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SUSTIARY

Changes in the hormonal enviveomsent induged by endoerine ablation
in women with metastatic breast cancor haye been defined and compared
with the clinieal eourse of the disense.

Adrenalestony plus cophorestony eauses move profound decreases
in stervoid homwone sseretion and excretion than does pituitary
dnplantation with 90«¥ttrium, but does not appear to produce a higher
proporblion of remtssions or remissions of lenger durabicn. The
preoporabive exerebion of ong or move of these stercids 1s no guide o
the aubsoguent respouse of the patient 4o treatment, In o conslderable
proporsion of the cages, stevoids of presuned adrenocortisal ovigin are
&6111 oxereted postoporatively bul in o monner guite warelated to the
aavge of cdoncer, Withdrawnl of the maindenance thevepy for a Ilimited
poriod, in oxder to define mown olearly endogenous advenal funebion, wag
algo wable to domonstrate any sdgnificant difference between responding

and nonwresponding patientse

The favoursble outcome of treatmens ia aboud 20 per vent of cuses
lends supportd to the gonceplt of hoxmons responsivencss" of gertain
breagt caneers, although the relationship between the disease and the
enfogrine system is cbviougly more econplex than would pernit the

deaipnation of thege twnovrs as “eestrogen dopeadant®,

Bventual relapse of the disease is however inevitable, and
ivdensive study of the hoxmonal envivonment in the seme patient when the
digeasge wag in yvenmisglon and later when 1% was progressing again was
wable to demonsizate changes which could be respoasible, It must be
concluded that this alteration dn the bobaviewr of the tumour is dve to
changes in the nabture of the cancer rathor than changes in the homonal
stimnlug, as for as this con be shown by the presently avallable sasay

beclniquey,.
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STEROID EXCRETION STUDIES IN BREAST CANGER
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'I‘ho ;rétion:_ﬂ.le fcu jﬁ‘.ave hémhonal ‘appﬁi*bééh to cancer

| 1'-e>é1;5.":c'$l:g'li€;ihe as sm‘hpﬁbn‘ that ihe;g:m.i?;ii.;}.zof pavticular
mal:tgnam.hmuo is not é,l.;té'xédx::cgcms, hﬁi: vetains some of

i Atiir;a“:‘éi?agiraafexif:;i:ics of e,im ti.l'.f‘s;‘stm Lom which it arose., In

-I:_ b;uéas;i;_'cmw.cer this limplies i:h;cx? -'i;}m:i:u;xguu.r, up ':i;o ,.sor‘m-:

'éoinf invi't.f;-:- development, i..'s‘&reli::eéd-erxﬁ; :Eéx: its growth on ihe

’ W_Sa'zia.ca' hormones. as goverin the devéldpgam;ﬁ: of the no&:mai

| bréaét_npaz-’enchy:ma. “.[flie}' éim Q:f.'ss{p::’;'.'h treatment therafove

‘has»beez‘l-tp define these essgmial lmimené‘s and to

:é‘al'iiﬁi:naté}ﬂieiﬁ: secrotion.

With aho development of Isa‘i:is;ﬁaict'éry procedures fov
'the assay ézﬁ ;many hormones and. "t‘h(?‘ u h.fn;ei_:abolites in body
fluids, ihe preci._‘?-:e_ bi@chéén?c_:al ei?v"eci,s of the empirically
ac}opted éndc;crine ablative p;‘@gedu:;:e‘s écauld be dei:gmnined,
and»the sucCess qf tl:'._elope-:x;g{:ijoﬁ: in terms of _regl’GQSiozl. of
the cancewr, §0uld ~b‘e rerl.atéd-ﬁ:o dver_all'l‘a'}.tératibns i._nduced
in the h:airmonal, status of ti;e pa.i:iéni:. "
- Thisa thesiéclescrlibgdjsi:ﬁcl;ie; B3 A(:)a:t'ri.ed out on the

urinary ca‘:a:s::.wetion of severﬁa&l groups of steroid hormones

and their metabolites in woz’iﬁe_n with breast cancer, the

alievations induced by cophorectomy, adrenalectomy and /



/and implantation of the pituitary gland with radioactive
yetrimm, and the velationship of these alterations to the

growth of the cancer as judged by the ¢linical vesponse of

the patient,
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INTRODU GTION,

The concept of endocrine influence in mammary

cancer originated in the last yeais of the nineteenth century

with clinical observations on the beneficial effects of
oophorectomy in two patients with ‘:"ém,;xxfent- or advanced

breast cancer (Beatson, 1896). Lack of consistent benefit

from the operation led to oophorectomy being temporarily

abandoned as a treatment o(f advaﬁced cancer of the breast,

In the succeeding thirtyivto forty years a large body of

infbrmation was ’amasséd on the Ainduction and development

of rnammary tumours of all types in experimental animals

' (Revxew. Loeb, 1940) Later, wﬁ:h a ‘background of the

knowl_edge ga,med- on the‘eﬁfecta of ovarian, adrenal and

pituitary séc:‘retvioz‘ls in 'é;,xperimenﬁal neoplasia, attempts

were again jnatituted to :‘rb(oaifs\r the :c;‘mrse of human breast

cancer by hormonal means, f1rst1y by the admmistration of

‘sex harmones (Loesser, 1938' Ellis et al,, 1944; I—Iaddow,

Watkinson ancl Paterson, 1944),. and later when satisfactory
substitution therapjr ‘became available, by more extensive

ablation of the endocrine organs (Huggins and Dao, 1953;

Luft and Olivecrona, 1953), / '

-1e



Fig,

PITUITARY
Prolactin Conodotrophins Corticotrophin Growth Hormone
ADRENAL

Cortisol »

OVARY Oestroqens
Oestroqens

and
Proqesterone
BREAST

Hormones concerned In normal breast

development (Forrest 1957).
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th’inal and nebpiastic: breast growth, The effect of the
individual horrﬁo'nes of the -oVarieé,_ the -pituitarjf and the
:;lad'rén'al glands on breast growth in the ‘experimental animal,
: Aa_.r‘xvd“their inter:elgtionéhips.qnd synergisn_as have been
'éxtensively st’uci@ed over the past twenty‘:f:jo thrity years,
(Reveiw: Cowlié 'an&inll.é"y,‘ 19585;: It has been shown that
.in—‘rriéle and fémal_e ?ats deprived of some or all of their
endojgenbus 'hormfon;‘__s by hypéphysectomy, gonadectomy |
,._an;i-i'n ééme cases also‘ adrena-lectdiﬁy,v varying stages of

- nﬁammary growth and.development can be induced by
éﬁ%i‘ni»s;ration of the‘ appropriaté hafnaones (Lyons, J ohhsoqx"x,
Gole and Li, 1955).

' Thé normal and pafhological growth of the m;mmary
zgla.nd was originally thoﬁght to be un'ciér .t.he sole control of
ovarian hormongs_. Léter an overriding influence of the
‘ pitﬁitary geqrgtion's' was posf:@]_.at\ed and lé.ter still the
adrenoc;:ortical hormones \‘avere also implicated. The 80
‘called ”growth t-etré,d“ of ho:lmoﬁeé, oestrone, I;rbgesterone,
-prq'lé.-ctin and growth horfnoﬁe when injégi;te‘d.“in optimum
~ proportions into hypophyseqtomised-—oopﬁoréctomised virgin

rats, will sifnulate full lobuloalveolar development of the /




T '4

- [/ the Abreé,sf;'é,*_-:'Vc;fh‘ajciﬁabté}'isj:ic_.of late prégnancy. . Less complete.

'de‘x}éi‘b‘ipmeﬁf'iof ‘-'iffiieéglahd’- c‘a_h be indﬁg:eéi by omiftﬁ‘ing ‘one ‘or

" more of the horinones from the combination injected,  This.

""‘é"drpi’:i’ipat.ién of h:';i-moné's will notbring about lacta.'tibn in

' }tl'fé*ée"a;n-imjal»s; Th.la may only be 1mt1ated by admmmtratian

| f"ifof prolactm. growth hormone and ACTII or cortlsone. '»Tb.e -

“ ;;;f{gnly morp}mlnglgal_ requlremem tjor‘the mductlpn of mll'k','

T _ige'crévtib‘n bythm :’fladt atic)'né.‘l-'fr-i'ad". is ﬁie 'éIVéoius. o

L Most c:f the cha,nges descmbed have been reproduced

on a slighfly 'l“édﬁcef.d scaléi in zn'é},é rat,s (Lyo‘ns et-al. ‘. - 1955)

~and sm’nlar: reéétmns have been descmbed in weanllng.

"~hypophysectommed male mice (I*Iadtleld 1937) |

o Althaugh such dzrect ev1dence of hormmal action’

;is lackmg in the human, the hypertroPhy of the breé.si.
‘assomated w1th ].ong termv oe strogen therapy in boty males and

:fe;hélrés;_"’tlle_ éhan‘ges“ in the bi"eagts brought about by

alterations in 'ov"é‘i-',ién'-function. aﬁd_-the atrophy :c)'r‘;failute'

) ':5"7é--iqf‘%"‘d’;e{r‘eioph'iépzt’ftia'ug_ed by cessation of pituitary fuﬁbi;iqn, L

. sugge st that there1sno veason to.believe breast dézﬁrfelbj_ament )

- and fgﬁctio:i-_iiyﬂ;é:humfaﬁ requires any 1@86'-cofﬁple'§fs':

T R_me‘cheiﬁism than 'f:ha{i ,in-if;he experimental‘ animai. ‘ A

hypothetmal scheme for 'u':he 1nte1:actmns of the varlous

factors is 111ustral;ed in F1gure 1 (I"orrest. 1957) /




S’&ﬁdi@ﬁ Qn th_@' clmi:'_i‘oc}rine aspeéts of e:fcperimentali_"f " "
caxg’in«::ge‘r;gs.-j_.s_hav’e m}e'si:l’y: bc en carried out, in-‘inéli;pe, xvl}icﬁ;-
on accotmt» of theis short life. s.}.sa,ﬁ a‘nd 1.elai‘we1y high
incidehce of spbmafﬁe;;'#lﬂ'.ina:ligﬁagnt 13:).;1::3(11:;1&1;3; f;umouzéséi'e
«the l;most sa_‘.tisfac:tory gspécifes a;va.ili,abl'e h(il%{ghview: Lacassagne
4195‘5). ' Rats develqﬁ;,‘ ‘._:With m.oc'ie-rs..'la’i'térfrequém:y, spontaneous . ..
mammary 'fibroade:ia;xxg} s &..ben’ggn lesicm,‘ which has also |
: heen studied c‘_[uite*‘fc-:;t.é:i‘m‘i.velyx(_Re%riéw:. Noble and Cutts, :“195 9):. .
R wasfzrst ébsém‘redibv&r forty yca:ts ago that
'4 br‘e‘gding ﬁerﬁale?rs had a hi.gherﬁ iricid;nce of mammaxry canc:-er
tlﬁazﬁ vi:a:ginm:'i_cc;fﬁfi'a similar --.‘a'i;'rain,' a"xid“tiﬁat cafiy |
.ooﬁhorecto-zényf}:buld' reclt};:e{_l’r.he f:ge:cltiency of tumou#
clévelopniemj-iLéfizrc;p :za_x;cl:a}’gf;;ei:-:b,: 191({:3). ,'I‘he- rdle of the ovary
in the p:t:ld‘cess‘;-ojf ca;ciﬁog@aﬁésis was éonfirmeci by the
ir;.ciuci:ic'm of mam:mary fuﬂioi1rs m ééﬁs‘ﬁ*a-té& gﬁale mice by
O'i};a.g;ia‘r; 'i.mplaht:sj (M'u:p_ray, 1"92"?).‘ | The f%ctsr of impqgtaneet:
from ﬂne ovary was then ;sihéwn ‘toib_é its ini;'e:g'_né];, éecreﬁon
when Laca&;siagﬁe\(»l.'%z) prbcluqe.‘dl i;miripurﬂ in male rm.('e af’a ‘

cancer strain by repeated injection of oestrogen. Similax

[
N

. treatfiiéni, or subcutaneous i_mplahtation of theéryﬁtélline

ssteroid, can also irduce mammaxy carcinoma in rats /[




- experiences

6

/ a_tﬂ: ('Cm.,,.cbmki:e:r 1939, '\Iab}.e. Mcﬁuen c,:nd C0111p, "‘94.0)‘

-‘-,Although infcombmatmn Wlth oe si.'g:ogeﬂ, proge%e; one wz}.l

. px;‘edu‘c,éliigaxm.ma;%yi cancer in mg_;leseo':f:’ wé,alﬂ;,, or -even ;cang:.}a'r

| resisgtant stif;a-j.z:,ms;‘b‘f‘m;ge, (Lacaiﬂﬁagné;ﬁf1"937;{5_Qaﬁ,}r;i_hei‘.»,’;f

1939)t11er01 no ch*ect ev1dence 1mpl1cating 1L on 11.3 own,

T . tel
L SR

'*j‘f‘in-, n*iémmax‘ii; c‘;ar,(:‘ino_gganesis. fI‘he presencé_f‘of'.”aiét,ive c’o’rPora

L

o .luwa howcver hc-V‘E been cons:.de.red to be of 1mportance by

v';::,:some 'mthor (Lmv, 1941 Symemndzs, 1948). 'As evidencé,. -

" r—,._f""they c:.tc, the low 1nc:¢de‘1¢e of tumours in v1rgm mlce, the

greater f.requency m ihose allowed to have a number of

‘ pregnanci.es, ancl :,he greatest frequency in thoge Wthh h'l.('l

[

gcc’e's“sive géstatibns.

wh Strains of mice of high incidence of spontaneous ¢

tumour g, in Which congrol obsexvations had shown mammary .

canc'ei',,j;_gf' ‘develd'pia'_.-f‘éer "i;:hrf"ee m@ﬁths ocstrogen ,tifeatmeht,' I SRR

'llypophifséaci:e.amised',__-’fdevem‘p no tumotr ) _after five x'flc‘;”ntha

oestrogcn administration (Lacassagne aﬂd Chamorro, 1939). g

? In animal 0£ the same .atram, hypophysectomy abolished the

vmammary hype?pla sua whmh had :i'euumed from Lhree months N

.

pi*éti',ea{;nu‘e@t' with' oestrogens, de\spi‘te continued administration .

oi’ the Ilﬁl'm@ﬁeu.)' These findings have led to the belief that

ova:i*:ian_ and hypdphyseal secretions interact in their effect /







/ the, ncmnpavouu, the hx.gh mcadc‘_m,e :unmr:n.i nunq bemg an S

estabb he.,d facf (RGV'LEW. Stock. 19.:7) L e

‘Alsa-;i,:(} c_bf;’t:?ast to'the r;i ngs in, ammals, ocst'vogens

cannot, bc:: dix g-.ct}l_y; impiiig:ated' in ;:am_inc:gene gifl in the human‘, .
‘ The;e arve J:epm'i,s of mammaxy caucew developmg in maleu
during,the long term stilboeatrhol ,i:.herapy for prostatic cances

:.(Darget, 1 9 6;<‘--ZE:Imvai'clfalnd Grosjeau, 1949), and in {:&omen

treated 'with oegtrogens over a period of two to four yea-r,s

“(Allaba.:iix) and Owens, 1 93 ‘é) ; Paz* so.ﬁé anndCall 1 94 l)

These l'eports mcwe however been quuatloned and it 3 18

iinpgssibl_e on thc available evidéhce,’ .t_o fc:bndemn A_c;estroge.ns 3

éS-Carc'ino‘gelnicﬁ' to‘ humans. Notwwthstandlng i.hi.a, tho fact

' ‘that the adm:m cjh ation of oeﬂtrogenm io a premenopaursal
: };woman thh thc @s tablwhcd disea '-'mmay cause exacei‘.bation,_ '
and also tha.i;th.e adalm_ini stration of testosierone or the

_removal of ovaries and adrenal glandd,. o2 hypophysectomy,

4‘.'_?'.".‘
BT

" may cause avegiession of the cancer, is circumstantial

RV

o i.:fza;i,févi,.t;lcé_xlcgz of the important role of.jél?é.qs‘ég;,stgroid ‘hormones in
. the development.of human breast cancew.,

.-"Endb'c:i:i‘:tié' Methods of Treatment of Breast Cancer. i

 The re sponsivehébssv»of ma,mmar'y ca’m‘:éf to altewations .

