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Recent advances in endocrine therapy of breast cancer
Anthony Howell. Mitchell Dowsett

Regression of advanced breast cancer as 3 result of
endocrine therapy was first described over 100 years
ago.‘ lntenestin this form of traunent increased when
treatment with the antiotsttogen tamostifen afiaer
surgery for breast cancer was shown to improve
patients’ sm-vival." Trmnnent also reduced the
incidence ofnew rancem in the contralateral breast,
whicl1has1edtoantnnberofn*ia]sofI:tmo)t'tfenasa

preventive measureinwomen at high risk.‘New,pot1en-
tiallymorearnivreeridoaineagenzsarenowbeirig
introduced into clinical practice. In this review we
outlinethemechanismofaetionoftheselreannents

andsunnnarisereoentremltsofdirtirraluiaisassessing
theireflicacyin::omparisonwitholderdnrgs;wealso
spemlateahoutfirnireuendsinendocrinc therapy and
sunnnafisedinimlnialsiripmgresx

Methods

This article is based. in parton our own collaborative
expeftmental work and close association with pharma-
oeutical colnpanies developing new endocrme agents.
Additional reviews and original articles were obtained
from searches of onoological journals. Recent data
were obtained from presentations at the May meeting
of the American Society for Clinical Oneologyt

Mechanism of action of newer endocrine

therapies

Breast canoe-.r cells that are endocrine dependent need
oestrogen to proliferate.’ Most endocrine therapies
either block the binding ofoestrogen to its receptor in
the nucleus of responsive cells or reduce serum and
lzumour concentrations ofoestradiol. In postmenopau-
sal women androgens (mainly from the adrenal
glands) are converted into oestrogens by the enzyme
mumatasqwhichispresmtinaraitgeoffismes andis
found in 60-70% ofbreast carcinomas.‘

The trend for endocrine therapies over the past
100 years has been tovrattis simpler and more widely
appliaihle treatments. Originally pharmaeological
doses ofoestrogens were used mbloclt the proliferative
efi'ectofoestrogen,butnowthisisachievedwith
tamoxifen.” Oestrogen concentrations were reduced by
surgery (oopharecmmy, adrenalectomy, and liypophy~
sectomy), but now analogues of lute-inising hormone
releasing hormone, which efiectively ahlate ovarian
stemiclogenesis, may be used in prernenopausal
women; arnmatase inhibitors are used in postntu1o-
pausal women.
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Antioestrogensl

Pharmacology
Tamoxifen is an antiorstrogen but has a complex
pharmacology. partly due to its metabolism to numer-
ous biologically active compounds It is an oestrogen
agonisbantagonist that depends on its competitive
binding to oestrogen receptors. Several other bio-
chemiral pathways are affected by tamoxifen, but their
clinical importance is douhtfu}; the predominant
impormnee of the oestrogen receptor dependent
pathway is supported by clinical response: to
tamottifen being largely confined to tumours positive
for oestrogen

In an oestrogenic environment t:unox.ifen stops the
pi-oli.fi:ra.tion ofbreast cancer cells thathind to oestro-
gen receptors. But tfoestrogen concentrations are low.
uimoucitienmayactasanoesuogen agonistandleadto
the proliferation of these cells, at least in model
systems. Redudng this agonist activity has become the
ma_jortargetofnewdrugsandhasledtotl1edevelop-
ment of non-steroidal drugs that actlilte tamoxifen, as
well as steroidal compounds that are derivatives of
oesI:radiol.7 These two groups d.ifl'er in their interaction
with oestrogen receptors The non-steroidal com-
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pounds bind to oestrogen receptors, leading to their
activation and dimcrisation and their binding to
specific oesuogen response elements on DNA which
causes transcription of oestrogen responsive genes. A
complex series of coactivators and corepressors can
also substantially modify the agonist or antagonist
response to the complex ofdmg and oestrogen recep-
tor. Drugs of this type which are in or have recently
completed phase III development include toremifene,
clroloxifene, TAT-59, and idoxifcne. Other than

toremifene, each of these has improved antagonist-
agonist balance in standard model systems such as the
immature rat uterine weight test." ”

In contrast, the steroidal antagonists (exenrplified by
ICI 182780. Faslodcx) have been chamcterised as pure
antagonists, as in their case the complex of drug and
oestrogen receptor is effectively inactive. There is
debate as to whether this is due to lack ofdimerisation

in the oestrogen receptor or a lack ofbinding to oestro-
gen response elements, but it scans clear that die acti-
vating functions arc blocked and that the stability of the
oestrogen receptor is reduced such that the oestrogen
receptor content of the tumour is greatly reduced.

