguns treballs ja havien reportat
una major propocié de tumors triples negatius entre els cancers d’interval'?, perd aquest treball posa de
manifest que la majoria de tumors triples negatius es troben entre els veritables cancers d'interval, en linia
amb els resultats de publicacions més recents'#3144. Es evident que el fet que entre els veritables cancers
d’interval hi hagi una major proporcié de tumors de caracteristiques agressives explica, en part, el seu
pitjor pronostic en comparacié amb cancers detectats per altres vies. Tanmateix, els models multivariants
apunten que la supervivencia de les dones amb veritables cancers d'interval és menor que la de dones
amb tumors diagnosticats dins i fora del cribratge, tot i tenint en compte el patré molecular i I'estadiatge al

moment del diagnostic.

De cara a definir estratégies de cribratge més eficients, és important el fet que entre els cancers d'interval
el percentge de dones amb mames denses sigui major. Tot i que no existeix consens sobre el mecanisme
que relaciona elevada densitat mamaria i risc de cancer d'interval''®.145, existeixen diferents hipotesis que
apunten a un efecte enmascarador sobre la mamografia aixi com a un efecte de tipus biologic que per
diferents mecanismes estimularia la proliferacio dels tumors™6-148, Sigui com sigui, aquesta associacié és

rellevant ja que pot ajudar a definir grups de dones susceptibles de presentar tumors de rapid creixement.

Finalment, la introducci6 de la mamografia digital estava relativament poc avaluada des del punt de vista
poblacional'®, tot i haver-se provat en assajos clinics la igualtat en la capacitat diagnostica'?. En el
context espanyol, s’ha observat que la mamografia digital esta suposant una disminucio dels falsos
positius i un augment del valor predictiu positiu de la prova, tant de manera global com especificament per
les principals sospites radiologiques. Concretament, I'augment del valor predictiu positiu per masses
s'atribueix a una disminucio del nombre de proves addicionals davant d’aquestes sospites, mentre que
per les calcificacions seria degut a un augment dels diagnostics de cancer. A més, la introduccid
d’'aquesta técnica apunta a un augment de la deteccidé de tumors menys avangats, encara que cal un
periode més llarg d’observacié per confirmar aquests resultats en el nostre context. Treballs publicats
potseriorment també reporten un augment de la deteccié de tumors in situ, perd amb interpretacions

contraries sobre el possible sobrediagndstic que pot comportar!32149,

Dels quatre treballs es pot concloure que I'avaluacié dels programes poblacionals de detecci6 precog de
cancer de mama és complexa i susceptible a biaixos i limitacions dificils de controlar. Els programes de
cribratge s’adrecen a milions de dones arreu del mén i, per tant, l'impacte que pugui tenir sobre certs
indicadors, encara que sigui petit en termes relatius, pot ser potencialment gran quan es tradueix al

conjunt de la poblacid.
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3. Limitacions

Les principals limitacions d’aquesta tesi, sén les propies dels dissenys epidemiologics de cadascun dels
treballs que la composen. L'estudi de cohorts retrospectives, tot i permetre disposar d'informacié d’un
gran numero de subjectes i amplis periodes temporals, queda limitat a la quantitat d'informaci6 disponible
en les fonts de dades. En I'article 1, la informaci6 procedia de registres poblacionals de tumors, les bases
de dades dels propis programes, juntament amb un registre especific de cancer de mama. Aquest fet
suposa que només es disposés d'informacié de les principals variables cliniques dels tumors, impedint
aprofundir en la seva caraceritzaci6 molecular. Tanmateix, per respondre els objectius de I'estudi no es

requeria especificament 'analisi d’aquestes variables.

La situacié fou semblant en l'article 4. En aquest cas si que es contemplava I'estudi de les sospites
radiologiques en les mamografies. Aquesta informacié estava disponible en la majoria dels episodis on es
realitzaren proves addicionals, on el percentatge de desconeguts representava el 16.2% dels casos. De
totes maneres, els resultats es centraren en I'estudi sospites per patrons Unics i es descartaren els
patrons multiples, per evitar la dispersié dels resultats. Fou també limitada la informaci6 referent als
tumors, quedant restringida a la invasivitat i la grandaria dels tumors, i a I'afectacio limfatica. Tanmateix,
algunes variables com la densitat mamaria o la categoria BI-RADS no estaven disponibles o presentaven

importants mancances, fet que no permeté incorporar-les a les analisis ni estudiar-ne el seu efecte.

La principal limitacié de I'article 2, un disseny cas-control, fou el baix nombre de subjectes inclosos a
I'estudi. Malgrat es partia d'un nombre de dones cribrades important (57.467 dones cribrades a |'Hospital
del Mar, des de linici del programa fins I'any 2008), cal tenir present que els cancers d'interval son
relativament poc freqlients (representen el 20-25% del total de cancers diagnosticats en dones
participants al cribratge)8'1%0 j la seva classificacié en subtipus encara en redueix més el nombre. A més,
com s'apunta en el treball, 'obtencié de les mamografies per poder fer la classificacié del cancer d'interval
fou un dels aspectes limitants en el nombre de casos finals inclosos a les analisis. En el nostre cas, tan
sols es pogueren recuperar les dues mamografies en el 56% dels casos de cancer d'interval identificats.
Tot i les limitacions, pero, els resultats del treball son clars i consistents amb els d’estudis publicats amb

posterioritat’20.143,

L'article 3, que neix com a continuacié del segon, comparteix amb aquest la limitacié de la grandaria de la
mostra. En aquest cas, a més de la informacioé dels tumors, es requeria informacié de seguiment, fet que
afegi un grau de complexitat a I'obtencié de la informacid ja que no totes les dones es segueixen sempre

en el mateix centre on s’han diagnosticat.