- in the ho nmnn.l anu onm@:ﬂt oi‘ the hc»st. is mﬁ.- e:ézjmple of a /

P



Y ég_;eté:;iesi?ﬁifféfeﬁce in tlj_e_‘ same ;disease.~

n mosﬁ sﬁ.rams of mme. 8 pmntaneoua ‘or mducc.d mammary

'tumourm‘are resynnmve to such cham;es only durmg the vcry

;;_fearlieat sﬁag,es in 'Lheaw clewlopment, if at all (Iiaddow. 19.38- o i

",'Nathanagn a;n'd @}.ndervant; 1939;?5,’Mar§:\;nez and »Bitt‘r_rér,_ ‘_1%%) .

b

“although & turmour in a hybrid strain of mice whichonly grows - ..

:-\,‘

R ‘ s;L'ﬁui'iﬁg*pfregnancy, reg‘resaing after pari;gtri‘;ié;i, "has been

, '?idescrxhed (I Ouldﬂ, 1958) ’-Inlthé rai:; horméne ’a"e‘épohs‘iji&é.

x tumaars, mﬁﬂi:ly of a bemgn nature, have been described by o

| Noble and Goulp (19&1) and by Hug_,gms a.nd Mamzer (1958).

\ .::hay, Aﬂgerter, Gruenstein and i‘iamarov (1949) shawed thc,

mductmn‘ai an intc.restmg mammary aarci.'smma in rats by

?*;zthe xnﬁragastri& instiliatmn of 3«-methy1cholanthrene..

rﬁuggms and hm colle:—;gums {Hu,«_,gms, Briziareili and Sutton, § ':ff- |
,‘ 195‘9) have subisegueng}y confi:;ne_;i t:h.e‘_s_s tumours to be: cgf

a hormom reaponmva type.

In 'Liw human disease hormona.l treatment of any

‘ ‘.lcmd ia noi‘ nc;rmaily emharked uptm until the camer has

"‘"_A:ﬁ:r.eachecl a.‘n acivaneedj-sthge. 33&513“@ What would appeax‘

f:o be rmhor unpremising clrcumﬁizames, about 30 per cem. :

E e::.{ women thus treated cbtam a warthwhnle ramission of

o their dmaaﬁe. Juﬂ”ed by st;rmt mbje::tw@ sta,ndardau ! .

L







L e

extremelyunlﬂ:e]y to bendfit £# om: subsequent adrenalectomy,-

v .

whereas regres

sion even of a 131°:ainsitq;«,*_jr:]natu§je; ,aﬁier .

'cs@'nc;er. A«: vﬁge‘l‘l a’"‘s‘_‘. its-feffééi:jt,ltlmou,glizfégluéiﬁg "éi:dre“no’-é
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. OBSERVATION

Cegtrone igola,i:eﬁ from heef
adrenal glands.

OCophorectomised mice dévelop
adrenal cortical llyperplama and .
carcinoma assgociated with ncrmal
development of sex organs,

Qophorectomised mice with,
adrenal tumours excrete four times

~ as much oestrogen as intact

females of the same strain.

Feminizing effect of some adrenal
tumonre in the human male.

Administration of cortisone to
patients with adrenal hyper-
plasia leads to a diminution of
urinary oestrogen as well as
17-oxosteroid excretion.

In castrated females, ACTH causes -

a rise in urinary oestrogen -
excretion, which is abolished by
adrenalectomys

Conversion of androsten~3:17~dione

(an androgen of adrenal origin) to
oestrone shown in the human,

Table 1.
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and bayer, 1958),
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// 7 oaawagcan r‘a-:ﬁa:a: isol&i;edffrtamhuﬂma v.i"‘inei,?f I.T‘ouztoi:hfzz';a;‘a C

/;x}’{ /.-', . zmt mclm;led have rec,ently been c’icﬁcmhed. : Afﬁer the ‘
Zadmimstra.ﬂon o:’;’ oestradiol-l?*g 16 1“0 to women with
:-f "-\breast canc@rl znmethyexyoestrene (Lire.ychy a.nd Gallagher,

- 1957* Lngel Bagrg,et and Garter, 19.3‘?) and 3~meth0xyoe5trml

‘ (I‘mhman and Cwallagher, 1953) Were i‘mlated from the urme. R

le&-hydm ay@estrune (Leoke, \/Ia;?maﬁ, J mhnson,‘ Meﬂr amd
‘Gameran. 19‘3 8) and mc:fe recenﬂy a-gnéthediyaeétrone aﬁd
':ihe 'i:hn'd‘membev ef tha methﬁ.my-aeries E-methcxyoe stracﬁol
2 (Fz*ansdex‘g, ’1%9} ha,ve been‘ chwracterisad ircsm late. : o e
"_--*ax;égn'u;my urnﬁe. ;, Thc quantl:;.tatz;ve sigﬁiucance ‘of theae

= la‘i:est fmdinga is uncertam at g}; ese:nt althaugh 16!3

. -‘hydrozqroestrmm is lﬂ:e}.‘y to be quantzi.atively as impﬂrtam

o as oeswamx anci pcrhap.; more import.am than oestradml~ 17 ,

“-’v)jln urinc: cnlle«:ted during the nermal nmﬁﬂtrual cycle, value..:
- “oi‘ 1 Q - aﬁ ng. per 2.4 hrs. have bc,en obtamed ilvlarrian,‘ ‘(

A{:-r.._,oke. W atgon. am‘l F’anatmnl, 193?). I appears however

o ‘,tlfn.a.t bmlmgwally, 16~ap10estrml axnd 1615’7 hydroxyoe.;trono ', -

,4 - ‘,z

vare much leag a.ctwe.g than oestradml—ﬂﬁ m the tests a:L o

| .ﬁzfi“\‘“;f\'f'fufpre;_sleni;,:uéﬁéd-f”./ .
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‘i}pr@duatmp aﬁd ‘c, gfaﬁ:mﬁ m pre- and P Qé{fa;inénogiaé'us:aiwon_;fén  ‘
}.:\mH 611137 beon \.,'f,}tcﬂ blisﬁed xor ;aa-fzi;'lol J§catrone a;';d
.,_";-\'E’{caemtredmlu fﬂ '3;',1@5 -'a.‘re atpreren{ iﬁc;i & s::mémumy
":j_nmawumd hy ihe woll e:atablwhed “’nea.hﬂd 6& hrewn (1 ‘)F%b‘b) and
n,r,z m;;afleil{;;a.ilméi {lb‘s:aw.n, _3ulb o,o].é a.ad G:’-.“;éczif;?_t’;‘»qci,'_;‘ 1 95'?\&)_.lwliic’1‘a

| sa.tis.o.'y" the c*"a.r.e *i'v ':v;e}ia'bilii;ytana@é a'b‘,:?.i;l'y.tgfo;‘:s: a smethod 'ﬁ;vhic;‘h

i ;i_a .i:o"lgae 'x_jme:d 5.:11 cliniga;l. smdié}s,~ -R‘c_é;cém?iy,. a mci:hqg;l "of ,

: e::ummtimw &.--"-rzetho‘e,ycomrmﬁa, om‘;“.rone, rmg Uﬁ( -ketohc

o

.:‘Imman m me ha., hse"a publiahed (Gs.vnm:' B&tﬂd and Vagl. 1960)

1 ‘,fmd ltlxour.rh 'u. 3,5 lnew.tably wm comp!e::& fox me m rou"cme

studies ;.;i.‘_i';‘i‘ﬁ}zcgpﬂ.d, whcm satisfaé:i;cril}.y established;-yi;ald: mqre- '

“scomplete. information on oesirogen: :;miatabg')lism 1;115;5_9; i.s:at .

N

o iiii’g::'smlt -’aﬁfailé;ble; ‘.Iflmﬁ;;ﬁé:_ﬂd:»;_e _'lc'.om]_)'lc_até" data, wgcntly

B 1’eqm.1'od is Vid med b'y thc. fa,c B thfﬁ. whﬂo ozvly 23 pm: cont.

Qi ad '1'11111 terod 0(‘ Jtraﬂwlnl {!6, 01’ QGG‘* -one appem ithc
‘u.u.a,m_ 28 eczm“ 1&., ao t“em and oast: :1{11@1-1?/6 (Brown, 1958).
g Ppr c'em. c;a: Lho wa tha:a,mlvlc.y Of a @ 11’1.! C"@‘i dooo Of M'C'

y'\"‘f"’lﬂ.bellu.d c}@mea,dmi-lfﬂ alvp».ears, w uhc m’m@ (136@2‘ and Gallagher

199 ) i he p:t’o;m ’i.i.cm or »hia mmcccmnmﬂ f:admacthty due I
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o i;«n“pcirtané:é.f

L 1s ah‘*nosi;.carta»inly _s}ecret"ed ..b'y theﬁ gla'nd.i \.

; /due to'the newl*y A‘d_i‘féqmvered_qeﬁ,\isﬁ;%pgeris may be f‘QiT{céhsiée;ablé |

1‘]’ Qﬂcosteraids. ‘I"hé neutra}.l 7’~oxoster01d§'ih the. uriﬁé

in F 1g,ure 3.. 'I‘he seAtwo stermds, along with dehydroeplazadrg- -

sterone ’ form the 11 deoxy 17 oxosteraid fraction of the

| e :"been isolated from human adrenal venous bloocl (Romanoff

' v..;‘%iHudson and Pincus, 1953, uhort and I‘arrest, 1959) and it

Thé isnlatian and

.”Y‘-;)'-7:::Characterwation bY infra -red spectro$COPY of

dehydroepmndr sterone an.f';_ 7 / hvdrm:yproge sterone from !
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Figure 3. The metabolism of A% androstenesx3ii AT diones. -
(After Dorfman and Ungar, 1953), '
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19.) 8) i.nvo Veb enzym:.c hydrolysu of 1he u&pal'&tbd stermd

"_..dise‘a.s‘é.?l Early'rc'ports (Uobrmer Llobeaman, Hariton,_

Sareu., a.nd Rhoads, 1947) amocmwd 114‘9 hydroxyaetl,ochol an-

s olone w:u:h ma}.ibnant dxsease, rmce a compoun&l ";:ela.ted to- it,

'f‘éa.‘ﬂ.edito i:’:oni’irfﬁffhié.: (.Pl'sinizixi»a;;df Bi:iake, 1:955);. Additional

poinﬁ ha:

"'bgexl give:i‘ ‘fif(éé@l’ﬁ‘.l:y; to_urinary 3.7'-‘“9:5:05{:@1'61(1 assay

~co’mvre. i" n.esmmwono to?aostr vdiol- 1?/5 (Bawaet, Engél,

uwva.e.d a,nd 1)0,:. fman, 1%6) ,._":__"'And the obsé:;:v twn‘u by

ueveval worl«,rs Lhat anclrosi,enenfi, 1? dione ‘can, be /
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/\ 4 Androsten-3:17-dione

HOH,C

o HO

19-Hydroxy
A4 Androsten-3:17-dione

Oestrone

Figure 5. Fostulated pathway of conversion of androgens to

oestrogens,
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a:‘/ be c,mwm tcd to' :.m ..:'L’POHG b'y" wagr of & 194 Zaydfaxylatod

- inté:f?‘_mgdmte in geod yield (xMey‘é;?. 3 ]9::"»* Rym:., 193 8)s
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 Progeptérone and Pregnanediol. Inthe s:io:%af;-pr‘egfg_naﬁtf
woman proge sstc;::v?-‘ona ;Lf:s- fs'eizfei:éd’ !:;y;'t};m‘g‘s.@énuiozsa‘ lutein =
X cel}s of th@ cm’pu, uieum anﬁ yz'mb biy on by »he adrenal

'-'c:ov:'é, ex (..mwalne, 1938) and ig 1;3,;.wely rnembcsb sc.d_ N

'accordmg w w,he @ caam.:.orm shmfm m ¥ 15;., (:».
o P cg a1 1r=-398 &OOJ-dml is ‘i,hc: cnﬂy maMbthe of those

-shown Wlﬁ.‘c’:h ¢ :;m “be detcrrnmeé n i]’ue m;mt, in a 'e:ellable ' B .

3

MANNSY y -, This C{:'Li_i"l b_e done by 3;1:;@_;‘ch}mmatogzzg.p?rgic"‘met}x__md '

< e

L o of ‘v'f{{j:i:ippé:e;;.,,f:'ﬁéigﬁi_g and Brawpﬂ_(&i%ﬁ), l,av.r';d al‘thbpgxh_gijfé'

L:excreﬁmn 1.0193?3“31;‘,8 mﬂ.y a 5ma11 and somewha& Varlable .

_propm'i.mn c»éfvmemboli ed ps‘ogas ﬁ 0 ‘La ? z, 0 per.

- cent. 0{ em 1513@6;1:63«:1 dmsa (}{lappe nd Michi 936) - it

""f'?p:k'{:!ffi;'}e; ihe mﬂy ”nu..(:tma.ble inclex Qf ﬂ.s membelism. T R

‘ {'C}?:;I;ie:i: faci;o:‘i"s whiéh“njxuesst ba coiisidéré;d' e,:‘ji:l:ing With, éhef

alte.;:nativca pa‘ihwa‘ys shcwn. in ng. (:3" are u.r fstly, the aa
‘ yea. undetawrnmed role QE w.!a .u:acemtlyf xammtc-d S‘Lermds, _
PR .6/5’ l'xyd'\.’Dh'ypj;‘{)gegbei"l)'uﬁ anﬁl 6-n}mpverve&w?anc ('Dorfman,

".1 907) ami sagemlly s bh(a nct tln'ﬁ ’Lhc mmaboliﬂm saf

'11-«3@0 ycortic:nsierane {L("G) can a‘i.cm cmtmbuw to- /.. .
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/.i:o urinary pi’ég;mnediol outputs
That pregnanediol excretion can give a méaﬁsum:jéf

progesterone secretion by the adrenal gland has been
demonstrated by a sharp rise in the level of excretion m |
,oogohm‘_actdmisecl and postmenopausal won_’:en when gi\feﬁ" .,
intravenous ACTH (Klopper, Strong and Cook, 1957). It™ |
has been suggested {rom these findings that urinary -

pregnanediol assay might be a useflzl means of asses sing
 adrenocortical function in hypophysec:tomiséd and possibly .
h incompletaly adrenalectomised women, since the pro;:édg:pé
is .nof: influenced by the administration of cortisone. The
methods available however are not yet sensitive enough to’
&etéct the low level of excretion likely to be found in such - -
women, In view of the apparently important role of -
progesterone in experimental mammary cancer (Lyons, S
Li and Johnson, 1958; Huggins, Torralba énd Mainzer,
1956) further studies of proge&terc;ne metabolism with méré-- '

sensitive assay methods will be of considerable interests = .