Bod-t Faslodex and idoxifene are more efl’ecn've

antitttmour agents than tamoxifen in animal model
systems, and both show activity in cells and rumours
that have become resistant to tamoxifen.’

Conventional clinical pharmacology of the new
antioestrogcns has not been instnlctive for their
cliriical development because there are no good surro-
gate markers of their activity against cancer. Tl'teir
clinical development is being helped by a novel
approach, in whid: pathological markers of prolifeI'.1-
tion and apoptosis an: measured in primary breast
carcinomas alter short term, prc-surgical treatment
with the drug before surgery."' "

Tamox'tfen's oestrogen agonist activity is advanta-
geous on some tissues other than breast cancer.
including bone and liver, but not endntneuiutu.
Experimental evidence indicates that chemical modifi-
cations can enhance the therapeutic efiicacy and toler-
ability of non-steroidal compounds and lead to a
group of compounds called SI-ZRMS (selective oesn-as
gen receptor modifiers). An example is raloxifene,
which is in its late stages of" development as an
antiosteoponotic agent; it lacks the breast and endorne»
trial stimttlation of oestrogen. New compounds of this
type will soon enter clinical development for breast
cancer treatment and are candidates for breast catnccr

prevention strategies."

Tabla 1 Recently reported phase ill and randomised phase II trials at new non-steroidal
antiuestmgens
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Tamoxifen is the “gold standard,” but its agonist elfect
rnay stimulate tumour growth and cause ueaunent to
fail." The newer non-steroidal amioestrogens have
been developed berause (with the exception of
toremifene) they have reduced agonisl activity.

Table 1 shows some recent studies of new amines-

trogens A phase 1]] trial found that toremifene was not
superior to tamoxifen." The analogue droloxifene
seemed active in phase I] trials when used at doses of
20-100 mg/day, as did the japanese drug TA"l"—59.""‘ '5
We need more information from phase II trials about
idoxifene and data from phase III trials comparing
tamoxifen with d1"0l0XlfC1'llE,TAT-59, and idoxifene.

The pure anlioesuogen ICI 182780 (Faslodeid
showed little agonist activity in preclinical tests and in
the only trial in advanced breast cancer
pcrfonned to date." Notably. it is active when given
after failure of tamoxifen and produces remissions of
two years whereas standard second line endocrine
therapy usually gives a one year median duration of
response. Again, randomised data are required to con-
firm these promising preliminary data.

Aromatasc inhibitors

Pharmacology
Using ammatase inhibition to suppress oestrogen syn-
thesis was developed as a treatment for breast cancer
over 20 years ago.” During the intervening period
many inhibitors have been developed Plasma oestro-
gen concentmtiolls have been widely used to assess
pharrnacological eflccliveness, but such assays have not
been sulficcntly sensitive to provide reliable compari-
sons between inhibitors. Isotopic methods that directly
measure the inhibition of enzyme activity throughout
the body have provided more useful comparative data.
There is no evidence that any of the inhibitors
diifcrcntially inhibit aromatase in dilferent tissues. The
inhibitors maybe considered as two families, steroidal
and non-steroidal.

N01:-steroidal

All of the non—steroidal agents are active orally. Until
i991.’ the only widely available inhibitor was aminog'lu-
tclhimide. This drug inhibits several cytochrome P459
enzymes, including some involved in stemidogenesis,
and has been widely used in breast cancer in combina-
lion with replacement doses of glucocorticoid as a
“medical adrenalectomy.“ When an1inoglutetl1imide's
clinical effectiveness was shown to be due to its inhibi-

tion of aromatasc, this enzytne became a therapeutic
target. The side effects of aminoglutethimide {mainly
skin rashes and neurological symptoms), its lack of
specificity (requiring replacement glucocorticoid). and
its relatively low potency have been targets for
pharmaceutical improvement and have been well met
by the most recent dnlgs.

A series of Iriazole derivatives, anaslzrozole
(Ari111idex),"""" letrozole (Fema.ra),“' *2 and vorozole
(Rivimr)”" have all been shown to have excellent

selectivity for aromatase in preclinical models, and this
has been conlirmorl in dinical studies. Their intrinsic

potency is considerably greater than that of amino-
glutethimidc. In patients. arninoglutcthimicle inhibits
total body arornatisafion by about 91%, while masto-
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Tahla 2 Recently reported phase III trials which compare standard second line endrrcrine therapy with the new triazole inhibitors
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‘Complete response plus partial response: Slihstable disease [25 months). 7

zole and lelsrozole, at their recommended doses of

1 mg/day and 2.5 mg/day, irthibit by about 97% and
>9Q%, respectively.” In many patients this results in
plasma oestrogen concentrations which even the most
sensitive immunoassays cannot detect.”