Una limitacié inherent en els treballs que estudien els cancers d'interval és la possible mala classificacié.
Per la propia definicio de cancer d'interval, que ve determinada per la periodicitat de la prova de cribratge,

és probable que dones amb simptomatologia entre dues mamografies de cribratge s'esperin a obtenir un

110



Discussio

diagnostic a la seglient invitacio, contribuint en que alguns tumors detectats per mamografia siguin
simptomatics. I, de manera contraria, tampoc es pot descartar que en linterval entre cribratges es
diagnostiquin cancers de mama en dones asimptomatiques per la realitzacié, per exemple, de
mamografies fora del circuit del cribratge. Ambdues situacions podrien suposar una atenuacié de les

diferencies biologiques i cliniques entre els cancers d'interval i els cancers diagnosticats al cribratge.

Una altra limitacié que dificulta I'estudi dels cancers d'interval en el nostre context és I'abséncia de
registres de cancer poblacionals que cobreixin tota la poblacié. En el cas de Catalunya, n'existeixen tan
sols a Tarragona i Girona. Els registres poblacionals son I'eina principal per I'avaluacié del cribratge i la
font més fiable per la identificacid dels cancers d'interval. Tanmateix, des de la posada en marxa del
programa de deteccid precog del cancer de mama de I'Hospital del Mar s’ha fet un esforg per seguir a les
dones que no retornen al cribratge i per identificar si el motiu de no retorn es deu, entre d'altres, a un
cancer d'interval. Aquest seguiment permet posar-se en contacte amb més del 90% de dones que no
retornen al programa, i per tant assegura una elevada exhastivitat en la identificacié de dones amb cancer

d’'interval.

4. Fortaleses

L'analisi de cohorts retrospectives en els article 1 i 4 ha permes disposar d'informacié d’'un gran nombre
de dones en diferents contextos, fet que ddna consisténcia als resultats. En els dos treballs, a més, les
fonts d'informacié garantien la robustesa de les dades: per I'article 1, s'utilitza el registre civil, el registre
poblacional de tumors i les bases de dades dels programes de cribratge de dues regions daneses. En
I'article 4, la informaci6 procedia de les bases de dades de 4 programes de cribratge espanyols, fet que el
converti en un dels treballs que avaluaren l'impacte de la mamografia digital sobre una poblacié més

gran.

En els treballs amb disseny cas-control, es disposa d'informacié exhaustiva de variables cliniques i
moleculars referents als tumors i segons la classificacio radiologica dels subtipus de cancer d'interval,
aspecte no analitzat fins aquell moment. Aixi mateix, per l'article 3 s'obtingué informacié sobre el
tractament i el seguiment clinic, en termes de recaigudes i mortalitat. La recollida d'informacié es realitza
a partir de la revisio d'histories cliniques i mamografies, amb el suport d'un equip multidisciplinari compost

per radidlegs, oncolegs, patolegs i epidemiolegs.

En els quatre treballs es disposa d'informacié de llargs periodes temporals, des de la posada en marxa
dels programes fins a finals de la década del 2000. En el primer article, el periode temporal estudiat fou
de 17 anys, fet que el converti en l'estudi que avalua la deteccié del cancer de mama dins i fora del

cribratge en un periode més ampli. Pels articles 2 i 3 s'incorporaren subjectes de I'inici del cribratge fins a
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I'any 2008, i el periode de seguiment s’amplia fins a finals del 2010. El periode d’estudi del treball 4 també
anava des de l'inici dels programes, entre el 1996 i el 1998, fins el desembre del 2007. En aquest cas, a
més, tots els programes comptaren amb al menys dues rondes complertes realitzades amb la técnica
digital.

Els quatre treballs exploraren aspectes controvertits en 'avaluacié del cribratge, i aportaren respostes
inédites que es sumaren al coneixement sobre l'impacte de les practiques de deteccié precog del cancer
de mama. Tot i no concloure amb solucions definitives i deixar interrogants oberts, els diferents articles
aprofundiren en tres qiiestions rellevants de I'avaluacié del cribratge de cancer de mama, com I'impacte
del cribratge sobre la poblacié no participant, I'estudi de I'expressié de biomarcadors en els principals
subtipus de cancers d'interval i I'efecte sobre la precisié diagnostica de la técnica digital. Altres treballs
realitzats en posterioritat han corroborat els resultats inicials, donant crédit a les troballes que es

presenten’.132,

5. Continuitat i futures linies de recerca

Com s’ha comentat, aquesta tesi s’'emmarca en la linia de recerca en avaluacié del cribratge del Servei
d’Epidemiologia i Avaluacié de I'Hospital del Mar-IMIM. En el context del CIBER i actualment de la
REDISSEC, s’han demanat i concedit diferents projectes per aprofundir en diferents aspectes del

cribratge, que al seu temps donen continuitat a les qiiestions presentades.

L’experiéncia adquirida en l'estudi dels cancers d'interval en el marc del programa de I'Hospital del Mar
fou clau per iniciar un projecte coordinat de caracter estatal que ha permés agrupar informacié de més de
600.000 dones cribrades en 7 programes espanyols (Projecte INCA). S'identificaren més de 1.600
cancers d'interval, els quals s’han classificat radioldgicament, i s’ha obtingut informacié clinica i patologica
de més de 2.500 cancers de mama. Durant els anys 2009-2012 es realitza la recollida d'informacio, la
construccié de la cohort i actualment ja s'estan analitzant les dades i estan en marxa diferents articles.
Les principals qiestions a les quals es vol donar resposta, sén: a) la descripcio de les taxes de cancer
d'interval a nivell espanyol; b) I'estudi dels determinants del cancer d'interval, tant relacionats amb la dona
com amb el protocol dels programes; c) la caracteritzacio dels diferents subtipus de cancer d’interval des
del punt de vista biologic; i, d) I'impacte de la introduccié de la mamografia digital sobre els cancers

d'interval.