METHODS OF ANALYSIS



METHOD OF ANALYIIS

General Considerations.

The detevmination of -ater'did ho:rm#més of éamm;
and ovarian origin and theiv me'i;a.balites, in t'h@‘ urme of
wom.en who ha{re' m?.dergoné some form of @zidocfiﬁé abla.‘\_t;io;a,
. presents pari:iéulm: methodological di:ffimli‘.-iés since inthe R
- absence pf the maln hormone producing tissues, urina'r.y'
exc?etioa of i:he.ée' steroids will »be»minimal;. The mét}ibgi_;
normally er;:lployéd for the assay of urinazy oestrd‘gens},j‘.
l?moxostei‘oids;- pregnanediol, and 17»hydroxycortic;ﬁ-été[zioicis'f
were devised for use on theﬁrine of normal s;;tbjeéts Qf -
paﬂeiri:s witﬁ intact endc;cz‘ine glanda; - In tﬁhésé cases; .th'e’:_
presence of small amounts oéf interféring mateﬁialé in the.
final extracts uséd for colorimetry was of 111:1;1@} imporfa‘nce
compared with thé large amounts of steroid presem‘:. Ip‘;
ur:;tnes from ac}renaleétcmised or hypophysectomised w&i;ximf
lﬁowever,‘ the proportion §f intgrz"fering material :m‘igltmt be - )
quite considerablé, and an importam fiactox‘ in re&ucing t'he
reliability of an assaye.

Certain essential requirements must ':be"fulfillé‘d by
a hormone ”a-‘ss’ay procedure before it .ca»n be used in .al study
of the pgr-;:asent type. These 'criteria (:)f reliabili_ty"'\ﬁé:;-é;‘:/; |

w2b-
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/were descyibed by Borth (1952) as accuracy, precision,.

 specificity and sensitivity, .

_ACCURACY.may be defined as the nearness with which a
- given analytical wesult approaches the 'true! vesult, and is
~usually :dei:er‘sfmji}gélgby eatima‘ci;ng the percentage recovery

of pure sieroids added to a urine sample hefore analysis,

" Ideally, since all stesoids excreted in the urine are

.-“canjugateé; ‘a*éiél}er%with glucuronic acid ox sﬁiphuﬂ@ ‘.acicl.
,t]:_:gé ééeréid'"glixélz,{r‘é;lides _orA siiiphéﬁ:ea s'};iou}.;:i he added to the .
uriney Very 'féw"slﬁc'h caﬁ;pouﬂds are available as yet, «:-md.l'
"‘a‘.f.pre aenﬁ:;'ré(’:,d;\rery axpe’i‘imexﬁ:;é r;».;re “car‘i;i'gcl out 't':a'sing j_:aqre\' _
j(;:‘:‘f.'ystalfﬁﬁejéfez‘;é:idé;  Although this 1s not the ideal
‘ o .pi-;:icadufifex n.’*doea Berve Etol givé a iﬁéas'c‘aﬁa.'_ble indie;:a‘i:i?n of the

> losses which ate lable to occur during thé course of an

e,s‘tima.ﬁicn;\ Mé‘fz&;é;& '('1‘9555 ‘has g.i:ated 'i;hé;*»t a :_&.Lethod éoulci
: - he cqns@j&%ﬁ*éd:qﬁé.ntitt_étiirely_'matiéfactp;y :uf 75% oxr 1ﬁ.ore of
R theaddedsheroiﬂm récbvéijecl.' t'Sincél jf;hé accuracy of a- - 2
pubhshed zizxé'_i:héé MAay vary ver& cﬁnsid.érébly Qixrq\ _giijffergnt‘
Alé,bp;g-;{_a.u.:o.rie_é‘,;Mairi'ian has étfesséd the ‘imiaoi;tz{;}:ca of‘thié
' -:'él{ﬁrayS‘ being determined befére, an assay is adéé’cgd'fér

investigations in the clinical field,

The PR-EVCISION of‘a“ method is concerned ‘wi‘i:h its

rep:odué:ibility and is expressed as the s)t:andard_ deviation /



“28e oo

fdevmfm:l frx?v'c};m die rmean 111301311@&&@ éi@eﬁmg}ﬁs;l : T%a R
acceptabledeglee lof p:fé‘cisio;);. inany asSé’fr:-is difficuli
tc-defﬁiiﬁé‘;vigb.t ‘is;iim:;xian'(ih)?sé) has aaggesmd that ig‘z; _:s'tei"oiii:

: 1ﬁet_zﬁod$ »i;‘hé‘-ibe_'ét :’1:11\:3"{2 éan»;'eaééhé:bijr ‘be expeéﬁ;d 'ic-s‘ a
~g;t‘anﬂé§a.x§ide}ia§:£dﬁ of i ié‘}%‘at Dp*.’::imm z‘stléiéc‘)i:d ,;cc.)ncréﬁf:‘r;}tiohs.

-l

and T 25 - 30% sub-opiimal concéntrations,

The term 'SI!?’EGIF‘IGETY as ai;apiié_d to a chemical

asgay can be defined as the determination of oné chemical
entity to the exclusion of all othevs (Lovraine, 1958), In

.some quantitative steroid methods this can be extremely -

. difficult to establish absolutely since the ho¥mones ox

1
+

;rnéfaiiélii:e s \.111@"‘6_3,1’:';:Vc:‘i)ils':(idez‘__&:ﬁél:l’ may be 4e:<_;c’::eét§;é_l in ‘ai‘ﬂd\‘lﬁ‘i‘.g
50 .sméﬁas_],tqpfaclude the classical methods of isa;.;laiii'on a
a.nd chaiécter i‘s'i»a*tiéh, such as m elting. poiz%_t__ déterpﬁixﬁai:i‘qns
énd.c‘lii*ec‘iv:‘ spéc-ii‘osco_py.f In these caé;és the é-pecifigiify“ |
ﬁﬁ-:;:u:':hally depends on the acéumula.tion of r::}evérél‘ types bf :
indis\:*éét evidence which, té,laen all “i:';:‘agét'her, are'-_sai:is‘fac;ia:ryx

proof that the. nleﬁhoii measurés what it-is claimied to measure,

E

and nothing €lse,

The SENSITIVITY of an assay method is usually
» under sﬂji;ex)oc‘l as definiﬂg'the minimurm amount of s‘uba’témce\
vs}hiéh ‘_éar%.fbe_;detected'by that method, E‘:o;l_r_n theesti'mate‘qf‘: / S




<20.

[ of t'he“ standard ‘dgvizu_’:icm 'a¥ of regulis from i:’h’e:i:a:' means
from du;plica.i:é detevminations ii is possible to work cut:-

(a} The quantitative sensﬁ_::hﬁ.ty of a rmethod; Thié ig the
least'ammim af a- substance measgured which is distinguishable
from mero, and ﬁlie'maximum percentage errow at i:hat level:

(b). T hé‘ cg_ti;};titati.ve sensitivity of a ﬂieﬂmé; . This is ﬁllé
least amouﬁt of a pubstance which can beé measured with not
move than a"‘ffé;:feéit{'fic m‘i'dr;

ORSTROGENS,

‘: The mmimd used fmﬂ ! ,t:.mati ng \n:rinar*y Qost:rona,
oedtradiol- 17ﬂ and oestriol was that oi Brovwm (1955b) and
: ;:\*;i:s, mcadifiaa‘i:idn, Brown et élu y (1957a),

In principle, ‘tha proceﬂurg involves the acid hydrolysis
of the oest@iegen c‘anjugatefs in ﬁhe .ﬁ:cine,. éi:hez: extraction
of the free sm:emd,.;, and ﬁcpm*atmn of the phenolic fraction
by alk;;}li axtract‘jpn of the eth_el,»?‘ ; Th‘:‘ phenolic fraction is
| pa.z:i:a’.tio“néd bei::\naez_en henzene, petrolgi:lngn ether, alkali
cand water, :&‘c%liowec’i by quén‘i;imt,we methylatic%; of the

Lhén&ii‘ic groups of i:hé@eﬁté@genﬁ, fractionation of the
mei:hy!: ,ethers by absorption chyomatog:zig@phy 6:1 alumina
cammné and fiz;g}_ly colorimetric assay of the sajﬂﬁaratéd

oestrogen methyl cthers by an improved Kober weaction /.

N




Cestrogen

| Oestrogen | © Mean Kean

Number of Added - | Recovery | mmﬁwm Percentage

Assays | "pgll |  pgl/t | . pgfl | Recovery.

| Cestrone
Cestriol

Cestradiol- Hﬂw ‘

1

4 5.0 - | 4.z |41 -a3] 80
6 | onz | e 6ul - 6.3] 86,0

6 e8| 5.7 | Bu6-5.7| e3.8

Table 3.

Wmooﬂmwﬂ of nuﬁmwmwwwﬂm oestrogens mm,m._mm to acid

. r%mno._w%mmm, urine,




mﬂwvﬂcowﬂ and Gz m.m#ﬁoomw , ﬁmmw@ .

% where @ the n;mmmw.mﬁnm qomrimmﬁ mﬁu icate mmnmﬂ,ﬁ nations
N theé number of Pmﬂm?ﬁﬁmﬁodm vmwﬂmﬂwﬂmm
Oestrogen | .‘ mwmm..m%w ”mwﬂnwua , } o C. B w..ﬁu. ‘ | A A oA R.F,F
Wm..wmmmwﬁﬁdmﬁmm gt * w_mwmm estimated g .,mm.w__mm estimated 15t u
Cestrone - 0.0 - 3.9 0.37 (44)] .0.0-.4.9 -~ .C. 350 0.0 - 2.4 - 0,33 |
4,0 - 15,6 0,57 (11)] 16.0-19.9  0.44] 5. 0 -40.0  0.59
Oestriol | 0.0- 3.9 0.39(28)] 0.0- 4,9 0.4¢] 0.0°- 2.4 04 37
. - 4,0 - 150 0,45 (16)| 10,0 - 19.9 0.53 5.0 - 40.0 0. 96
| Cestradiol | 0.0 - 85  0.39(35)| . 2.5- 4.9  0.37] 2.5- 49  0.51
_H.H.ww.wn 4, HEstimates of precision Om nw,m ommﬁ.aamﬁ assay, mﬁ@ﬁmmnnm as estimates of ﬂ..w@

standard deviation ('s'} . of the results from their means (from’ mﬂ@wwnwnm
mmnmu.gﬁm.ﬁnﬂmw.; H.Wm quﬁw.mm in brackets wm&nmnm the wgvm.h of mmwwwnmwm .
o mmngmnpoum Mmﬂmeuﬁwmm. -

o
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ireéci;ic'mzu's‘izgg the Allen colouw x:oz*:*ee;é:igm- t§ ma,l;e
allowance fér i‘s:lte_z,"féseix;g ‘c;i:}romo'g{emcz “r:'ha.t@ri!a}., ..‘}511_5.5
me'_"g'hod was shown to bé éuvl;jeci; to. in’z:erfefe}nc:e.frafﬁ high
concentrations of xr;e;tg};gg}lités of cm‘ﬁf}sohé _a;u_d i;';t:on-i the
.achﬁinis'tz*atién of éerta‘in clz*x%gsa - In owvder m overcome
thig, aa 'addit_i@nal step was ix’mt:mduces;l*@to‘thé analyam
in which Lhe phenolic fraction is saponi 0 with &}o::hum
hyds xide before me_f;hylati@n. ‘ Thig :#:ed.ucaa the impurities
in the fmal é:rt ract by over 50 per cent, |

T}m accu:a:acy of this method was checked by
| ';:ﬂﬁ»:,.JLW:.ﬂof Lhe. ?‘Gé‘ﬁve?‘y of OP!B'&':'?"DE@, oé.s;:é«io‘ and oe s*i:vaciwl—‘
17ﬂ a.dded t0 acid hyeirt;alysod uring, ‘3 hc, rcafmlts obt am@d

are sshown inf 'I’a,ble 3§. I is gonerally accepted that a fm:thar

10 - 30 pew cemi.. mss of aesﬁrogén GGCl’&'&’\S:dL’—wl»ﬁf’ ac:.d
hyd'mlysis, ‘o. the Qve:mll :k:ecc;vez:y of Qm:."a*;m:;_,,n:‘ac;hmevad
8 60 - 75 pé.'. cent,, a figure generally 'a:ez;ardeﬂma‘m
3;2;;';2:'153:33&}.(‘:{:031‘?}5‘?03’:‘ ;h:t,.‘S vaethods | ‘
.Allnf:f{étea;mimz‘tions were c:as::s.‘iéd Qvui:__«vi,;i:vcllgpli;caﬁe a.ﬁd
_‘ an e stimate Qf -'%:h;;a 13raéi:aion o% fiﬁﬁi._gg),etl'i:dd canb@ Amaa,_d;(‘a. by
calculatiné; gt W};:irf:h is ;'B,n eﬁ'i:im_&ﬁ;‘axmél thc si;am;lé;@&@%?i%tion

worlked out Lmrn the dif ference between clup?ma.‘r Lo

 determinations in ai”seri,gz&: of assa’gs (Sngﬂ‘eaor » 1955), The '




- 1957D) and m{é Ushp'wn to be in gcmd ég:ﬁ;’eéiﬁ@h‘{: ,Wifth ther,

- thai: the lowest lmrels (pg per 2.1’ hrs.) dmtmgmshable from

fioe st -_a:z:eta;:'z;emparacl" with :"_&:hm;e@ub}.iﬁhed by two other groups

of workers v mw x.h&} ..;a.;,ﬂe mciheu of as u&'y' {i:nz:c:wn et .a.l. 3

Lt

Eividence obtained from several spgré‘e’s sugges‘a_fs- :

thc.,i: B:eaw"l' ma,ihod, is gpeciiic Icw QEHL&‘D‘I&@, ca&trml and

oestradiol- 1*#3 . This evid@nce can be summm*iﬁed‘as A

follows: =

a) the known high specificity of the Kober reaction,

b) countercurrent disitribution studice on the cestrogen

méthyl ‘e'n‘;hea:'f f;*aci%i.dns ‘ohtained i:'::*o:m u::ine"(}?iczfalusy, 1955), -

¢} pa'fa,llel che'mical and bmasaay Biudles (.t::ulbroolc,
G emvocd aml “W 1lliam.3, 1960).

d) cq"a.{npariso:n_ wiﬁh :gédioisott}p‘ic studies’ (Gallagher,

Kraychy, I;"ishméin, B‘rbwh and ‘Mé.i*:éian,  195 8), ‘

From a étatisi:ical analysig of a lavge number of

determinatmns (E fown et al., ¥ 19.)7&3), it ha.s haen conclu&ed

‘ze;::o are ogg;_t rone 0. 64, oestrml [{R 84}. oemtradmol 1?!9 0 60

For cdnvenién‘ce,, in this labcraiig}’ry, the lawe‘ﬁ*limii;_ of

seﬁsit‘iv‘ii;y is i'eggx}dédia's_-vl.{) ) 2 of_eac,h‘c)estxogen pef".?.f& o |

hours.






[ blanks.”