Steroidal

Two of the steroidal agents, formestane and memes-
Iane, have undergone considerable clinical develop-
ment. Fonnestane (4-hydroxyandrostenedione; Len-
taron) was the first selective inhibitor to be licensed?‘ It

is given by intmmtlscular injection because it is
rnetabolised too quickly if taken orally. It is more
Specific than aminoglutethimide but does not have
more pharmacological activity. Excmestane is orally
active and seems to be selective at clinical doses.” No

data have been published on its eifects on whole body
aromztisarion. The only pharmacological data from a
randomised comparison between any of the inhibitors
showed the superiority of anaslrozole over formestanc
in suppressing plasma oeso'adioI."‘

Clinical results
Table ‘2 shows the results of recent randomised clinical

trials comparing aromatase inhibitors with standard
second line endocrine therapy (after tamoxifen). The
trials for lerrozole and anastrozole had three anus: two

doses of the new arnmatase inhibitor compared with
either the progestogen lmegeslrol acetate} or the old
aromatase inhibitor (a.minogluIed1imide).Vorozole has
been tested against these same comparators at a single
dose in trials with two anus.” "‘

All three of the new non-steroidal triazole

derivatives (anastrozole, letrozole. and voroaole) and
the steroidal derivative exernestane have shown

minimal toxicity. In particular, they do not produce the
troublesome weight gain of rrregestrol acetate nor the
rash and neurological symptoms of a.minoglut-ethim-
ide. Since all four compounds are specific aromatase
inhibitors, glucocorticoid replacement is not required.

In general, all the trial results point in the same
direction. Overall response rates with the new and the
old treatments are similar. Responses have been
reported as either complete and partial remissions or
as cornplete and partial remissions and stable disease
for at least six rnonths. The latter reports are more

EM] VOLUMIESI5 -I O(.'l‘()Bl£R I997

logical since stable disease gives equivalent palliation
and survival.” The dtrrafions of response of the new
agents have tended to be longer than the old, but even
more irnportant are the survival advantages shown by
new agents. The trial with the longest follow up shows
that anastrazole 1 mg has sigrrilicanr survival advarr
rage over megestrol acetate 150 mg,“ and the other
trials show trends towards survival advant3ge'.s.'l"he uni-
formity of this difference suggests that these trends are
likely to become significant with further follow up.

Trials in progress

The introduction ofnew agents and the results of trials
generate new questions and the need for new clinical
trials. Table 3 outlines trials in progress or which are
due to start shortly.

We need to know whether the new nmrsteroidal

anlioestzrogerrs (icloxifene, droloxifene, TAT-59) that
show better preclinical charactefistics than tamoxifen
are better clinically. Large trials comparing all three
new agents with tamoxifen are ongoing. The pure
antioestzrogen Fasiodex looks highly promising in vim).
in animal studies, and in early phase 11 tests However,
phase II studies are notoriously unreliable in

Table 3 Clinical trials using endocrine therapy projected or in progress in early
(adjuvant) and advanced breast cancer (phase Ill)
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Talill 4 Past. present. and potential ltrture treatment at advanced breast cancer by
blocking oestrogen receptor or reducing concentrations of oestrogenic steroids in
postrnonooausal patients
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predicting superiority over old agents. Thus the
recently started study comparing Faslodex with
anaslmzole as second line endocrine therapy for
advanced disease and the comparison ofFaslodex with
tamoxifen as first line treatment that is to start late in

1997 are highly important.
The success of me new ammatase inhibitors as

second line treatments for advanced disease has led to

the initiation of trials using these drugs as lirst line
agents for advanced disease and comparing them to
tamoxifen as adjuvant therapies. The optimal duration
for tamoxifen as an adjuvant seems to be five years.
Studies are in progress or shortly to start in which a
changeover to an arotnata.se inhibitor alter two or
three years of tamoxifen is compared with continuous
tamoxifen (table 3). Change to an aromatase inhibitor

after litre years of tamoxifen in comparison with
stopping all treatment is also being tested

Conclusions

Although the principles ofendocrine therapy have not
changed over the past 100 years. new methods have
resulted in less toxic and more widely applicable treat-
ments (table 4). Also. for the first time. we have begun
to see improvements in the effectiveness of treatment
in terms of response duration and, most importantly,
survival.
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I fleatson GTZ On the neaunmt of inoperable case: of avcinoma of the
mamma. Suggestions for a new metlmd of Irnmwttt with illl.lJfl'al:i|f£
cases Lqvuzt l895:2:l0£-7.