Amb l'objectiu d'aprofundir en el coneixement de les lesions benignes i les sospites radiologiques
identificades en el cribratge i la seva posterior evolucié a cancer, I'any 2012 s'inicia el BELLE Project. Es
tracta d’un projecte de caracter estatal, on hi participen 8 programes de deteccié precog, i s'espera que
els resultats aportin noves dades Utils per I'adequacié del cribratge en funcié dels perfils de risc de

desenvolupar cancer.
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La continuitat del treball centrat en I'evolucié clinica dels tumors en funcié de la via diagnostica, ha derivat
en un projecte coordinat recentment concedit pel FIS (P112/00387), per avaluar de forma integrada el
conjunt dels serveis sanitaris per atendre el cancer de mama, des del diagnostic precog fins a les
diferents estratégies de tractament. En el subprojecte centrat en la deteccio precog, es preveu recollir
informacié de I'evolucié clinica de les dones que formen part de la cohort INCA. Aquest projecte té com
objectiu explorar el periode lliure de malaltia i la supervivéncia global dels cancers de cribratge i dels
cancers d'interval, diferenciant entre subtipus i tenint en compte tant les caracteristiques cliniques com
bioldgiques dels tumors. Per altre banda, també es vol estudiar el prondstic dels tumors en funcié de si

han estat diagnosticats amb la técnica analdgica o la digital.

Aquesta experiéncia, juntament amb les col-laboracions iniciades amb grups europeus i la necessitat de
treballar en un marc més ampli, fa que actualment s’estigui treballant per un futur projecte col-laboratiu
amb grups de recerca europeus. La necessitat de disposar de grans cohorts per 'estudi d’esdeveniments
de baixa freqliéncia i d'informacié procedent de diferents contextos, pot contribuir en millorar I'actual
informacio sobre el cribratge i estudiar I'efecte sobre els beneficis i els efectes adversos de diferents

estratégies.

Com en d'altres branques de la medicina, el futur de la recerca sobre el cribratge del cancer de mama,
sembla estar encaminat cap al replantejament de les actuals estratégies universals ‘one size fits all’ per
estratégies més personalitzades que permetin maximitzar els beneficis entre les dones més susceptibles
de desenvolupar un cancer i minimitzar els efectes adversos i els costos en global. La manera 6ptima de
valorar l'efectivitat de diferents estratégies de cribratge seria realitzar assajos clinics aleatoritzats.
Tanmateix, I'esfor¢ que es requereix per dur-los a terme és considerable i caldria disposar de certa
evidéncia dels seus avantatges abans de proposar nous escenaris. Com alternativa per valorar el
potencial efecte de noves estratégies de cribratge, fa anys que els models matematics basats en la
simulacié s'estan consolidant com una eina amb moltes potencialitats. Tot i la seva complexitat, en el
nostre context i dins del nostre propi grup de recerca, s’ha acumulat una experiéncia soélida demostrant la
seva utilitat tant en I'ambit hospitalari’3'.152 com poblacional®1%, Les dades procedents dels estudis
RAFP i INCA actualment s’estan utilitzant en combinacié amb dades sobre costos, per alimentar models
matematics que pretenen valorar 'impacte de canvis en la periodicitat del cribratge o en I'edat d'inici en
els resultats globals, tant pel que fa a beneficis (deteccid precog, reduccié de la mortalitat), efectes
adversos (falsos positius, cancers d'interval, sobrediagnostic) i costos de les diferents estratégies. Davant
I'enorme ventall d’escenaris alternatius de cribratge, les eines de simulaci6 representen una alternativa
molt Util per tenir resultats a curt termini i amb un cost reduit, de I'impacte a nivell poblacional de canvis

organitzatius en les practiques de cribratge del cancer de mama.
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1. Conclusions

1. La implementaci6 del cribratge poblacional ha suposat un augment de la deteccié del cancer de mama
entre la poblacié no participant als programes de deteccié precog. Aquest efecte sera important de
quantificar i considerar quan es comparen els resultats i els beneficis del cribratge entre la poblacid

participant i la poblacié no participant.

2. Aspectes organitzatius com els criteris d’elegibilitat de la poblacié diana tenen impacte en el
comportament de les taxes de deteccié del cancer de mama dins i fora dels programes de cribratge. Uns
criteris basats en el risc de la malaltia poden influenciar en les taxes d'incidencia de la malaltia en la
poblacié participant i no participant. Aixi, excloure dones amb factors de risc potencials de la poblacié

diana a cribrar, pot fer augmentar la taxa de deteccié entre les dones no participants.

3. Els tumors diagnosticats en linterval entre mamografies de cribratge son majoritariament tumors
invisibles en I'anterior mamografia, o veritables cancers d'interval, i prop d'un 20% sén tumors falsos

negatius.

4. Els veritables cancers d'interval presenten un perfil molecular més agressiu, amb un percentge elevat

de tumors triples negatius.

5. El percentatge de dones amb mames denses amb veritables cancers d’interval és superior al descrit

entre les dones amb tumors detectats en el cribratge.

6. Els veritables cancers d'interval presenten caracteristiques associades amb un pitjor pronostic,
mostrant una menor supervivéncia global respecte els tumors detectats en el cribratge, després de

controlar per variables clinocopatologiques,.

7. La introducci6 de la mamografia digital en el context espanyol ha suposat una millora de la precisid

diagndstica, derivant en un augment significatiu del valor predictiu positiu de la prova.