‘I‘ha accuﬁacypf the method has ’béen inve stig‘ated'i‘a’y
measuring the recovery of ,a.;tldl‘(?ﬁﬁ@rﬂile added to the urine
?befaﬁrg h*y\:ix'dlsrsis and extraction, The vesults are shown in
Table 5,

T

C}Wi_ng to the length of time requirved fox the
perfai‘-mance of one assay (3 ~ 4 weeks) and the impracticé'ﬁility
of carwrying out move than three assays simultaneously, it was

e : ,
impmxsiblg to caryy out duplicate determminations,

Althéugh the Zimmermann co}@ur veaction used in
the final gquantitation is not specific foy ].7-—0xo$te:zoicls,
three types of evidence suggest that the method does measure
the (:cxmpm‘;nds shown in Table 2, These ave,

a) the vigorous purification of theolfraction,
.. <
b) the behaviour of theol. fraction on paper chromatogirams.
¢) the identity of the sulpburic acid abgovpiion curves of
celuates fromn the paper with those of pure cx?ﬁrstalline steroids,.
The ﬁmiting factor iﬁ the sensxltivity' of this mei;fxod :
is the sensitivity of the :S:i,;ial Zimmerimani caionm reaction,
Using this me?thed,- amaﬁnm of individual stevnids as low as.

0,01 mg. per 24 hrs, may be detected, hut quantitative

significance is doubtful below approximately 0. 10 mg. per




Androsterone o Meaﬁ }f’arce;ntage
Added Nuraber of Recovery and
mgl1 Assays ' Range

39»6 3 70; }- (6’?. 7 i 72‘0 5)
3.1 1 7343

Table 5. Recovery of crystalline Androsterone

added to female urine.




Pregnanediol Numbexr of flean V% Rfacmé’ery .
Added Assays TS0,
mg/1 | .
0. 80 6 94,1 18,0
4016 7

73,9 % 5.1

Table 6, Recovery of crystalline Pregranediol

added to male urine,




Method of |

Number of | Range ,
Asgessment Assays mgl 24 hr, | Mean t s, o, !
Replicate Assays 8 0,61-0,831{.0, 73‘1‘ 0.077
on One Pool
Duplicate Assays 76 0.0 ~4,0 0,064

Table 7. Asseasment of precision of pregnanediol assay.




of Klopper et ati, (1955);

.results, shown in Table 6. S

vina Iarge series. of determinatmns. L

i and 1dent1fv of the fmal product. or ‘on the absence of anY i"‘.-"‘f B

PREGNANEDIOL.,

Amd h-ydrolys of the urine ‘m .

;.-.—'foilov&c:‘d‘byf,ﬁéiﬁéiie‘:’,extracﬁen,:. all;ali waahmg;tomeiﬁd{reﬂ Sy

phenohc steroids and permanganate ox:.dai.iom ‘ 'I’he free

pregnanedmls;s then"sfepa‘rated from' ‘related p‘i-é‘gnanetriél‘s""*":

| "~"and other oxxdatmn products, b'y absorptmn chromatography

‘on alumma columns, acetylated and rechromatogra.phed. et LI

Pregnaﬁngdqu diacetate is th’en e__sﬁ;1;'xaated"ct;}q?imethcally; o

wi-thfépﬁéénfi"a%ed Sulphﬁiffé acid, 2

Rec'éireii'lyw,ééfﬁérindénté,f: in W:lrii"c‘h' f.i""ée' *pr' égnahedidl S

wa.s added to urme before hydrolysm gave satxsfactory

Multiple determmatmns were performed on one

pool and the 5tandard Devzatmn (o.D.) calculated from N

: '3thel results Obtamed. In Tabie "? this is compared thh
LF .the value of the funct:.on ’s as prevnously defmed

calculatecl from the dlfferences between duphca.te assays

D P
P L g

The spec:fmity of the method clepends on the purity

| substance other‘ then pregnane 30( ZOoLudiol whmh gwes /




".;'/gwe-s a colour w1th c,oncantrated sulphuv:tc 'wcxd The

‘Sulphuric a.cui specirum and the i r. Spectrum or the :

'urmtary resldues ha.ve bcen %110W1’1 to correspond closely

o ;to those of cryatal‘iine m'eg,nanedml diacetatc, (Klopper et.

al-. 1953-- Coyle, Mitchell &: Ru,ssetl 1956). 1he~,,s_”‘vf R

3o

---,urmar resuiues a,lso ha:ve chroma‘ho ra hm ro ertles
s Y 8 P P P

. smnlar i"o those of pure pregnanediol and 11:3 d1acetate. E S

l

. the urmc appearb to be pregna.nediol dla.cptate only, the

_ senmtwﬂ;y cxf the colour reactmn governs the sens:.txvity

e "of Lhe method. , Ii: ls 1ike1y that valuea below 0 5 mg.. per

) 2.4 -110"_113;5%_-';«3,:.‘(3 :nqt_,qu_ant}_ta‘twelyx_slg‘n_lf;cant,

Since the sulphumc acid c.hromogemc matemal from'».hf



Method of Number of Range
Assessment Assays | mg./24 hrs, | Mean ? S, D.] 's'
Replicate Assays 8 6.90 - 8,63 8.0t 0.%71
of One Pool
Duplicate Assays 18 5,10 - 30,0 0,597

Table 8, Assessment of precision of 17-Hydroxycorticosteroid
‘ assay.




TOTAL 17-HYDROXYCORTICOSTEROIDS,

The met hod of Appleby, Gibs 5013, Noanbe:mlu and
u%,ubba (19.7::) wa e:mp oyefi. .Ln i:his, uﬁinary 17 20 kei:qls
'ar ﬂeduced io the cor"eupondmg ].yfco].s,- which, ailong._with -

Sighe 37'?’0 gTycol mlgmall'y pre,s@llt, as*e es timai.ed by the.

vJ 3.:{1:@;‘111&11;1 ceacimnaaﬁu ()_‘;_L-{,dg):trl:f\f_.&‘ runo:\/:,‘»(\,_;of iﬁ:&:é{udﬂ( u«mw ‘
. Thzwcemacy of thm mebhad ar ﬂc}‘:’:é:&mined by

.xecoves.yeaxpmuncm:b is éﬁ}ffﬁ.qn‘llﬁi:ﬁo ABEEs ducio the

‘va:s‘.jyip‘g. chiomugemcity of the }.'ﬁft’_;oxs;c;m;ezmicls ciéjl':ajfivled from

the différent urindyy corvticosteroids.

s

All e%umahons havebeen pei'Le%';necl in duplicaie,
and dai:a. cencermnoithc prkcczswn of i.hq;. asséy a:;*e é;iven
| in ‘I‘ablca 8. |
ﬁIt has bé311: shqwﬁ tyllaat',i:he_‘ .:;'het_:hod Will‘ measg:e, in
uw :me, only 11 mcoss:termd;a clez*:gvcﬂcl from umna':t:y Cz1
compound.a, sin‘c;é*1‘;(:,.'4-2?:_«;0.&;_‘1:&3;{01:13 added o '!_;he #zﬂine beforev'-

Clapsay do ot interfere with the analysis.

The same considerations apply to the sensitivity of

i t.ﬁis. method as do to ‘i;he[l‘i»’\«-o;@sigroid fraétio:%a’iﬁion,: . The
uri‘m;ﬁ aasayed— by thisg mothod all c:av;ma L0010 iméiexﬁté with
“intact :;id'mn;al fglands sothequesnon of 1owe.t liimits of
sensitivity ho.s 110&. be a xnvesug z.cd.. f / - : o



TOTAL 17-OXOSTERQIDS,

These were measured‘by the method advised .by the
Clinical Endocrinological C;‘r:)mmit‘teélﬁ,- of the Medical
Re s_éarch Goﬁncil (1951),

Bec'a.tllse of the well c’lefined‘natu;'e of the assay and
the chemica],ly hété‘rogeneous residue.c;btained for measure-

ment, no recovery experiments were aitempted,

37 -




HORMONE ASSAY IN HUMAN

BREAST CANCER



HIORAMOME ASSAY IN TTUM /"LN ZREASYT mf\hTC 37‘\.

Thoemenmvc _c-irfcun‘mtap.tiél evidence al'z_'eeid";r
.deéci.ibe.ﬁ: il;i'.fi_".\lﬂ..i.._c‘é:}?’_i‘.illg“ﬂil‘{e’.'};lciit.‘l‘l”lc}:‘zl_ﬁz_.’;‘s of i:‘ic;z éwa‘i«ie o, 'al_(if{'ﬁi}.”.‘lal
giamcis anﬂ pitt?:ii:ﬁ:»fy g};l 3 _"1 in mammary f.,g.li."(;lm;)“@ne sig made
adeuraie é;{u&z;ti‘tlz;'tiiﬁ'e-'sta‘.i,-zglie's -Of the hovaonal stai:ﬁé of
b:e-ea.st cmnee; paticnts an urgent :;'equié_*e:ﬁs.iént, o ﬂo‘b élinical
“ "mﬁapi:{’iciaxﬁ on o basis of isci.e‘n.tiﬁ:a‘;:..\facj:.

l’t\., L(‘laiﬂfﬁ mer £ blood ami uvine dete !.‘11’11.1.19.!]0116

in asscﬂmhg the h&i’ﬁld%ﬂ&l envivonment have been x*evie*ived
by M‘ari'ia#(‘1955)‘,- Only omall and s.somc-:iwha“t variable
-amlouni:s of an éeilmipis;i:eredld‘é;;:aé. of varicus ster élci hofrﬂcneq
can f:e “1'e'§é)verrevr.'§ .in tho :‘pgri‘ne in t‘ha form of _tmc}%anged. hormone |
‘ow '.rec‘ég@iaa‘blé'%ﬁmetgbolite 8, and-in thase cases it mu.mi: be
assumeci Lhai: ‘ﬁi?ji‘xmiﬁy stm'{aicl‘-a'ésay:—s will u imi'larly’mc_aqimii'c:i
o:mly 2 51‘1‘)&111 amount of .the‘:hprz;none eom.oted in the bodv,
| 7W‘hi1<a it_’h‘aag dc-;’f:linii‘:e.disadw;raii‘lt‘a.gsm,' Mmrfvi&n @;Qiﬁ.‘qltlcles i:}é:iat
:a uria;.t.;e dgtéﬁ:;ﬁiﬁa_.’i;it)z@ W’ili yield a value which may be - |
acceptedasbnau.ug some é.ppﬁc:é:%imate propoi’tionanﬁy 0
the total amount of h’é}ﬁ;nmw seﬁfcéﬁed,dui‘*ing a certain period
9£“ti@;§ . usmtlly _‘fﬁmﬂ 8 h:éés. to '2'.{%'11:0:8‘. Blood djetermimtidns}‘ -

which have been urgad by some authorities on account of /

. <38w
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[ of _thiév,_ provide information about the levels of a hoi""mone o

or metafaol_ite at one inst‘aht only - the instant of withdrawal
' of the s’éimple..'_ While this may well Be é.s valuable as, or
in some cas-es‘ more valuable than, a urinary assay, it is
',in:‘fcﬁ‘-;ﬁahti.on of a.k different kind and the two types of,ab;s_ay
shoﬁla be regarded as supplementary souﬁces of'l -
.inforniation rather than alternatives (Marriar_lAl()‘SS)Q o
_'i\/loréov‘er, u,r:inary assays aré at present g"enel_raliy'r rx_x'oré .
rglial:;le than methods available for estimating co;;"x;e sﬁbndi:ng

substances in the blood,

Aims of hqrmone assay in breast cancer., The s‘e have
recently been summarised by Stroné (1958) as

a) To define the environmént in which the diszea‘sé.‘
evolves,
\ b) To determine the hormonal effects of e4ndocrine
treatment of the disease,

é) To seelk a method of predicting the response of

patients to the forms of palliation at present availabie.

| “a) The Environment of the Disease,

The establishment of a relationship, if any exists, - -
between an abnormal hormonal environment and the

development of mammary cancer inhuman subjects is /




40~

-

/is a task of formidable dimenéions. It wouid involve
estimating the daily urinarj excretion of a series of
hormones and metabolites throughout one or more complete

- menstrual cycles ina ‘popula.tio;n“qf women;sufﬂcieqﬂx large

to yield ultimately, an édeqﬁate number of cases of breast
cancer, Sucha ét;uciy' has not so far been attempted
althéugh a 1£Vtﬂrg,«;—:“ gcale survey is at present being u:gglerfé.kén

~ by the Imperia,l Zﬁ'nnd on:r Cancer Research in an island .

commumty in the Channel Isle Se Ah alternative to this
would he the study of the hormonal status in precancerous
disorders auch as chronic cystl;cg. mastlta,g; (Nathanson, 1944).,

It is however by no means genexé.lly accepted that

recogmsable précangé::pps conditicn?_cio 'e;:ist ‘in,u_-tl}is .

,di‘se'asét' -aﬁ'd clarifiéa_ltion of this pomt ‘m‘ust‘ ﬁ)ré,cede*any
o horﬁ‘ionve 'sgtlic‘li,es_. A ‘sécoi}d alté;‘*rﬁtive- to a comprehensive e
survey is to compare the hormone’ excretmn in“untreated?
patie:}té in whom thg, .\gin_ifs‘éa,se is‘ espabiiéﬁ'ed, _with normai;f

subjects of édmpérable menstrual, status‘(Strong, 1958)._~

Stuclies of thm type have been reparted recently by K—ellie‘ o b
(1954)0 Lorame, Strong and Dougla,s (1957) and Brown

(1 958), Itis. generally dgreed. that no a.bnormahty of

, hormone excretmn characterist:.c of brea.at cancer can be

‘demonstrated, although Brown has sl_m'wn an in’c;‘ea’sq !
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o

[increase in the excretion of oestriol and in the ratio
cestriol : total oesivogen in postmenopausal patients before .
" ireatment, _ e

b) The Effects of Treatment on Hormone Lxcrotion,

Most of the \’;101‘1{ cérrie_d out in recent years, using
réiia,ble hormo-ne as‘say methods has been directed at
defining more icl‘ea'rly the eﬁ'ects of tl}e ablation of certain
endoérine“ organs on steroid hormoné 'production and
ex;cretion, and éorrelating them .Wheréve:r p’désiblé with the
subsequent behaviour .o‘f the ‘disiease.

(1) 'Ooph;reci;omy an‘d. Ovaria,nih;radiatiqn: The 'results
~of oestrog‘en‘ assays cgrried out afier one ox othex of these
procédur'e‘s .‘are éumma*;ised in Table 9..

These i‘ezstults.confirm eaﬂier reports basécl on
'.bioass’ay,”that oéstrogén excretion continue s, perhaps at a
1;)'we.:c\ ieVel,‘,i after 601311'03::6@0111%: ovarian irradiation and
after the natl:&&l menopause (Dao, 1953; Smith ané Emerson,
1954; Struthers, 1956; ,miczfa:m‘sy et al,, 1959), No
com*ela.i:ipn'haé ﬁgen found ﬁetwéenthg level of preopzerati*)e
o'e_sf;s:ogm; é}i&ifétibn and the subaequent vesponse of the
pa.tiehi':, or jdi)'ﬁferenc‘e‘a‘betwaen the ei;c:;rea‘tion” levels
postdpe:cativ‘ely in the responding and non-responding groups.