2 Cole lUIl’.]anes CTA. Todd IDH. A new anti ic agent in late
bras! can-zer: an arty diriiml appraisal of ICI 146474. Sir] Carrionl971:25:?70—5.

3 any Breast Cancer Tl-iallisrs Co~ope-tatjve Group (‘EE(.'lCG}. Systemic
creaunmt of only brunt cancer by hormonal. rytutmic, or immuno-
rlmapyztmurcr l99‘2;339:]-i§.7l-85.

4 Cun'r:k j. Baum M. Tamoxifen and tozmaloteral breast cancer. Lance:l9B5;ii:9E2.
5 Li.p}:rn:ran M. Monaco ME,Bo1a.n G.EEects t‘J[DE5ItL’1l'£.¢!Cl'al‘l.l.()l 1nd oes-

triol on hotnnone responsive human breast cancer in long term tissuet.1.tlm.1'e.GmmRes l9'1‘i':37:l9Dl-7.
(5 Miller ‘WR. Endouine treatment for beam cancers: biological

and current Bio:-Jun: Ma! Bio! l99G:3i":46i"-80.
7 Howell A. Del-'riexz<i D, l1obertson_[.Blani/ey R. Walton P. Response to at

specific antioeteogeu (ICI l8'278rDl in tamoxifen-rcsistmrt bi-east raster.-r.Lima! l'395;3-}.'$'.29~50.

rationale

 

3 Chander SK. Newton C. Mtflagtse R. Dowsen M, l..t.|qmano V. Coouttbes
RC. Py|1ulodine--Hodutzmoxilcn and 4-iodolamctxifen. new analogues
of the anlioeslrngen tamoxifen for the meallnem ofbreasl cancer. CancerRes l9‘£ll'.5‘l:535l»8.

9 Wakellng AF. Dukes M. Btrwlt-r].A potent spcdfic pure antiesimgen with
clinitzl potem'J'ziL Cnrutrrflrs i991 5113867-73.

10 De Friend D], Howell A. Nirhsoiion RI. Anderson 1*; Dowseu M. Mantel
RE. at al. lrwestigation of at new pure aniioestr-ogen [ICI 182730) in
women with primary breast cancer. Carmr Rt: l994'j4:4(l8-14.

I l Ellis PA, Sacmni jutti G. johnston SRD. E Andaman, A Hm-IEIL R
A1-Ieme. et al. lnclucdon of apaptoen by tamoxifen and ICI 182730 in
prirnary breast mncer. lnrj Cancer l9‘37',?2.fi|1tir-1 I.

12 Salt) M. Glascbmolt .‘tL. Bryant Hll Raluxiftne: a scltttivc estrogen
receptor modulalunjfianellfinn Mel l994‘.l2'[supp| 2)*.§9-20.

13 DeFrirsI1d D], Anderson 5. lielij. Willrs DP. Well CMI. Mansel RF. el al.
Etfects nfd-ht.-drtsxyrsnttvotifen and a pure antioestmgen (ICI l32’I8tl) on
the clonogenic growth of human breast taxtcet cells in vitm Br} Gunner
l994:7tJ:2(l4-l 1,7

H Hayes DF,Van Zyljrfl. Hacimg A. Goedhala L. Bawuda WR. %Iia.trfljA.
er al. Randomised comparison of tamoxifen and two separate doses of
tonemiliene in ptisuttenopansal patients with metastatic breast cancer. jCiin Omxrl1995:13:2556-66.

15 Rauscliaing W. Pritrzharrl K1 Dmluxifme. at new antiocslrugcnz its role innterasutlc breast cancer. Br-cart (fa:-rm Ru Thur: 199-1:3] :B3v9-1.
16 Tominagali Fatty phase El clinical smdy ofTl\'l'-w [new azitloeslmgenl in

patimu with advanced breast cancer. l9tl1 [nte11'Iali0na-l -Congress of
Chemotherapy. Mortutal. Canada. 1995.

17 HowellA.DeFriend D]. liobertson_|'FFL Blarney R“! Anderson |..,A.nder«
son E. at all. Plxarmacoldnerlcs, pharniaooiogical and anti-ttimour elfccts
oftl-tr specific antioestmgtn ICI 182780 in women with advmeodbn.-as!
cancel: Ber} Cnrwrr 19962741300-B.