8. Les sospites radiologiques per masses i microcalcificacions sén les que experimenten majors millores
del valor predictiu positiu amb la introduccié de la mamografia digital. En el primer cas, s'atribueix a una
disminucié de les proves addicionals davant d’aquestes sospites, i en el segon cas, a un augment dels

diagnostics de cancer.
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9. Les diferencies observades en les caracteristiques dels tumors apunten a un augment de la deteccid

de tumors in situ i de tumors menys avangats amb la técnica digital.

2. Recomanacions i implicacions en Salut Publica

Els resultats dels treballs que conformen la tesi aporten més informaci6 per avaluar el balang entre riscos
i beneficis del cribratge. Quan es parla de beneficis del cribratge caldra tenir en compte que la poblacié no
participant també és permeable a la influéncia del cribratge, i que aquesta influéncia, en part, pot diluir les

diferéncies entre ambdues poblacions.

Donat que els criteris organitzatius poden esbiaxar les taxes de deteccié dels programes de cribratge,
resultara pertinent que en l'avaluacié d’aquestes practiques es descrigui acuradament la poblacié diana, i
que en la interpretacié i comparacio dels resultats es tinguin en compte els criteris de seleccio de la

poblacié elegible i les taxes de participacio.

Els resultats dels diferents treballs poden contribuir en adequar la informacié sobre el cribratge que
s'ofereix a les dones que son convidades a participar als programes poblacionals de deteccié precog del
cancer de mama. Com s’apuntava a la introduccio, un dels aspectes positius dels programes de deteccio
és la sensacié de tranquil-litat i el refermament en el programa, davant d’'un resultat negatiu en el test de
cribratge. Aquest aspecte pot representar una falsa sensacié de seguretat en el cas dels cancers d'inteval
i contribuir al retard diagnostic. Cal informar a les dones amb resultat negatiu, que existeix la possibilitat
de que aparegui un tumor en linterval entre mamografies i per tant, que cal estar alerta davant de

possibles signes de la malaltia entre els intervals de cribratge.

La informacié sobre la caracteritzacié bioldgica dels cancers d'interval pot ser util per valorar futures
estratégies d’optimitzacié del cribratge, revisant, per exemple, la periodicitat de les proves o la utilitzacio

de diferents tecnologies per grups especifics de dones amb elevada densitat mamaria.

La classificacio radiologica dels cancers d'interval, tot i suposar un gran esforg en la recuperacié de les
mamografies i en el propi procés de revisio, aporta informacid molt rellevant per comprendre les
particularitats dels tumors diagnosticats entre mamografies de cribratge. Aixi mateix, pot ser util per
millorar el coneixament de la historia natural del cancer de mama, tant pel que fa al desenvolupament de

tumors de fase preclinica curta com a factors prondstic de la malaltia.

Cal continuar promovent la creacio de registres de cancer de base poblacional que cobreixin la totalitat de
la poblacié catalana i espanyola. Aquests registres sén I'eina principal per l'avaluacié del cribratge,
imprescindibles per poder conéixer I'efectivitat d’aquestes practiques. L'estudi d'efectes rellevants com el

sobrediagndstic i els cancers d'interval en el context espanyol es veu limitat per I'abséncia de registres
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poblacionals, dificultant la compracié entre paisos i impedint conéixer I'impacte global de la deteccid

precog en el nostre ambit.

Cal afavorir el desplegament de la tecnologia digital en el conjunt dels programes de I'Estat, ja que més
enlla de les avantatges en 'emmagatzematge i I'adquisicié de les imatges, en el nostre context esta
suposant una disminuci6 de la taxa de reconvocatoria a igualtat de capacitat diagndstica, és a dir, un
augment de la precisié del cribratge. La reducci6 dels resultats falsos positius es tracta d'un fet rellevant,
ja que implica que un menor nombre de dones experimentin I'angoixa davant d’un possible diagndstic de
cancer, i representa una disminucié de la carrega assistencial en el nombre de proves complementaries.
Davant d'aquest resultats, es considera important seguir amb la implementacié d'aquesta tecnologia arreu

del territori.

L'augment de tumors menys avangats amb la técnica digital significa que les dones es puguin beneficiar
de tractaments menys agressius, fet que s'associa amb la millora de la qualitat de vida. Tanmateix, es
necessita un periode d’estudi més llarg per concloure si 'augment de la deteccié de tumors menys
avangats es pot atribuir a un avang diagnostic o bé a un augment de la deteccio de tumors, que aletraria
pel possible sobrediagnostic. Sera convenient que en el futur es realitzin treballs que explorin els resultats

globals de cohorts de dones cribrades només amb la mamografia digital.
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Extended summary

SUMMARY

Introduction. Early detection of breast cancer has been recognized as the best strategy to improve the
prognosis of breast cancer and decrease mortality in the long term. Following the recommendations of the
Council of the European Union, several European countries have implemented population-based
screening programmes. Most of these countries offer two-yearly mammography to women aged 50-69
years. However, there is some disagreement on the effectiveness of screening, based on the possibility
that the reduction in breast cancer mortality may be smaller than generally assumed and that the harms
may be greater. In view of the current controversy, this thesis examines three issues that form part of the
debate. Because estimation of screening benefits is based on comparisons between screened and
unscreened women, we focused on cancer detection rates among unscreened women in a region where
screening is population-based. We next examined interval cancers, which are a short-term indicator of
screening quality. Few studies have provided data on the association between molecular patterns and
prognosis. Finally, we studied the impact of the switch to digital mammography on recall rates, focusing on

the role of radiological patterns and tumour characteristics.