The lower level of oestrogen excretion after the /
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[the 1*!;@1101::&\13&5 ig scarcely affected by cophorectomy which
may explain ‘thg very poor resulis obtained when patients
with ba‘féa;si; c’anééi' who ard past the menopavse are treated
in this way (Trevés and Finkbeiner, 1958), Ovarian
irradiat.ian is _leés effective than surgical castration in
suppressing the ovarian ocestrogen secretion, This is
suggested by a furthex decrease in vastrogen excretion
following oophorectomy, ia patients with irradiated ovaries
(Smith and Emerson, 1954), although this finding is not
confirmed tbjr ﬁiczfalusy et al., (1959, The small amount
of actiocholanolone shown by Plantin et al., {1958) to arise
from 0va?ian precursors is unlikely to have much bearing
on the élinical course of the disease in vesponse to
oophorectomy. -

(2} Adrenalectoﬁzy: Cestrogens, In view of the evidence
" shown in Ta,blé 1 that.the adrenal is the likely source of
oestxogené secreted afte'r cophorectomy, it would be
anticipated 1:'1‘18’.1:' oopﬁorectomy' plus adrénalectomy would
‘abolish the excretion not. ézlly of vestrogens, but also of
17-oxosteroids which in the female are derived from
precursors of advenal origin,

Table 10 sumimarises the results published of /[



wd3a

I/gflﬁmriﬁ@ne‘a.ssays pc—:éfarmed éf{:e;;f éeﬁirenal_egtamy, In .
_Cx:‘égi;sfv‘é,est tc: the fa;_:x;s';:‘reyori: by Da,cﬁ-us_'ing a‘hioaséa,j, all
‘ .sﬁﬁﬁég&egﬁ: iavg;ﬁg}gatip;as have 31}(93;;;1 :qglfnti.;mygéc} oé‘stro_ge.ﬁ
" excgetinin‘#ﬁmr. z':.w.d_‘\_:r:‘-é;iﬁl@q;;omiy. ’Xhe };attax._ _re‘.sults :w;a:e%
mo éii‘y- abtameﬁusmg chemical méf:@qd‘s‘ m", o étiz:n’at-z.gn;
: ;,Hel,.lstrgm} a,nd j}:_}.»i,'g;‘cl:olleé.gue s have ‘;ae;@ervati‘.onis abouuthe
na;tu:;fe of ‘f}ig;"Jc‘cA);;fxilmcmcl su:m;éez;:surgd by the Kober cqlou:r:-
n\raacfi_éﬁ mm'me from ad:ce_naiectqmiaei patients, a,lthough' “
repcrts of oo:.mfser} v&giﬁai 5‘1116:;3%"5_; ((.“St_rutlr_mrﬁ,‘ 195 6) and
pagall_;él !amas sa;_y and ch’emica}. aa sayy by the meghdd fpf B
. Bg‘.éwn, Bulhé:éoi; and Gréé_mwoo& -(B;J,lbropk_; G;;ejgnwobd _.
.. and William%,]‘?é@) ﬁ3ugg§§3ﬁ£héﬂt Eiolegiéa}l&'ﬁ;ﬁye oe strojgén‘ o
is braée‘xvl-t.f.i‘.Pgn;-sé.‘S'tént,l though em;ai:ié, oe m;:xfé_gen“ei:c:r'etiozi -
over long \:péﬁrziqcis{ of time aﬂ;er adﬁg;zalatztozny has also been -
,reéérﬁed (Eﬁl};gé@k and Gfeenvydccl,' 19‘;57)‘.‘ |
Tv‘.mma ;:ja,i;.hez'l limited series of thirteen patients,
V}i’:ulbx%oekg e‘i;.‘/ a.v:l. » (1958) formed ﬁm imprés;sicﬁ 'tha.t_ in
"‘gene‘r;zl‘, pe_r‘asiéi;:eﬁt, oe‘st‘rogeh exc’retiony- afﬁe;-s;- adréﬁale&oiﬁy -
:“.wajg assomated with fafilque of the pat_i.éni; ‘te’ %‘:‘;;e §pond tq thé c
‘qpera?inna,‘ }ézlt;‘:.:oi:.gh‘it did not preclude xegxgséioﬁ of the‘z‘
tumouh In a 3&1:61' short ’:‘pr’lG‘S (33111.131*(361{, Greenwood and
Wlnzams, ]960) these same »a‘ut‘l}ox?‘ézwexe imal:}le to detect.

.5y,,bioa.ssé,y.{(().ﬂ()ﬁf}ig<per day) a#y_oésta*ageii ”e:»m.r‘etion in '/
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/in ?atienizs Who,.fm cancey did not respond to adrenalectomy.
Br;:wwn et al,, (1959} ,.were also unable to ﬁgmrlanstrate any
differences in oegivogen excretion é;gi;weeg; paﬁentss who
reasponded to the operation and those who did not,

17-Oxosteroids: Most interest in'this group of

steroids has centred on the possibility of continued excretion

_ of the 1l-deoxy 17-oxosteroids - androsterone, aetiocholanolone
and dehydroepiandrosterene - after bilateral adrenalectomy,
- Kellie and Wade (_1 957) have 1*@;30;61.;@4:1 the excwetion of both
androsterone and aetiaclmlaﬁolmﬁa in two patients, and
Hobkirk {(1958) has detected aetimchélanﬂlcmd in six patients
and androsterone in 61’.&1&' one of these, aftex zz.d:&énale‘ctomy',
i-»?;imilar findings have heen reported by Bulbyook, Creenwood
and Thomas (1958}, Plantin et al., (1§5 8) could only
detect AC}. 11 aétiocholaholmne in this type of urine, however
this is p&ﬂ&b;ibly a dehydration artéfact ai"isingl'fram aotio-
' élmléno}.one during hot acid Iﬁyd's"olysis of the mme.
In the only clinical c:'orréla‘ﬁion veported, Hobkirk could
| show no connection between the clinical s;a:te -of the patient and
the excretion of these two compounds,

Pregnanedioli There are 6iﬁ.y three studies reported
on 'pregnaﬂned'l\él excretion 'b‘? &dﬁi’éﬂ&l@(:tﬂﬂiié@(i patients, In

all cases (see Table 10) excretion was reported to continue /
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] continue affer opera tion alt blno\u«rll the *mi,vﬂ levels veported
{(0; 05 to O, Sf rng per ."f’ hrs,) ave at, o¥ below the sensitivity
litr;xi.ts of the‘ methods employed.—
{3) Hypophysectomy! W‘ab] 11 sumxﬁa:t' ises the steroid
excretion S‘tudiés reported in patients afi:e:i‘ ﬁl'ypbpllyéectom&a
In «;"oni;ra st to the post-adrenalectomy findings of a

consistent decrm, sa in the 1éve1 of oebt"cgon excyetion, without
necessa:;?ily its a c,bolz.tmn, after suigical hypophycectomy
ycrei,mln may deéveauc ’ vcméi11 virmaliy unchangcd 0¥ even
iﬁcafease.- ‘:uc.h fméinb hd,ve beervl re portec’l;in a small series
| of zcase‘s}'%:ay‘&":%:e:eeinwoad and Bul'b&.;oo}:: (1 9:"3'?6, 1957} and by
Bqlbxook ‘et a)., ((195 8)s Oestrogenic vaginal smeaxs have
‘been repé:i‘iied' ,1‘;11 hyiao_phyaectomi.s'ed pat‘ieni:s by Hoztling

ét ale, . (1951) and Klaus (1957),. and the, biol.ég-ical a.ctivity.of :
;he ocasty ‘owens excreted has beegln coxﬁirmeé by pa‘rallel
chc:mﬁ.ca,l and ,bm"xss'w,y (Bulb:eoélx, Cweenwood and Wil 11ams;
1960), Holl‘lday, Kellie and Wade (1959) found 17-oxosteroids
m thé urine of suﬁginaﬂy hypophysectomiced patients,

And ‘osterone and aeuochola,nolono weve pyresent in.
cqnsid’era}élv ;tfeduced arounts ,a_w,nd' were, surprisingly; fur‘thé’r’ -
‘reduced by wi‘i:ﬁd?gawal of maintenance covtiscnes Baron,

Gurling and Radley Smith (1958) #eported normal plagma /
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/ pl&g‘:;na 1w whyﬂr-m;ycortimataraic’i mveiﬁ ‘h’. hr g, after
cortisone withdrawal in fcx’utj out of twenty~two hypngxhysectﬁémiﬁm
patients, whiahd was assumed to indicate normal adrenal funciion
unaliered by»ihé removal of the pituitary.
Implantation of the pituitary gland v;vit:h 90~ Yttrium and
;‘é%adb'n did not abolish ossirogen excretion {Forrest et al., 1958)
and in sanﬁc& casen excretion of androstorone and astiocholanolone
also continued (Mobkirk, 1958). .&sy in Haniday, Kellie and
Wade's capes, withdrawal oé cortisone also occasionally 'led
to a decreass in the excretion of these ll«&eéxy }7-oxosteroids,
ﬁiiz&iéal. Corvelations: Hortling et al., (1957) claimed
)thai: in all their patients wi'zq imuproved after hypophysectomy
oaéﬂrégea}ic effects di#@gaared from the vaginal smeax, and
Bulbrook et ;aé..,, {1958) were led to the gamral impression,
as after éﬁx‘*mam@émy‘. that high wmmggratim oestrogen
excretion was aesociated with relapse of cancer, or a failure
to benefi from the cperafzién.: ‘No‘n\%‘ of tixe. othey workers,
however, (ece Table b) eould shm&;’.any-‘cnxrelatioh betwesn
the levels of exerction of oestrogens or 17-oxosteroids aiter
hygmphymcaomy or radioactiﬁa imglani:aﬁon of the pituitary

and the clinical reoponse of the patient. /




/ patient,

c) Prediction of Clinical Response to Endocrine Surgery.

The response of patients, even within apparently
identical clinical groups, to exﬂocrine sungery is alt present
unpredictable, Although it may ‘bé possible to reach a
<choice by relatively simple tests, for example the change in
the urinary calcium level‘induceci by the adminisiration of an
oecstrogen or covtisone (LE"-"earson et al., 1994; Emerson and
Jessiman, 1956) the value of such tests is limited to patients
with extensive bone metastases and may well involve
provolking an exacerbation of di;&eaee only to demonstrate
that the form of treatment used is contra-indicated (Strong,
1958),

Allen, Hayward and Mexivale (1958) have suggested
that in patients who subsequentivbenef'ltecl from endocrine
surgery, the ratio of the preoperative e:ccx'efion of il-de‘oxy
17-oxosteroids to 1l-oxy 17-oxosteroids was greatexr than 1
and the pattern appro:nimated to that found in normal subjects,
whereas in those who did not b_epefii:, the vatio was less than
1 and the excretion pattern élo sely :L*esemblad that found‘
after operation, al'though Plantia ¢t al,, (1958) and Hobkirk
{1958) could not confirm this,

Mowve vecently Bulbrook, Greenwood and Hayward, |/



/Haywaxd, {1960} have estimated the urinary excretion of
aetiocholanolone :11'1@:3: total 17 -~11ydr0:qrco§ti¢6ate'@:oids in
untreated breast cancer paticnis. From these two resulis
they calculate a figure which they term a discriminant, the

&)

value of which gives a guide to the '153:;)138,1;1163 vegponse of the
patient to either cophorectomy and adrenaleciomy ox
hypophysectomy. A more vecent report by the game authors
(Bulbrook, Hayward and Thomas, 1961} suggests thai::-the
vogefulness of this function in the selection of ﬁai:ienta for
endocrine surgery decreases with increasing age, and that
its usefulness may be very limited indeed, Confirmation

of the original findings of these wovkers is still awaited in

L=

ovdey to judge whethexr the conpiderable wonrk involved in
performing the assays is justified by the results obtained.
such empivical ratios ave at present havrd to reconcile with

any knowa facts concerning the physiology of steroid

metabolism in breast cancer,
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1. The. mma of wm&wrme ,é\hlai,um i i:hcz Urinary .é.axc::ramm;

L

of Neutml 1‘Fns_:=«**osterais§a and Hwimf ans by Women ylgxzw
A&ivamwm wmﬁmtaﬁm airc_ast LBACCT. ' '

Esi‘ﬁiim&%:émé Q§ prinary noutral i‘?mbﬁaataﬂ?iﬁfﬁ a.m} .
am’trbgeng ha.ma&mn barried out in » serics 65 breaét-;éﬁém’. '
| pat c,nm amh the K@imwing axma,

a) to c:um sare the eifacw of difforent f«ormﬁ of emimrmw :
“sur;;ﬁry on ihe: oxcretion of these steroids.

u) to wis"smn iaformation from prooperative studies wisic:h
.might ‘asﬁi_ﬁsﬁ in ’53‘;»:3 aha;a& of -i’:h&_ appropriate fpr:n of treai‘vﬁw;i‘é‘
ic&i‘ ﬁlm pgﬁgiém. | | _* ‘ o :

¢) to }::;Sr;:‘&i}xi;g% the effect of endogrine surgery an_tﬁé.
| caﬁéér, "'*;vif;h’fizim vgmiatweratiﬁa aix‘:ﬁi’aﬁsiéng in steroid excreiion. _
| | | T’h@ &&g,ﬂ?.a&iﬂaﬂﬂ?.ﬁ of ﬁihfﬁ.mmm ?;fss;aiiwaan iﬁnaan ”
excmtidn h...m ”é:etsﬁm ﬁatermim& by uiﬁﬁﬁ.‘nﬁﬁ 't:' test ( "isher,

&) usinw mm ahn Arithmetxc am.,, hamr;ﬁhmm valma af | h

excratmgﬁp ~
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(Maintenance Cortisone 50 —75 mg.)

CANCER REGRESSED CANCER PROGRESSED
CORTISONE %/%W CORTISONE Wg
e omon | GHEL
% ACTH % ACTH 4
// .
O~

oz —
RN S
P ////

Fig. 7. Bffect of ACTH administration on urinary total

17-oxosteroid secretion afier adrenalectomy.



17-0%0STEROID STUDIES,

. Total Neutial 17 -Oxosteroids,

!

Adx:enétléfcﬁi:omy and dop‘hﬁrectomy;‘ Total neutral

A17 -oxonteroids were esﬁim’xted'in at 1east three 24 hr.

'CDlleCt.LOn‘s of urine made before, and m at leaat three

collections x‘én‘ad‘e one to three ;g:z.onths aﬂ:_e;r )adrenale[ct om'y g
and odphquectpmy, in twelve postmenopa'u‘sal' wanen’ w1th .
breast cancér. _ Postcuperatwely the patxent:s recewed bO mg.\

cortmone per day, and durmg one -day period 120 umts

corticata:ophin (ACTH) gel daily, by mtramuscul_ar 1mect1‘qn;‘"

! l

Thé‘.}réiﬁoval ~cf adfénals and ovaries significantl’y{'v -

. ) ireduced tl';e Vexcretlon of total neutral 17 ‘oxostermds
‘(';[’able 1?). ‘ The meaﬁ fall wa;é 1d.emi.ca1 in both -the :
..reslaonclmg ancl non—respondmg gr’oués Fof patienta. AC'I‘H
.ad;ninxstraﬁié.za chd not cause a- signifmant 1n§raés;e in

‘-omostero:.d excretion m e:.ther group (T‘ig. 7)&

"~>1tuitary implantation. J“Jaﬂy estimatmna of total

‘neutral 17 oxostermds werc made before and after
jm_plantaticm_ l._c»f .the‘pituitary vvi‘ch 90-‘-Yttrium’.» Of the

eighteen patients studied, nine had regression of cancer as’

a result cii;f'the,pit‘uitary destruction.
.IZ’i'-édpéi;si:t‘ively, ﬂirgé to six determinations _ﬁv'ere" /

.»51'.," .



mg. per day

B2

CLINICAL IMPROVEMENT

CLINICAL DETERIORATION

N

(93]

BEFORE IMPLANT

MEAN - 3.8 mg.

AFTER IMPLANT
Cortisone
50 mg. per day

MEAN ~ 3.2 mg.

BEFORE IMPLANT

MEAN-3 . 6mg.

VNS

AFTER IMPLANT
Cortisone
50rmg. per day

MEAN_ 3.9 mg.