18 Stzhwaniel WC. Kruggel W6. Brodie H]. Studies on the ri1Echani!-in of
estrogen bimynlhcais. VIII. The development of inhibitors at the enzyme
system inhuman placenm.E l§\73:92:366—8tJr.

19 Buzda! Adonat W. Howell .-\._lcrm-s SF. Blomqv-in C. Vogul CL, at :1
Aztasunznic. a potent and selective ammalzse inhibitor, versus megestrul
acetate in postmenopausal women with advanced breast tamer: results
ofoterview artalyatis of two phase Tl] vials,’ Clin Oneal 19951142000-ll.

20 fluzda;rA,jorrat W, Howell A. Yin [-1, Inc I). Signilitant impmvcd survival
with .th'in1idex lanutmmlej \enus ntegesool acetate in pmustenopauaal
advanced breast cancer: updated results of two randomized trials
[:bstra:t].Prrx.-tn Socclrrr Onml'1997:lfi:156.

El Sniith ]. DcII1Ibernnws|q.' P, Falltsort G, Lconzrltl, R. Pannsci L Be!l.rnum._],
ct al Double-blind trial in postmenopausal women with advantzed breast
(anon showing a dose-etlcct and superiority of 2.51113 Ieuoaoie over
megeslrul iweltue. Elrrrj C€l7ll.'£I' l99fi;52A(suppl 23:49.

22 Marry M. Gersharwvith M. Campus 3. Romien G. Lurie H. llnnavcttmra
T. et aLI..e=rozoIe.:t new potent. selective aromatase inhibitor superior in
aminoglutedtitrride (AIS! in posnnenopausal women with advanced
breast mt-icer pmriuusly treated with zntiuestmgens [ahau-act]. Plroc AmSat‘ Clin Dntol l997:lfi:l5€I.

23 Begin]. Bunncterrej. Houston 5]. Uiger H]. Murray R, Nortierj, er al
Vcrozolc (Riviwr) versus aminoglutevltintide (AG) in the trcannml of

usal breast cancer relapsiing after razzmxiia-r [absuntl]. R-or
AmSocC!in0ncal'l9‘£l7;lIi:l.5-Eil ’

2-l Gbfigwlflfl E,T:rtnaclti.Sv:.ltu-arlz LH.KJ'E1nel'AB£i:rrtlieNonl1
American Voromle Study Group Vornzole vs rneganc in postrrteztopam
sal patient: with metamtic breast carcinoma who had relapsed followingIamcIxifEI1[:lbtlII2CIl--PJ'lDt'.i.lIl Sat‘ {flirt Orrml l997:lI|5:155.

25 Dowsett M. Biological background to arorrriatau: inhibition. ‘Die ll‘:-ms!
1996;5:l96-201.

26 C2:-ombee RC. Hughes SWM. Dowselt M. 4-H nmedione:
A new neatnren: for postmenopausal patients with breast cancer Eur]Canter l99.‘Z:2flA:l9é l-5.

2? Di Salk! E. Omani G. Paridaens R. Coornbes RC. LoheIie_[P. Zurlo MG.
Prrclilnml and clinitzl plntrrnamlogy of d1ea.t'umatase u1h:brt'' ' or nemes-tanc (FCE 24504}. In: Mom M. S-trio M. Gris. S9: Iermllonat and
mllillmnovm in mdor-n'tte _taarItology-‘basis andchrriml spam.
Arrmutdxm. Elsevier. l99»l:303-9.

‘.28 Dowsetl M. Vornbiof DA. Kleeberg UR, Canion RI-".Dodwe|.l D}. Robert-
sonjl-'l?., et al. A randomized study asst.-ssi11g oestrogen supprraion with
arirnidex lartastrozxziiel and forrnestane in poomwmopeusel advanced
breast (‘anon patients. EIr7jCa:ua-r l99ti‘.32.-Hmppl 2):.-I9.

29 How.-ll A, Marzltintosh 1, Jones M, Redford ]. V¢hgstzfl'_], Sellwoood RA.
The definition oftlte “no drangtfcare-gory in patients treated with ends»
crinr: therapy and cltcrnullterapry for admitted cartintrma of the l:-roast.
Eurjcrrnarr Clia Oneal 19l53:24:l5fi7-‘F2.
rnmpm 5 August 1997:

Endpiece

Misleading appearances
A woman accompanied her husband to the doctor
and waited for him during his checkup After the
examination. the doctor came out and said, "I don't
like the way your husband looks." "Neither do 1.”
said the wornaii, “but he's good with the kids'’‘

From Theflest qfMed€¢:aI Humour (I-Inward]
Bennett, ed. Philadelpl1ia:Hanicy and Belfits, 1997)
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