Objectives. This thesis aims to provide greater knowledge of the evaluation of population-based breast
cancer screening programmes, specifically by i) assessing the impact of the introduction of screening
programmes on detection rates in the entire target population, ii) studying the association of the mode of
diagnosis (detected at screening or in the interval between screenings) with tumour features and cancer

prognosis, and iii) evaluating the impact of the imaging modality on performance indicators.

Methods. Four studies have been carried out in 3 cohorts of women targeted for screening in Barcelona,
Spain, and Denmark. For the first objective, we assessed the breast cancer incidence rates of the target
populations of two Danish regions, from the introduction of population-based screening in 1991 to 2008.
We identified breast cancers diagnosed at screening, during the screening interval, or among unscreened
women (n=3,290, n= 1,257 and n=1,548, respectively). We computed rates by mode of diagnosis and

compared tumour-related characteristics and performance indicators between the two regions.

For the second objective, we focused on the study of interval cancers in the cohort of women screened
between 1995 and 2008 at Hospital del Mar, Barcelona. We designed a case-control study to compare the
biological characteristics of interval cancers (n=115) and screen-detected cancers (n=115). Interval
cancers were radiologically classified following the European Guidelines into true interval cancers, false
negatives, occult tumours, and minimal-sign cancers. Bivariate and multivariate analyses were performed
to compare patient and molecular characteristics among all interval cancers, true interval cancers, and
false negatives vs. screen-detected cancers. We carried out a follow-up study in the same cohort of

women to evaluate overall survival and disease-free survival in women with cancer detected by screening,
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outside screening, and those that truly appeared between two screening mammograms. Hence, we
restricted this analysis to screen-detected cancers (n=98) and true interval cancers (n=34), and we
incorporated cases from unscreened women (n=98). The probabilities of overall survival (based on
mortality) and disease-free survival (based on relapses) were computed using the Kaplan-Meier method.

Cox proportional hazard models were applied, with adjustment by clinical-pathological variables.

For the third objective, we evaluated the impact of the transition from screen-film mammography to digital
mammography among a cohort of 103,613 women aged 45-69 screened in Spain between 1996 and
2007. Tumour characteristics (invasiveness, tumour size, lymph node involvement) and radiological
patterns were compared among study groups. We also compared the positive predictive values (PPV=
cancers diagnosed among the total number of women recalled for further assessments) obtained during

the screen-film and digital periods.

Both database management and the statistical analyses were performed with SPSS (version 12.0 and
18.0) and SAS (version 9.2). Graphs were generated with R statistical software (version 2.12.2). An alpha
error of 5% is assumed in the whole dissertation, and therefore p-values of <0.05 were considered

statistically significant.

Results. i) The introduction of population-based screening in Denmark resulted in a prevalence peak of
breast cancer diagnoses not only among screening participants (5.79 per 1000 persons-year in
Copenhagen and 4.47 in Fyn), but also among unscreened women (4.23 and 5.93 in Copenhagen and
Fyn, respectively). In Fyn, the breast cancer incidence among unscreened women was even higher than
among screened women. The two programmes differed in eligibility criteria and participation patterns. ii)
The study of interval cancers revealed differences in stage at diagnosis and molecular status. In addition,
women with interval cancers were more likely to have dense breasts. Specifically, true interval cancers
showed a strong association with the triple-negative phenotype (lack of hormone receptor and HER2
expression) [OR= 8.85 (95%Cl: 2.03-38.62] and high breast density [3.08 (95%Cl: 1.03-9.24)]. True
interval cancers had the highest hazard ratio for relapse prediction (1.89; 0.67-5.31) and a hazard ratio of
death of 5.55 (1.61-19.15) after adjustment for tumour-node-metastasis stage and phenotype. iii) PPV
was higher for digital mammography than for screen-film mammography (7.0% vs. 5.5%, respectively;
p<0.001). The greatest improvements were found for masses and calcifications. A slightly rising temporal

trend for the detection rate of in situ carcinomas was observed in the digital period.

Conclusions. i) Data from two long-standing population-based screening programmes conducted in
Denmark showed that the implementation of screening programmes led to a prevalence peak of breast
cancer detection among screened and unscreened women, and that performance indicators could be
strongly influenced by eligibility criteria. ii) True interval cancers were associated with a more aggressive

molecular phenotype and high breast density. These cancers were also associated with poorer survival
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even after adjustment for clinical-pathological characteristics. iii) The introduction of digital mammography

in Spain improved positive predictive value and suggested increased detection of in situ carcinomas.

Further research. The experience gained in the study of interval cancers in Hospital del Mar was key to
the initiation of a nationwide project for the study of rates and determinants of interval cancers, with
information from more than 600,000 screened women in Spain and over 1,000 radiologically classified
interval cancers (INCA Study). We also aimed to determine the impact of digital mammography on the
number of interval cancers and false negatives and have recently obtained funding to complete the
information with clinical follow-up. Furthermore, in the current debate about the balance of benefits and
risks of breast cancer screening, and the technological improvements occurring over time, there is a need
to consider screening optimization to offset higher costs with better results. To evaluate more personalized
screening strategies, data from large cohorts of screened women will needed to determine the impact of

strategies aiming to maximize benefits and decrease harms.
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OBJECTIVES

The general objective of this dissertation is to examine the following issues related to population-based

breast cancer screening:
- The impact of the introduction of screening on the detection of breast cancer
- The association of the mode of diagnosis with tumour features and clinical outcomes

- The impact of the characteristics of the imaging modality on quality indicators

The specific objectives are as follows:
The impact of the introduction of screening on breast cancer detection:

1. To describe the detection rates of breast cancer in the entire target population, according to
mode of diagnosis (detected at screening, in the interval between screenings, or outside

screening).