Fige 8¢ Effect of pi’cuitary implantation with 90 - Yttrium

on urinary total 17-oxosteroid excretion, .
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CANCER REGRESSED CANCER NOT IMPROVED
i 11- Deoxy
mg per
24 hrs
‘ I1-Oxy
|
I
i
{
i
Fig. 9. . Preoperative excretion of 11-oxy and 11l-deoxy

17-oxosteroids in 22 women with breast cancer.
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N {r\?e:jﬁg‘ iﬁer‘foi’mgd_anﬂ the postoperative results are the

' ‘_méaﬁs of all estimations carried out within three months
sooof iniplantation; In n.either group of patients did pituitary
inmplantation 1.ead to a significant ;eduction in total neutral

17-oxosteroid excretion (Table 13; Figure 8),

Neuiral 17-Oxosteroid Fractionation,

Preoperative Estimations, Table 14 shows the mean

excretion (mg per day) of individual neutral 17-oxosteroids
in ,420 patients before endocrine surgery., In a further two -
patients, separation into ll-oxy and ll-deoxy fractions only
was carried outa The values in the eleven patients whose
ca._xicer regressed subsequent to endocrine surgery are
quazmﬁitgtively similar to these in the nine who did not
benefiﬁ, This similarity is demonstrated graphically in
Figure 9. y

In Table 15 the mean excretion of the 1l-oxy
’.17-idxosi;eroids in the responding and »‘non—respondihg groups
of éatiepta are compared statistically by Student's "t' test
-using both the arithmetic values of, and (x 10) 'tﬁe logarithfns
of the outputs. The total 11-deoxy 17-oxosteroid excretions
ave similarly analysed, No significant differences are

| revealed between patients who subsequently benefit from /
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Jivom endocwrine surgery and those who do not.”

Prediction of Reoponse to Eandoceing Suegany..

Fyom Tables 14 and 15 &t is obvious that s;:-;rérmlv
abpormal sterold exeretion is not z.wsgt::iated yrith aitlmr- érohp
of paticnts and as a consaquence prr:mpei*a’ti#m meapurement of ‘
any single 17-oxosteroid 1o no guide to the likely rés;;;onaé -

 @£ o patient to endocrine surgcf*y‘.- Ratiog of tlﬁe’ex-c%@tign
values of 17-oxosieroido have been reporied by.cértain p.titlmrg“ ‘ “
a6 beiang of value o them in aclecting pationts hkelymbcnoht
from endocrine ﬁ;‘cam‘nam {oae p.47 ). I:xc“i.‘alglé_;_lé‘ e
preopoerative valr;cas of the ratio of 11-doony to llfm\ ‘
I?Mmmstmf{?ids axrc shown in tweniy-~twoe patients Wi;ose
subsequent Yesponse o cam:%ac;'iné UL gEry was kna\vﬁ; "‘l‘h‘e
maean ratio n the twelve patients m"husa cancey reg:‘r@_m,sve-d u‘s
almost identical to that in the ten patients who had ."nc-: lbénc—afi‘t,
and the individual ratios were of no valuc in forecasting thc
response o treatment,

n a f.ur’_ﬁ:é.w gseries of tﬁeni:y--twg ;éaztimxts, the
preoperative excretion of total 17-hydroxycorticosteroids é,ﬁc"l
actiocholanolone were dotermined., The indlividual 1eveis,
and the ratie of 1'7’«-f@wdro:zyc:orij.iéoaﬁeroi‘;d:‘ aééim:holanolmxe
in each patieni ave shown in Figuves 10 and 110 i??étig;nts

who failed to respond to treatment digd not show / ~

.
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Figuve 10,. The preoperative excretion of total 17-hydroxy-
corticosteroids and actiocholanolone in twenty-
two patients with breast cancew.
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The ratio of the preoperative excvetion of total
17-hydroxycoriicosteroids to that of aetio-
cholanoclone in twentiy patients with breast cancer,
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/ show decreased aetiocholanolone and increased
17 -hydroxycorticosteroid excretion, and the gé ratios also
appear to be of Little value as an aid ia choosing patients most

 likely to benefit from endocwyine suirgervyve .
¥ € ) ? G
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CANCER REGRESSED CANCER NOT IMPROVED

H-Deoxy 5 5.
2.0
1.0

o}

mg per

24 hrs
1.0

2.0
3.0
4.0

11-Oxy

] 11-Deoxy

11-KA
11-KE  Y11-Oxy

11-CHE

| Fig, 12, Excretion of 11-oxy and 11-deoxy
S i-‘?r‘oxd'éterbid.s‘ after adremlectbmy:-:;-ﬁ
: a.:m:if bpplixbz;efg:_tqrzﬁy in 16 women with o

- hreast cancer,
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méé-;{f“

" Postoperative Eotimations,

Admhél_gctoxﬁy ;:aﬂdi.'fibdpliéi"ectézhy? }'I‘hirs-,_ mean exgi‘etiéﬁ A
- nbf indis}itl\,iai- ,.-J.'}-;:»z;;:;‘:s'ter-c-:ids éftér: 'aﬂ¥enaleét0§;i§ a;ad-. oephare;c't:omy ’
in sixteen \’wo.%nén ;’vzﬁh breal.?;t canéér is SI’J.DWJ.‘), in I‘é.blé 17 anfi
is um'elatéd téxthe clinical cour‘ée of the disease. (1’ wure 12). o

. The 1l-oxy 17—oxnster01ds preseni:‘in the urine of a11 patxents 3
"’.kf\‘(llf' hydroxyandrasterones. llfg hydro::yaetiocholanolone and

ll-cxoac a.iochola.nolone) are metabohtes of mamtenanca cort:.aone

'anddifference gsj }aetween‘the,m_ean excretions of i:he r,e spondlng._;f;--;' CRR

- and ﬁon-rg‘éiﬁdﬁaihg gr'm.;pys_ are’inbtféignificant ('f‘abi;é 1_8);’. RGO TN

Adrenaleéi:p_fé& qﬁd ogphgfg,ctéxﬁy led éq the antiﬁqigaj:éa dis-
appearance.tc;f 1l-deoxy 1:7-o:;;)stercids fﬁém‘tiaé urme Qf ninew .
of tﬁe- shateen“patients.k - Of the r‘ema_i'ning seven ‘patie;nts six -
whé réspopded to:,sﬁrgé‘fyté‘xqfét‘c;d: t;_raée arhouéiﬁ'a of. a’eti;é? L

" 61101&11019;1?; Oﬁy',"’wmle in'c“me}patiént’ who failed to ?:;énefii:,
emall but Sign;;if_i'camvamoﬁﬁts,éf aetiochol’anc;}.mie and. |

androsterone were present (Table 19),

h 'Pituitary Implaxitation.”n Tabla 20 shows the mean
excretion of indz.vztdual 17~0xc>st:eroids in twenty-two women
with breast cancer after p:.tu:.tary impla.ntaimn with 90 Yttrmm.

As after adrenalectomy and oophareetomy, the level of

ateroxd excretmn ‘bears no relatmn to the climcal response /




CANCER REGRESSED CANCER NOT IMPROVED

I1-Deoxy

mg per
24 hrs

- Oxy

A ) 11-Deoxy
B

1-KA

il-KE }H-Oxy
11-OHE

II-OHA

IE‘ig..g 13, "L-gcrei:mn of 11 oxy and 11 ~deoxy 17~ oxastermds after
' pﬁ:mtary unplantatian with 90 Yttrmm in 22 women

: wi{:h breast cancer..



N ;Tg:m‘mu:'ﬁm'lom oJ: .LNDlVIDUAL Il-DLOXY 17- OXOST GROIDS
AFTER ITUITARY TMPLANTATION WITH YI"I‘RIUM 9. m 13
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STV

j;,;f-gaponsemof the pétié;it “(%':igur_e 13“).‘ | C:Qntinui.ng adrenal ',: .
function after pltmtary ifnplaa‘:itat‘iont;g”f suggestec} by the
presence of varéé}:lé “a'mpupilstb::f .o‘neh-q;‘_ moxre of the" 11-(1(—:0:»;37‘ L
17-oxosteroids in [they urine o:f. thirteen out of the twenty—two " i"
patients studigd.A The aﬁ;éum‘.s);;i:v.*;g'cﬁénsid‘erabl;y, greaterthan RN
thd%e present afier aérvé‘na;ectomy and the ;\fla.lues‘} a,re:;sho_v@:ié; :
Table 21, The mean Ouﬁputé ;:}f i;%tal 11_-:deo:f§y 17 -oxostarmds
are COmpa:ﬁ;{gﬁ., étatistically ix; 'I;a.b],é VZZ ’ in patxems \‘who ‘ \:A
responded, and m vthéxakef‘w’}.m iailéd to imprp#e' after pltmtary

implantation with 90-Yitrium, No significant difference was oo

present, and a similar result was obtained for the d;‘ii;’ferencél‘"*“fl"
between the pc:stopera‘ti:vé' 11-oxy 17-oxosteroid output in the
two groups (Ta.ble‘z?;). "'
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RESPONSE NO RESPONSE
Premenopausal before Ouphuractomy
CESTRIOL

o 2] ESTRONE
§ 104 ] OESTRADIOL-I7 58
= 8"
3 61

2

° S 5

Postmenopausal before Adt‘!hulectomy & Qophoractomy
and Castrated before Adranalectomy

124
10 [

o

6

4

2l

0] a

Mg ! 24 hours

Pastmenopausal qnd Castrated 224
before Pituitary Implantation

Mg /24 hours

Figure 14, Pxeoperative oestreg,en ¢xcretion by 48

WOornen Wﬁ:h breast Cancer.
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OESTROGEN STUDIES,

v

Preﬂpe °at:a.ve E‘stzmatmnu, ’E‘he mean preoperatxve |

exéretién o.ft' q_c-: stz;iol, Qe cstrone and _{)eaﬁéadiol-l"?'ﬁ in .ﬁ@i{tyé

eight' WOE}?éﬁ 3@&1{11 breaaii:':cancer?befoxe either adrenalecmmy,ﬁ ST

o i

| .anc?. m)phmrectamy o1 pltmtary 1mp1antatmn is q}mwn in

Table M, rlwided into those wlm d:.d, a.nd thoac who chd not

: benefzt as a"ret ult Qf treatment. The reSulta. are il;x;.st1=a;ed '

graphical}l}t-~. in E‘ igtxre 14.-, in whic:hthey"are arrangcd in thr‘ea.;fj—? |

.groups '(l.‘)‘_.]‘,e‘s_t‘:_i.m'atipn:s‘in premenopausal women before

‘6oi:gh0re¢tbzﬁ\'j'(2) eqtimations in'castrated or potmenopauéal.

o women before aclrenalectomy or adrenalectomy and oophorectomy

‘.t‘and (3) eafinmtmns in castrated ox postmenopa.msa.l women

. -, before pltuitary 1mplantation wii.h 90 Yttrmm. It J.s clear *

"that the re sspanma '&.o endocrme auxgery bc.ars no relatmn to the-

e
o

J“..

preopera»ive 1c~wels of excretmn o any ox all of these stermds :
'I‘he»me,ans Q\jx’,z‘he arithnxet‘i'cf and ic:gazf'ighmic Vahms'q_f_umtal v

Y Sﬁiroge‘iz;ezm:é{,etion are cofmpm'ed_statis‘tically in i‘gﬁzspdndihé e

and n@n-»z’espnn«img patlem:s in ’I‘able 25 and beﬁm'e p:.tmtary

| 1mplantatlon in‘ -Table 26, The mean t.ota.:. Oé Stfogen ‘Ievels ’

in th‘os"e 'P.at:iezgts-?whqse-cance:c regressed si'idlndt diffgjrw)' «

significantly from those in whom no improvement occurred., |




Mg /24 hours g /24 hours

ng /24 hours

.

RESPONSE

NO RESPONSE

124

Premencpausal after Oophorectomy

I

15

» E
Al

s 5
Postmencpausal after Adrenalectomy & Oophorec
and Castrated ofter Adrenalectomy

[ 5 © 5§ 5 5 C C 5
Postmenopausal and
Castrated after Pituitary Impiantation

tomy

CESTRIOL
ESTRONE
QESTRADIOL-I7 A

" endocrine surgery.

Oestrogen Vexcréiﬁ:i‘on byﬁé women aiter
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[ occurred. ‘Théjpgé'o}ge?ativé _esxi;.i.matiqn'qf, oestrogen excretion’ -
is, therefore, not of value-in the selection of patients for
treatment "i:ay?ei‘idéfc"fiiie methods,

?ostopérat_i{?e Estimations, The excretion of oestriol,

oestrone and Qest‘r‘jé'cli\ql;l‘?ﬁ ©in twenty pé;tieht'é after

_ adrenal‘ectjpﬂrxﬁr%j;d i.;";-’xthix;tyufour -patients after pitgitary.
- implantation is shown ‘in ’I‘akfie 27, The ;r-estillts, arranged in L
an id‘entic__a‘l.'Way to 'th_ose bé_fore Qp@ratioh are illustraﬁeé,in L
Figure lESA,ﬁZé.ncl agam demoﬁstra;te no obvious relai;ionshiﬁ to
t‘hi? response to oophorectomyy ia.drenal‘ect‘omy m’é; g;;tuitary
implantation. 'I‘lié mean difference in oe s‘i:ro.é,en excretion
hétween the re spmﬁaing and non-».fe: aponding \groupéiis‘ not |

| s}:atist,iéélﬁly. significant after eithex adrené.iéctomy (Table 28)

or af;cé‘r_éit.-;;.ta;r'y implani;atio_n (Table 29){ Compariséﬁ of

the ré suits after adrenalectomy ami ooPhérec:‘\toiny: wait‘h thc)éé _
after Q}tuitary 'implantzla‘.tic‘m indicjaéeéhthat signifiéa;ﬁil; imr?gr
excretion féllows the foyﬁer operation (Table 3,0);‘ “ |

Eetimations Before a.nd: Aifer Operaticm in the same Patient.

Reéﬁlﬁ:‘a of such studies are shown in Tables 31 and
o 32 and are illustrated more clearly in Figures 16 and 17,
Statistical analysis confirms that adrenalectomy and

-'Qgpplmrec‘tomy.ie:‘fpllovéeé"tlit;y-a decisive drop in oestrogen /
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- Mdan Excretioniof Oestrogens in 11 Patients before-and « -~~~
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"

after- .{\c"{.«_ é's:ie,l_e cﬁt,omyﬁ'pllué Qophore

Tt
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. Before . L © 5,9

e, T Aftew. 2.4

-3.,5 ¥ 0,92

Mean difference |
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U jig per 24 hrs., o o

Mean difference | -

20,27 % 171

> 0.8
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/ ae-ﬁitrﬁgén | oﬁt@ﬁt; but notto :a"'ti-é.aluté“i&‘uzero. levels;, whereas
né consiai.am ‘ch-mge réaults from pltuitarg,r implantation |
(Tables 33 and 34), ‘ 'I'ne chmcai "*esponse to these operatlonﬁ
was not :c'_esla.tecti' to chanées in oestxqgen levels,

OQesiro 'em E}iawetion af‘i;ei' .Endocrine, Surgery.
Ve

Ii. has 'I:aecome more obvious ~rc;ce¥1t1v. uaing the
improved agsay mchniqﬁég AQW é.vallable, ‘that nestragen
secrgjﬁ:iﬁ:n'and gxi:r_;ati,on dne“‘s not {;e‘aseuwith the ~qmméné)lj;.fa.t.ls«:e,, |
~and th@ ;;é'lai;iveiyl small iﬁcéi'e‘a;s—gz {inar:aesit‘rpgen‘exc‘x{étion
following oépher ectomy in px ;éxx'iaé.aign;}ausal ‘W()mﬁ’;‘ﬂ'v (T able 35;
Fi‘guz;é 18) ia éd&iﬁional ?rcbf of the png'ses:%éé -of an e;z‘.‘trar—:{
ovairi’an source of é'vc»arst;r;:>ge:n pz‘édugﬁi{ion; a 'I;hié*l'mainlsexurce'
cif the precursors of urinary oe@irogéﬁs excreted by posi-
menapaus';zl-and fcé,stratedd women i8 g\énefal}lyl held to be the
adrenal gland (see Table 1). Ei.%ﬁfthe?‘ evidence of thié has
been obtained frmﬁ studies on t'he effect of ,\ACTH on’ uriﬂary‘
oe Btroz_.;,'en exﬂ‘etio‘\n, in ﬁve po,s;tmeﬁeéimusal patieﬁts .with
intact adre:gals,- and on five occasions in a further tﬁree-
patients, after biléxtei'a.l aclr‘einéléc'éamy'. ‘i’_able 36
sumrnarises the results ;}btain_ed \and,ef:s."’:actively‘ demonstrates
deat:mgen production by;_ t:ho gdxe_na,]. g}.apd."