2. To analyse the impact of organizational differences in screening programmes on breast cancer

detection rates inside and outside screening.
The association of mode of diagnosis with tumour features and clinical outcomes

3. To compare the biological characteristics of interval cancers and their subtypes with those of

screen-detected cancers.

4. To estimate the impact of the mode of diagnosis and other variables, such as biological

characteristics and biomarkers, on survival in women with breast cancer.
The impact of the characteristics of the imaging modality on quality indicators:

5. To compare the PPV of screening mammography before and after the implementation of digital

mammography.

6. To evaluate changes in the PPVs for distinct radiological patterns in recalled women with screen-

film mammography and digital mammography.

7. To compare tumour characteristics between cancers detected with screen-film mammography

and digital mammography.
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METHODS

The four studies were carried out within the framework of population-based screening, but each

analysed different populations. To facilitate understanding of the complete thesis, the table below lists

the specific objectives of the thesis, the article that answers each research question, its study design

and study period, and the main features of the study population.

Objectives Articles Study design Study period

The impact of the introduction of screening on breast cancer detection

1. Detection rates inside and April 1991 —April
outside screening . 2008

Domingo et al. Acta . ,

Retrospective Follow-up until
- Oncol. 2013
2. Impact of organizational . . cohort January, 2011 for
: . Jan;52(1):48-56. ;

differences on detection interval cancer
rates assessment

The association of mode of diagnosis with tumour features and clinical outcomes

3. Biological features of Domingo et al.
iﬁterval?:ancers VS, screen- Cancer Causes Nested case- November 1995-
' Control 2010 control September 2008

detected cancers Aug:21(8):1155-64.

Cases diagnosed
between November
1995 and September
2008

Follow-up until
December 2010

The impact of the characteristics of the imaging modality on quality indicators

Domingo et al. Eur J
Cancer Prev 2013 Follow-up study
Jan;22(1):21-8.

4. Prognosis according to
setting and time of diagnosis

5. PPV of screen-film
mammography and digital
mammography

6. PPV according to

radiological patterns with Domingo et al. Eur _
screen-film mammography  Radiol. 2011 Retrospective  January 1996-
and digital mammography Sep;21(9):2020-8. cohort December 2007

7. Comparison of tumour
characteristics between
cancers detected with
screen-film mammography
and digital mammography
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Study population

Target population of population-based
screening programmes in Copenhagen
and Fyn, Denmark

Women aged 50-69 years

3,290 screen-detected cancers

1,257 interval cancers

1,548 cancers in unscreened women

Women screened in the population-
based screening programme of
Hospital del Mar, Barcelona, Spain
Women aged 50-69 years

115 screen-detected cancers

115 interval cancers

Breast cancers diagnosed and treated
at Hospital del Mar, Barcelona, Spain
Women aged 50-69 years

97 screen-detected cancers

34 true interval cancers

97 cancers detected outside screening

Women screened in 4 population-
based breast cancer screening
programmes in Spain

Women aged 45/50-69 years
171,191 screen-film mammograms
91,647 digital mammograms
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ARTICLES

The following four articles were published as Original Articles in international journals indexed in the
subject category of ‘Public, Environmental and Occupational Health’, ‘Oncology’ and 'Radiology, Nuclear

Medicine and Medical Imaging’.

Article 1. Seventeen-years overview of breast cancer inside and outside screening in Denmark.

Laia Domingo, Katja K. Jacobsen, My von Euler-Chelpin, llse Vejborg, Walter Schwartz, Maria Sala,
Elsebeth Lynge.

Acta Oncol. 2013 Jan;52(1):48-56.

Article 2. Phenotypic characterization and risk factors for interval breast cancers in a population-based
breast cancer screening program in Barcelona, Spain.

Laia Domingo, Maria Sala, Sonia Servitia, Josep Maria Corominas, Francesc Ferrer, Juan Martinez,
Francesc Macia, Maria Jesus Quintana, Joan Albanell, Xavier Castells.

Cancer Causes Control 2010 Aug;21(8):1155-64.

Article 3. Aggressiveness features and outcomes of true interval cancers: comparison between screen-
detected and symptom-detected cancers.

Laia Domingo, Jordi Blanch, Sonia Servitja, Josep Maria Corominas, Cristiane Murta-Nascimento, Antonio
Rueda, Maximino Redondo, Xavier Castells, Maria Sala.

Eur J Cancer Prev 2013 Jan;22(1):21-8.

Article 4. Differences in radiological patterns, tumour characteristics and diagnostic precision between
digital mammography and screen-film mammography in four breast cancer screening programmes in
Spain.

Laia Domingo, Anabel Romero, Francesc Belvis, Mar Sanchez, Joana Ferrer, Dolores Salas, Josefa
Ibafiez, Alfonso Vega, Francesc Ferrer, Maria Soledad Laso, Francesc Macia, Xavier Castells, Maria Sala.
Eur Radiol. 2011 Sep;21(9):2020-8.
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1. Article 1

Title: Seventeen-years overview of breast cancer inside and outside screening in Denmark. Seventeen-

years overview of breast cancer inside and outside screening in Denmark

Authors: Domingo L, Jacobsen KK, Euler-Chelpin M, Vejborg |, Schwartz W, Sala M, Lynge E.
Journal: Acta Oncol. 2013 Jan;52(1):48-56.

Impact factor (2011): 3.330 (Q2 Oncology)

DOI: 10.3109/0284186X.2012.698750

Abstract:

BACKGROUND: Long-term data on breast cancer detection in mammography screening programs are
warranted to better understand the mechanisms by which screening changes the breast cancer pattern in
the population. We aimed to analyze 17 years of breast cancer detection rates inside and outside
screening in two Danish regions, emphasizing the influence of organizational differences of screening

programs on the outcomes.