Neither adwenalectomny plus copheractomy or /
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‘I‘he L,xcvetion Qf Oestriol, Oestrone and Oestradiol 17& m‘-‘f» -

twelve patienta after Implanto.twn of the' F’ltmtary W1th
90 Yttmum.

Lffec:t of var1at1on Qf Cort1sone ‘dose, Tro

Cortisone

“mg/day .

Mean Oestrogen ‘Excretion (pg/,?é}"h'i's-)l )

.,Qés};rio.l . Qestrone

Oe strg.c‘lioi‘ o

"Ifgt*al..

50
.0;

150

| aust

'2;,9._'

-

to.3
0.7 | 1.2 Yo0.3
0,81 1.5 Lt 0.4

“6e4¥ £ 1.8

35,3 +

5."11 SRS |

§te
ot
.
[$5)

*These high means were caused by exceptionally high oe striol
%, excretion in one patient (17,3 ug per 24 hrs,). The means
of the other 11 pat:.ents were oestrml 1,740, 5;

tota14 9 0,9

Ta.b}.e 3(
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/ ov pitxiitaify impla.ntatio‘n inva:éigb}y complete}y abc#lishéa :
oestrogen egcrétipn, as has been shown by 61:11@.1“ yvbrltel' a‘; gome
of whoin have demonstrated that the Kobex ci1r§mqgenic 'materia}
in the urine éf such pa_.ti.eahéé wasg in fact biOngicﬁlly aCtix}e o
oestvogen {(seep.42 ) and as yet, the source of thege steroids
is unk‘nown‘; _C’u‘ggeations have included

a) the metabolism of n’zaintenance' coxvtisone

b)éhe.diet

@} aecre.i:ion by accessory adrenocortical tissue

d) the ‘t’um(#ur.

Thel fivst-three pos sibili‘tiém have becen isxﬁéstié;éted.
Variation of 'i'.h¢ "c-ortisdne dosage, and even itiél.complete
stoppage for ﬁesﬁiods §f up to fi_ve'&ay's had no reguiar gffect

“on oestrogénl excretion either ‘i.n a.él.re;laiét‘:ton:ritaqd-?
-oophorectomised patients (Figures 26 - 31) or in patients
after pituitary ﬁnlalaxltat1011 (T‘abﬁ(e 37: Figure 19) which would
be consistent with any metabolic conversion of maintenance
coxtisone to the oestrogen eétimated in this study.

The effect on oe stfogeﬁ. cxeyetion of maintaining five
00phorec’coinisedfadrenalqéi:omised.-ehypophy.sectom‘iséd
patients on a complet:ely synthétic diet (Complan, Glaxo) of
known composiﬁioh fov from th;.rée:f;o fourteen dayé is shown

in Figure 20, Although in two cases the output was reduced /
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clinidal couree of the cancer. The long term effects of @ 5
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|/ OOPHORECTOMY 2 ADRENALECTOMY 3 YTTRIUM-S0 SCREW
v y \ /MPLANT OF PITUITARY

11-OXY |7-OXQSTEROIDS

11~ oxoandrosterone

% Il - oxometiochelanolone

Il - hydroxymetiocholanolone + |
= , |- hydroxyandrosterone S
. 11-DEOXY 17-OXOSTEROIDS CESTROGENS
’ /3 Fraction Qastriol
§ Androsterone Oestrone
Aetiocholanolone Cestradiol
e e

F i.gures?lzﬁg :

cancer,
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M.D
/ 2
; a-|' 16 g
{ 6- !
| Total 17-
R oxosteroids 44
mgq / day 2
. o I
. 35
20 B
H-oxy 17-
oxosteroids | 01 ﬁ a
mg /day o] rh
20
li-deoxy 17-
oxosteroids 'O+
mg /day o o
1 O]
Pregnanediol
Jd 05 AI
m a
9 Y 0 L l—(
16 _|
12 |
Qestrogens
mg / day T
4— m
oLl 0
T T 1 T T T T =1 T T T T T T 1
months 2 6 10 26 30 34 a3s 42 46 50 54 58

Figure 21. Xxcretion of steroid hormones and meta-
' bolites throughout the course of treatment
in four women and one man with breast

- Cancey.,
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E.W,
! 2 J
8 y
6
Total )7~
oxosteroids 4
mg /day ? l
8]
20 -
leoxy 17-
oxesteroids | 0] ]
mg / day o] < W — R =
20
Il-deoxy 17-
1.0

oxosteroids

mg /day (o]

104
Pregnanediol 5
mg / day
o o
16
12
Cestrogens 8
mg /day
4
[+ | B |n T ntml Ay L —
months 2 4 5 8 10 12 14 16 18 20 22 24

Figure 22, Lxcretion of steroid hormones and meta-
bolites throughout the course of treatment
in four women and one man with breast

cancex,
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. F.Mcl.
I 2 5
8 Y
| 6
! Total 17- B
‘ oxosteroids 4
‘ mg /day 2 7
o
I 17 20
-ox -
y 1.0

oxosteroids

i
i)
p:
5

mg/day [¢]

20 7

ll-deaxy [7-
oxosteroids 10
myg fday o

1.0
Pregnanedio!
0.5 7
mg /day o [1

16
12
Cestrogens
a -
mg /day
' =i
o~ T |nl T T T T T T :
months 2 4 6 8 10 i2 14 16 18 '

Figure 23,. Excretion of stereoid hormones and meta-
bolites throughout the course of treatment
in fgur women and one man with breast

cancer,
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Cortisone
50 mgl/day
Tota) )7~
oxosteroids
mg / day

N-oxy 17-
oxosteroids
mg /day

2.
l1-deoxy 17-
oxosterotds 10 ]

mg /day 0 oo 1M
1-0

12
Cestrogens

mg /day
4
o]
meonths 2 4 6 8 10 12 14 16 18 20 22 24
smears 4 4 = 4 — =+ = 4 = ++ - -

Figure 24, Excretion of steroid hormones and meta-
bolites throughout the course of irecatment
in four women and one man with breast

cancer,
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mg /day

ll-oxy 17~
oxostercids
mg /day

2

ll-deoxy 17-
oxosteroids
mg /day 0

10
Pregnanediol

/ 5

mg [ day
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© Figure 25.
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Exzcretion of steroid hormones and meta-
bbl_i‘j:e_é throughout the course of treatment
in four women and one man with breast

cancer,
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/ but umnfluencj efd'by the cour qe‘ of.'i:he dlE}{?aElﬁ,.
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Qas utraﬂeﬁ e;z:c:rétion contmuod n‘a ali e::'a,..aor', w:u,l'a
- the 'ex:c:ep'éién oi’fﬂk}e.-inalg”‘p'atie_nt, A “i\/lc,T) 'Thg _amoun‘ts
'r‘\..m-"‘.ml'e v 'i hie M-.;}._iid._ft.:‘)i}.o\‘vec\‘l 1o 117:&1:‘:&@;‘11, @ th ©in @ ;s;r;r one
’ ..- 'ﬁétie‘;é“ﬁ:.,- o f:t‘()i:i”.z.‘ pauemm iai&ti@fn\‘:, ‘t:ut-s;)ere_ 1*eét11ztxfly :
) A h1gh &noug-;?k\l to smmc. Wﬁhm ;tﬁé‘ limits of ée‘:’c:iifﬁ@.@éf of the
N ;ﬁ:};éﬁhéd c»;fc',‘g;r{s'a.jr used, zn 'ov;hé case, ('J. }.T?“. , in w.}lli..ch |
vagindl s:&ﬁaa:&s wé:g:e ’do'ﬁé_cﬁnf_;uréi*em}.y w{ziﬁhv the ch‘,err_niéﬁ‘al
' QuFtL‘OC‘Ell det : l '11,1011 ce;mfi d Si*l”l@::‘li}é were'fo;m?.d"
';1}té1'i‘x;.ittm.‘i:ly'{ .‘~;_1c">li: alwé.yfs as sgc;ﬁai;‘e’d with a high 1uc-;‘vc~3.]:.'éf:
‘ ‘oeétroc .1.1 (.‘Ji.(,'t’ mou. 4
ini no,iﬁtiéﬁt was chmlge ;Ln 'E,’m, clini'c:'a],t cé:;aditién,
‘Aei"&her impfqve—:«“‘nén‘q 'c:\:r:"‘c'ie_*i:c.i:i:ib%v;ai;iqn; fcs.':efshadowed b}r;',‘ or
.;mi‘rr‘ared. A?i'.‘.‘x".x‘,' '1179.171‘)43;*: s:fjgg‘;.w.ia‘rv].y-‘ <1éixionsﬁ1‘abié alterationmthe o

hormonal environment,

‘Relapse of Bv aa it Gancer afi.e r Response to Adrenalectomy - ‘

| “’Accesqory Adrenorortmal ri“wsue. ,
‘_ :_f. Accésaory clx'anoeort;c al,i»:is;sue-ig kﬁawn' tebq:c:.ir
mman, ;-l:{,ld th‘e ollo\;s;m.ng :sémes of nwc@xéatmns were
.'H,.ca:;.'riecl ou‘a,.i.(;\ dééeﬁnme wlmi.her 3:;@3:@» wéﬁq evidé.ﬁt;g of

xeturnad ae;'ii;cjzilail 'fiin,c't'lo‘nfin pai:iéﬁntb who relapse aftexr /[

A
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’

'J,’afi':e"ggg initial response ’go'ac jfex'a.alectmny; Tn fouy patients
the msta were caryied out on four occa's-ioma, fix;stly while
the c:aﬁcéfr: wa.s in'femi‘smi&n, and secondly duving
m}bsaqﬁem rel_aps.e,. In the fema.ining two women who also
had regression of cancer following adrena].ectomy.- iégts '
were iaerfm‘med only duriﬁg s;*_elapseg ' -Séﬁial estimations
of adrenal 'horm'olné)s and their metabolites in the Lll"ine and
peripheral lalomcliwarke perférmed before, during and after
a period when. cortisone maintenance therapy was st_.opz;-)ed.
Withdrawa.l of m aintenance therapy was necessar_;y in
ordes to a.‘b_blis'h intérference in certain aésais by
metabolites of the exogenous coxrtisone, | and to free any
’reﬂn%a.ining oY accaessory acix;c-anocortical tisgue from its -
aupp:s:‘essipg action. The duration of the period for which
therapy was withheld varied from patient to patient and
de;pended on the appearance of clinical symptoms of
cortisone"lack (anorexi;, vﬁrﬁiting', weakness and hypo-
tension) which necessitated re starting maintenance therapy,
Througl}out the whole period of the study, which usually
lasted a,bo;-;t twelve days, ail urine was col].eci:ecﬁ and the
daily output of total neutral 17 —ozcostéroids, indiyidual

'_17~oxosteroids, oestrogens and pregnanediol measured. /
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¢ F _ REMISSION

e 4
100 BLOOD PRESSURE
BO mm  Hg 60 -1
40 40 -
4
2 TOTAL 17-OXOSTEROIDS 5
mg/24 hrs 04
10 10
05 11-0XY 17-0XOSTEROIDS
0 mg /24 hrs
10 1I-DEOXY 17-OXOSTEROIDS IO_
05 Os-
mg /24 hrs
10 10
5 PLASMA I7-OH CORTICOSTEROIDS o _
0 /100 m 1 0 -
2
PREGNANEDIOL
mg/24 hrs
0 0-
6 6 -
OESTROGENS
jug /24 hrs N
c

Figure 26. Results of Cortisone Withdrawal Tests in six

patients after Adrenalectomy.
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M R — REMISSION MR .RELAPSE

120 -

BLOOD PRESSURE 100 -

TOTAL 17. OXOSTEROIDS

mg /24 hr*
- 10
_05 11-0XY 17-OXOSTEROIDS
0 mg/24 hr»
-10
05 1I-DEOXY 17-OXOSTEROIDS
mg/24 hr*

PLASMA 17-OH CORTICOSTEROIDS

o #2/100 nk

OESTROGENS
ug/24 hr*

Figure 27. Results of Cortisone Withdrawal Tests in six

patients after Adrenalectomy.
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REMISSION M P RELAPSE

S

BLOOD PRESSURE

mm Hg

TOTAL 17-OXOSTEROIDS

mg | 24 hr*

mg/ 24 hrs
II-DEOXY 17-OXOSTEROIDS

mg/24 hrs

PLASMA 17-OH CORTICOSTEROIDS

vg 17100 ml

OESTROGENS
Mg/24 hrs

3 0 days 3

Figure 28. Results of Cortisone Withdrawal Tests in

patients after Adrenalectomy.
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A McA __ REMISSION

y BLOOD PRESSURE
]]1 g

TOTAL 17-OXOSTEROIDS

mg /24 hrs

II OXY 17-OXOSTEROIDS

mg/24 hrs

1I-DEOXY 17-OXOSTEROIDS

mg/24 hrs

PLASMA 17-OH CORTICOSTEROIDS
jig /100 m I

PREGNANEDIOL
mg/24 hrs

OESTROGENS
Mg /24 hrs

Qs S

Figure 29. Results of Cortisone Withdrawal Tests in six

patients after Adrenalectomy.
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JIJ—HLA=
77777777
CORTISORE IVNEN

BLOOD PRESSURE

mm Hg

TOTAL 17-OXOSTEROIDS

mg / 24 hrs

11-0OXY 17-OXOSTEROIDS
mg /24 hrs

I! DEOXY 17-OXOSTEROIDS

mg /24 hrs

PLASMA 17-OH CORTICOSTEROIDS
/jg 1100 ml

PREGNANEDIOL
mg/24 hrs

OESTROGENS
Aigl24 hrs

days

Figure 30. Results of Cortisone Withdrawal Tests

six patients after Adrenalectomy.
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A McM. — RELAPSE
CORJIABPKE

>

BLOOD PRESSURE

mm Hg

TOTAL 17-OXOSTEROIDS

mg / 24 hrs

11-OXY 17-OXOSTEROIDS

mg /24 hrs

1I-DEOXY 17-OXOSTEROIDS

mg [ 24 hrs

PLASMA 17-OH CORTICOSTEROIDS
fjg /100 m1

PREGNANEDIOL

mg/24 hrs

OESTROGENS
Mg/24 hrs

0 days 3 ]2

Figure 31. Results of Cortisone Withdrawal Tests in

six patients after Adrenalectomy.