MATERIAL AND METHODS: We used data from two long-standing population-based mammography
screening programs, Copenhagen and Fyn, in Denmark. Both programs offered biennial screening to
women aged 50-69 years. We identified targeted, eligible, invited and participating women. We calculated
screening detection and interval cancer rates for participants, and breast cancer incidence in non-
screened women (= targeted women excluding participants) by biennial invitation rounds. Tumor

characteristics were tabulated for each of the three groups of cancers.

RESULTS: Start of screening resulted in a prevalence peak in participants, followed by a decrease to a
fairly stable detection rate in subsequent invitation rounds. A similar pattern was found for breast cancer
incidence in non-screened women. In Fyn, non-screened women even had a higher rate than screening
participants during the first three invitation rounds. The interval cancer rate was lower in Copenhagen than
in Fyn, with an increase over time in Copenhagen, but not in Fyn. Screen-detected cancers showed tumor
features related with a better prognosis than tumors detected otherwise, as more than 80% were smaller

than 20 mm and estrogen receptor positive.

CONCLUSION: Data from two long-standing population-based screening programs in Denmark illustrated
that even if background breast cancer incidence and organization were rather similar, performance
indicators of screening could be strongly influenced by inclusion criteria and participation rates. Detection

rates should be interpreted with caution as they may be biased by selection into the screening population.
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2. Article 2

Title: Phenotypic characterization and risk factors for interval breast cancers in a population-based breast

cancer screening program in Barcelona, Spain.

Authors: Domingo L, Sala M, Servitjia S, Corominas JM, Ferrer F, Martinez J, Macia F, Quintana MJ,
Albanell J, Castells X

Journal: Cancer Causes Control 2010 Aug;21(8):1155-64.
Impact factor (2009): 3.199 (Q1 Public, Environmental & Occupational Health; Q2 Oncology)

DOI: 10.1007/s10552-010-9541-6

Abstract:

OBJECTIVE: To analyze phenotypic classification and other risk factors for interval breast cancer,

focusing on true interval and false negative cancers.

METHODS: A nested case-control study was performed among 115 cancers detected between two
screening mammograms (interval cancers) and 115 screen-detected cancers diagnosed between 1995
and 2008 in a population-based breast cancer screening program in Barcelona (Spain). Bivariate and
multivariate analyses were performed to compare patient and tumor molecular characteristics among all

interval cancers, true intervals and false negatives, and screen-detected cancers.

RESULTS: A total of 42.5% of interval cancers were true interval tumors and 16.2% were false negatives.
High breast density and triple negative phenotype were more frequent in true interval cancers than in
screen-detected cancers (57.6 and 34.1%, respectively for breast density, p = 0.023; 28.1 and 7.5%,
respectively for triple negative phenotype, p = 0.028), while no statistically significant differences were
observed between false negatives and screen-detected cancers. The main adjusted factors associated
with true interval cancers compared with screen-detected cancers were high breast density and triple
negative phenotype (OR = 3.1, 95% CI, 1.03-9.24 and OR = 8.9, 95% Cl, 2.03-38.62, respectively).

CONCLUSION: A more aggressive molecular phenotype and high breast density were identified in breast

tumors that truly arise in the interval between screenings.
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3. Article 3

Title: Aggressiveness features and outcomes of true interval cancers: comparison between screen-

detected and symptom-detected cancers.

Authors: Domingo L, Blanch J, Servitia S, Corominas JM, Murta-Nascimento C, Rueda A, Redondo M,
Castells X, Sala M.

Journal: Eur J Cancer Prev 2013 Jan;22(1):21-8.
Impact factor (2011): 2.130 (Q3 Oncology)

DOI: 10.1097/CEJ.0b013e328354d324.

Abstract:

BACKGROUND: The question of whether screen detection confers an additional survival benefit in breast
cancer is unclear and subject to several biases. Our aim was to examine the role of the diagnostic method
(screen-detected, symptom-detected, and true interval cancers) and the clinical-pathological features in

relapse-free survival and overall survival in breast cancer patients.

METHODS: We included 228 invasive breast cancers diagnosed in Barcelona from 1996 to 2008 among
women aged 50-69 years. Ninety-seven patients were screen detected within the screening, 34 truly arose
between 2-year screening mammograms (true interval cancers), and 97 were symptom detected outside
the screening. The clinical-pathological features at diagnosis were compared. The overall and disease-
free survival probabilities were computed using the Kaplan-Meier method. Cox proportional hazard models

were applied, with adjustment by clinical-pathological variables.

RESULTS: At diagnosis, symptom-detected and true interval cancers were in more advanced stages and
were less differentiated. The highest proportion of triple-negative cancers was detected among true
interval cancers (P=0.002). At 5 years of follow-up, the disease-free survival rates for screen-detected,
true interval, and symptom-detected cancers were 87.5% (95% confidence interval, 80.5-95.2%), 64.1%
(46.4-88.5%), and 79.4% (71.0-88.8%), respectively, and the overall survival rates were 94.5% (89.3-
99.9%), 65.5% (47.1-91.2%), and 85.6% (78.3-93.6%), respectively. True interval cancers had the highest
hazard ratio for relapse prediction (1.89; 0.67-5.31) and a hazard ratio of death of 5.55 (1.61-19.15) after

adjustment for tumor-node-metastasis stage and phenotype.

CONCLUSION: Clinically detected tumors, especially true interval cancers, more frequently showed
biological features related to worse prognosis and were associated with poorer survival even after

adjustment for clinical-pathological characteristics.
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4. Article 4

Title: Differences in radiological patterns, tumour characteristics and diagnostic precision between digital

mammography and screen-film mammography in four breast cancer screening programmes in Spain.

Authors: Domingo L, Romero A, Belvis F, Sanchez M, Ferrer J, Salas D, Ibafiez J, Vega A, Ferrer F,
Laso MS, Macia F, Castells X, Sala M.

Journal: Eur Radiol. 2011 Sep;21(9):2020-8.
Impact factor (2010): 3.594 (Q1 Radiology, Nuclear Medicine and Medical Imaging)

DOI: 10.1007/s00330-011-2143-1

Abstract:

OBJECTIVES: To compare tumour characteristics between cancers detected with screen-film
mammography (SFM) and digital mammography (DM) and to evaluate changes in positive predictive
values (PPVs) for further assessments, for invasive procedures and for distinct radiological patterns in

recalled women.

METHODS: 242,838 screening mammograms (171,191 SFM and 71,647 DM) from 103,613 women aged
45-69 years, performed in four population-based breast cancer screening programmes in Spain, were
included. The tumour characteristics and PPVs of each group were compared. Radiological patterns
(masses, calcifications, distortions and asymmetries) among recalled women were described and PPVs

were evaluated.

RESULTS: The percentages of ductal carcinoma in situ (DCIS) were higher in DM than in SFM both in the
first [18.5% vs. 15.8%(p=0.580)] and in successive screenings [23.2% vs. 15.7%(p=0.115)]. PPVs for

masses, asymmetries and calcifications were higher in DM, being statistically significant in masses (5.3%

vs. 3.9%; proportion ratio: 1.37 95%Cl: 1.08-1.72). Among cancers detected by calcifications, the
percentage of DCIS was higher in DM (60.3% vs. 46.4%, p=0.060).

CONCLUSIONS: PPVs were higher when DM was used, both for further assessments and for invasive
procedures, with similar cancer detection rates and no statistically significant differences in tumour

characteristics. The greatest improvements in PPVs were found for masses
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CONCLUSIONS AND RECOMMENDATIONS

1. Conclusions

1. The implementation of population-based screening programmes has increased breast cancer detection
among women not participating in the screening programmes. This effect should be considered when
measuring and comparing the benefits and outcomes of screening among the participating and non-

participating populations.

2. The organizational features and eligibility criteria of the target population affect breast cancer detection
rates inside and outside screening. Criteria based on disease risk may influence the incidence of the
disease in the participating and non-participating population. Thus, excluding women in the target
population with potential risk factors for breast cancer can increase the detection rate among non-

participants.

3. Cancers diagnosed during the interval between 2 screening mammograms were mostly undetectable at
the last mammography (ie, were true interval cancers), and almost a 20% in our setting were false-

negative tumours.

4. True interval cancers showed a molecular profile associated with aggressiveness, with a high proportion

of triple-negative tumours.

5. The proportion of women with dense breasts and true interval cancers was higher than that described

among women with tumours detected in screening.

6. True interval cancers were more likely to show features related to a worse prognosis and were
associated with poorer survival than screen-detected tumours, even after adjustment for

clinicopathological characteristics.

7. The introduction of digital mammography in Spanish screening programmes has improved diagnostic

accuracy, resulting in a statistically significant improvement in the PPV of the screening test.

8. The greatest improvement in PPVs in the digital era was found for radiologically suspicious masses and
calcifications. The improved PPV for masses was attributed to decreased recall due to this radiological

pattern, and that for calcifications to an increase in cancer diagnoses.
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9. The differences in tumour characteristics indicated increased detection of in situ carcinomas and of less

advanced cancers with digital mammography.

2. Recommendations

The results of this dissertation provide further information that could be useful in the assessment of the
balance of benefits and harms of screening. When evaluating the benefits, an important consideration is
that non-participants are also influenced by screening, which may partially dilute the differences between

the two populations.

Because organizational features may bias the detection rates of screening programmes, evaluation of
screening should start with an accurate description of the target population, and eligibility criteria and
participation rates should be included in the interpretation and comparison of results between screening

programmes.

The results presented herein could contribute to providing adequate information to women invited to
participate in population-based breast cancer screening programs. As noted, one of the positive effects of
screening programmes is that they reassure women with a negative result. This effect, however, may lead
to a false sense of security and contribute to diagnostic delay. Women with a negative screening result
should be instructed to remain vigilant for the possible signs of disease between two screening

mammaograms.

Information on the biological characterization of interval cancers may be useful to assess future strategies
aiming to optimize screening, by reviewing, for instance, the frequency of screening mammograms, or the

use of different imaging modalities for specific subsets of women with high breast density.

The time and effort spent on reviewing interval cancers is offset by the information provided, which is
useful to understand the characteristics of tumours diagnosed between two screening mammograms.
Such classification also may also provide new insights into the development of tumours with a short

sojourn time and into prognostic factors of the disease.

The promotion of population-based cancer registries to cover the entire Catalan and Spanish population
should be encouraged. Population-based registries are the main tool for screening evaluation and are
essential to estimate the effectiveness of screening. In many Spanish regions, the lack of such registries
limits the study of important issues such as overdiagnosis or the occurrence of interval cancer and also
hampers comparisons between countries and prevents assessment of the global impact of early detection

in our area.
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The implementation of digital mammography in all screening programmes in Spain should be promoted.
This modality has technical advantages for image acquisition and storage and, although it has not
improved detection rates in Spain, it has reduced recall rates. A reduction in the number of false-positive
results would prevent a large number of women from experiencing anxiety and would reduce related

costs.

The increase in the detection of less advanced cancers with digital mammography could lead to these
women receiving less aggressive treatments, which would improve their quality of life. Nonetheless, a long
period is needed to determine whether the increase in the detection of in situ carcinomas leads to an early
diagnosis or to a worrisome increase in overdiagnosis. We encourage further works exploring the

outcomes of cohorts of women screened only with digital mammography.
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