Numbei of Day.s Patients were
ab;é- ‘to Withstand Deprivation

of Cortisone.

Days off Covtisone

- :Patientﬁ Remission Relapse

Mn P 5% 2%
GuFe L 2h 23
CAdMeA. | 33 | 38

 M.R. 32 3

;’."b'
Efim

A’. IVZCMQ

LS
ajp
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‘/-measureq. G‘n the thi.rd d_?s:}r of cc‘mi‘.isoné withdrawal
pe:eiplmra; hlo'c;sdﬁ “_samg;les were taken befc}rq, aﬁd at ji:wci-a
hcxux'ly j;r.;té::u‘vé.m aftér, the intravenous infusion of 25 units
of cm”tig;qi:xzc_aﬁ'x'in (ACTH) gel in Z,OO ml, 0.9 pé,::;tc:car.gt;_‘..~ saline,.
The con;:eziji:ra,f;ipnl of free pigs;ma 1}‘-I;ydrcﬁgycorticostéréids\
 estimated By a mgﬁiﬁcaﬁmn of the Portex~Silber reaction
_4(1950) by Dx, V.J. O'Donnell of the Department of Pat?zoj},og}{,_ :
Glasgmw Réyal Infirmary, | |
‘L"he results of the steroid estimations performed
“during, the te st‘sv i‘;n individual pati‘éﬁﬁs are shown in
- Figur‘és 26 - 31, In g'ene;r‘al ?:lp.e c}.inic’al effects of stoppix‘ig-- |
. cortisone were not appa;rgem' fc)’:.r 37-72 hours., The time\:
each patient was able to télera‘n_:‘é cortisone lack is show:;w_ in
1‘abie 3‘-8_,‘ Thié iﬁe_rio-d‘ wasg not of longer "du;caf;ipn when . |
there was a _:,tre:._:’ﬁude‘scence of tumouy grcwth.

The pé;t:te?ﬂ of s;eg,{éid e:icretimﬁ followiﬁg cortiéana
withdrawal was 'svi.‘»z}xii.lar ,i.r.} éll case By irz;espective of the
ciiniqal be‘ha,viou:r‘ofﬂthsir cancer, When cortisone was
stopped, “the Q:;qtetibﬁ of total 17-oxosteroids and 1l-oxy
l'?-o%mste:réiés Ln the urine, 'pzfog:’ffesai'ﬂlfely fell, and reached
z_e;é or neax zgrp_‘}}fg{rela by the end of the withdrawal periéd.’

Ne noticeablé difference in the excration patiern of total / -







/no access ory“‘ adr;@n(acc)ﬁic al tissue wag foundy

Cortisone ‘W Lthchvawal '}”‘ i. in Patients who had n0 Respoise

to Adrelnlecmmv.

Ab e'rg_g:',e of j;g‘tg;‘spm}se; ty."{ a:él;;i;e&;sl‘aléctgmfr; which is the
rule in a,bgn_ﬁ:; 70per 'é‘;anﬁ; of é‘aﬁes- g0 treated, woulcl mxggest
éi;the;r tli\.ai;\ i..he gland ha,;;i':}o?: been taté.lljr ;‘r’amoved\é c:rthat |
the tumousr waﬁ alrea&?: j.ndépe;;idenﬁ of hormonal factors

‘for its growth; Iucomplete-surgery, in such a large number

of cases, is highly unlikely, and it is move probable that the

failure of the tumour to regress is due to a different response

© by the tumour to the same type of change of hormonal
© envivonment a5 produces remissions in favourable cases,

Gdr‘t_isgme wiﬁi&lgawixl tests, as prézviousl& aeséribed,

caryried out i%f;\,?hr%éé c.aség whe did not. benefit f;i"omla.clré@;l;
ectomy apﬁie’éx’ t_é"dc‘:épfirm ;;Ixis suggestion, ‘I‘he y:;é‘_éul..ts arve "
shown in-E‘i’gm;'e\s;sZ ~ 34, With ’té:té éxc’éptibn of ;'thé |
3_7—hyd1*000:&*1_:@?%}.@1*01& re sult”lss.} i}l P igu;*e“‘?:‘_'}v (M. M.) thc

changea i,n' the ‘th;!;mone excretion pattern a.’:s:e ’analbgous to

those praduced by cortisone w;.thdrawal in i:he paneni;s who
benefited from adx;_énale‘efomy, The unexpected 1 7-»hydroxy-
: ;carticostermd ekcretion in My M. is me*cphcable in view of

E:

the other :Einc}ings,~ n‘;me of whic':h -indicates‘ the_‘:“{pi:g’sbnce of -

. functioning advenal tissue, /[
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BLOOD PRESSURE

mm Hg

TOTAL 17-OXOSTEROIDS

mg / 24 hrs

11-OXY 17-OXOSTEROIDS

mg /24 hrs

1I-DEOXY 17-OXOSTEROIDS

ng /24 hrs

PLASMA 17-OH CORTICOSTEROIDS
Jjg 1100 m I

PREGNANEDIOL
mg/24 hrs

OESTROGENS
Mg 124 hrs

Figure 32.

O days

RELAPSE

4CTH

3

The Results of Cortisone Withdrawal Tests

carried out in 3 Patients with breast cancer

who had no benefit from adrenalectomy.
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BLOOD PRESSURE

mm Hg

TOTAL 17-OXOSTEROIDS

mg / 24 hrs

11-OXY 17-OXOSTEROIDS

mg /24 hrs
II-DEOXY 17-OXOSTEROIDS

mg /24 hrs

PLASMA 17-OH CORTICOSTEROIDS

jig /7100 m1

OESTROGENS
Nig/24 hrs

I McN — RELAPSE

ATCH

O days 3

Figure 33. The Results of Cortisone Withdrawal Tests

carried out in 3 Patients with breast cancer

who had no benefit from adrenalectomy*
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J McQ — RELAPSE

120 -

BCODOHESSE =

T TZOCHIHT S
' 2ths

IO TZOCHIHR TS
a2t hs

HBESY TZOCIIHITS
12224 hs

/10D ik

ng2 hs

/2t hs
Odss 3

Figure 34* The Results of Cortisone Withdrawal Tests
carried out in 3 Patients with breast cancer

who had no benefit from adrenalectomy.
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99% 90% 90%
Y»3 —9 months Ys —3 months Yu — 2 months
CORTI- CORTI- ~CORTI- - h
SONE SONE o CESTROGfcNS
50 rneg ISO ney

o Ckatriol

Q Oeitrone

B Oatradiol
1I-DEOXY 17-KETOS

0 Aatiochoianolone
B Androsterone
1 A Fraction

11-OXY 17-KETOS.
o 1I-OH Aet & And
Q 11-Kcto-<ct
B 11-Keto-and

TOTAL NEUTRAL

17-KETOSTEROIDS

Figure 36. The effect of withdrawing cortisone maintenance

therapy on total 17-oxosteroid excretion after

pituitary implantation with 90-Y ttrium.
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- Assesn sxneniz Qf ?u,m{:a y Ad‘»en MR um:mc;rt aﬁﬂ,m‘ imnlantation

" of thc, Pjiuli,ary ( _L'md wﬂh 90 Yiwmm. |

,‘.

st

B

n vmw efitliis.: thé."!héie‘éf.'_fi;lﬁeés* c:af, m;i;:ié.ry ste;rpid‘i o

estmmi.lcmfs as a measure oi’ pa.tua.tary cl :"L't‘i;i:icn was
invéfa‘_tig‘ai:ed. Th:.ea was done b'y cletermmmg the urinary
stexoid ‘eiic:‘petidﬁ’ aftf’a,:ti ,90’-_1"‘;{?;&1&;&11‘1' impléifh_t_atmn of the

l‘

; ;\pxtuii,ary in a serics of a’i‘.ienm and carre]a‘ung thm wz.i_}'

>

the {exﬁén’t» Qi .’dg‘st:;fu;é;'t ibj,n Qfg i’;hé 4’ Hypdp}ﬁy'si. & ubsequo ni.ly

\.‘ «

founci at post mortcm h:swlagacal emmmatmn.

’lha mecm va}.ue of total li—emosteroid excretmn /

R
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dmp]an‘twtmn wn,h 90 Yui mm, B

DESTRUGTION _OF _ PITUITARY
100 %% 997 | o5% 907, 80% | 50%
[0 Aetiocholanolone
Androsterone
M 3 Fraction 1
mg per 20
24 hp
15
10
o5 4
(1. N n_ ﬁ
Case Number S3SK S37 S| %3 Ysi5 %4 Yu s 566 YsiO
‘ Weeks Post Op. 7 11 30 I 30-78 2 12-43 8-37 6 10
Figure 38, The "ala.t?.on of- llmdg.o:;y 17 ~O3 oateroid e.{;crciion

to pm.uw,.x“y duﬂrst,rum iy, in t.en. pntle*nts af‘i.c::.' o



ADRENAL WEIGHTS AFTER PITUITARY IMPLANTATION

@ 90-99 %o destruction ® /0090 destruction

r= ~-0.653
p <0.0l
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C J — REMISSION C J — RELAPSE

BLOOD PRESSURE

TOTAL 17-OXOSTEROIDS

mg /24 hry

11-0XY 17-OXOSTEROIDS

mgy24 hr»

1I-DEOXY 17-OXOSTEROIDS

mg /24 hry»

OESTROGENS
yigl24 hr»

day»

Figure 40. Resuits of Cortisone Withdrawal Tests in 4 patients
after pituitary Implantation.
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J K— REMISSION J K — RELAPSE

BLOOD PRESSURE

mm e .

TOTAL 17-OXOSTEROIDS
mg /34 hr»

1I-OXY 17-OXOSTEROIDS
mg/34 hry

1I-DEOXY 17-OXOSTEROIDS
mg /34 hr»

GESTROOENS
yjg/34 hr»

O days 3 0 9 O day» 3

Figure 41. Résulta of Cortisone Withdrawal Tests in 4 patients

after pituitary implantation.
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H H — REMISSION HH — RELAPSE
120 120 -
100 BLOOD PRESSURE 100 -
BO mm Hg 80 -
40 40 -
4 4 -
2 TOTAL 17-OXOSTEROIDS P
0 mg /24 hr* OH
10 10 -

11-0XY 17-OXOSTEROIDS 0s
0 mg; 24 hry» o-
10 10 -
1I-DEOXY 17- OXOSTEROIDS
05 05-
mg /24 hr»

0 0 -
0 0 -
OESTROGENS
3 jug/24 hr» 3 -
0 o-

O doy>

Figure 42. Results of Cortisone Withdrawal Tests in 4 patients

after pituitary implantation.
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mg | 24 hr*
11-OXY 17-OXOSTEROIDS

mg/24 hr*
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mg /24 hry»

OESTROGENS
ug/24 hr»

Figure 43. Résulté of Cortisone Withdrawal

after pituitary implantation.

Teste in 4 patients
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alﬁ:eratmnﬁ- mduceclby ei@do‘cifﬂine a__,blatibﬁsfé‘md into wﬁéther

et

" a 'f‘e,?éiatibhship e:-:éi-ste‘ad} bél:liiveezi these :ﬂzilﬁé;;aﬁiciis and the . [

et

‘subsequent cliriical course of the disease, have been

"It_llas .beékn sl;:té\#ﬁ inlj‘:}iis_ study thatthere isno

.. statistical difference in the preoperative excretion of -

"

- mtal ’a‘éié_\':rﬁg e’r‘; 11 —65&9.;1"? ~0X0 éﬁarqi_ﬂ‘{‘;‘an&f 11 -«deoxy o

.~ 17-oxosteroids between responding and non-responding

_ ' patients, and no. obvious difference in the excretion of any

» ind;_ii"xiduall‘ oestrogen or 17-oxosteroid }ﬁetwégiﬁhi@fftwo

© ... groups, These preoperative estimations are therefore

. _of no value in differéntié_i;ix}g., between patients 1‘ike.];’y_:t6

e bgﬁ\neﬁfit frOmsené{ocring;s:.ﬁ‘rg;eﬂryg ﬁai;c’i tl:ioéie .wlio"‘fiarili‘ﬁot_. /

S [




‘*/:n'ot.; , The re‘sult.\a of th@ c).caqi.:fng“en._-:st\zéié's‘“-‘”ai;i‘ré Afé;'fzti'raz:'i“azlc. _ -

| w:tth the mm essmns formed by‘ Huggm A‘ and Il’.%ao (1954)

e

based onhthe bmassay 'urinary_ .Oestrogens, but‘they do

‘_'}beﬁéﬁt’ it Was‘ 2.-‘121; ’I’heae resul‘i,s are agam in .



N
AN

e e

:«“-féffr“éﬁéi)dlid ‘tm..»subaeque.nt éh&ldﬁ:ri’ne. ablatii?ii, ,-.anc_l \i&eféii;ﬁabléf L

R £ ‘to .provml@ a.ny ralmble mforma.tmn whxch could be of va.lue

m the mle tmn of pa.tmnts hkely tc: benafﬂ. from endocrme

=s’jt.ii?§{5“er.5r‘.f hould .bca noted hewever ’ that the :methods of "

i 'ei;crmmmg' actmcholanalone nsed in the iwo studxes d1f£erec1

Gl éé;i\tials._‘\ >

3.f fsheie Was a

11211(;&11 effeci,w:'nes& c»f treatmenc, 9



[cancer,

e strogens.,

“Alihougli the proportion of patients not'excreting i
- any c_ié,s’i;;:pgen_s‘_pgmta']_éer‘aﬂvaly Wa s very mmi’iar for hoth"

o0 procedures - 3 out of 20:0r 15,0 per.cent. after 1

xadxana‘,’lééfﬁmy, anﬂ:&' :c.n;é ‘f;if 34—"6!’? "14-‘.'.“?' };;él”:;fééht, fafftér,f

pitmta.ry m\plantatmn A the resulw obtamed\ show thai:

adrenalectemy plus aophoracwmy 1;1va,£1'1b1y resulted 1n

éa; p;;fcsa;dzzzméed 'fa.}_.l .i;i")'bestiiqgén a:;cz;éi:i.bh; thdmeaﬁglgvel‘ )

,after oneratmn in eleven case& bemg, mg,mflcantly lower o

3

f‘i ,_(E{Z.O 01) than ba..fc:re “"eatmant. \ ln c:ontra t, Pltmtar'y?..r.*_

B

. ‘\,implamaizmn causec‘i zm mlgmflcam; Chc‘ "3?&, (.{*‘7 0, 8) in' the

ubmii*ted 1:0 sux{v Lc:al hypophysocfmny. Besmte t:ha.s |
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TR

/iwo eperaﬁ;ﬂns i.n a 1&.188 S.,-G"Li.@ﬁ» Qf cases, has been gshown =
to be ve:%:y s;laénila,:i: (_.Foxfrs;e,s'i';: pm,s. _»';mmr.a';); B?JL-cpm Tables
9«11 m cali be sgen that g_gntix;géﬂ excrat(mn in quite é. }).f.gll‘
propafti.o‘n,oii-‘é’z}ié?ya‘ﬁ_;. ai’i;m;t- bo‘i;iaﬂ p:é.cﬁcedum@; 1% the é:-ape;ience
of other wo:;,‘*k@%s‘; but canaﬁalﬁéﬁéie 'é}tudiaa,l before and éfé:ea‘:*
opevation in ihe same patient ar@ 0:{113} available fq:;'
adrenalectomy plus ogpherectdmy (Swyer et'; al., 1961),
These workervrs, i‘mfestigating fi"\«;e castrated women»um}er«-
going adrenalectomy, found a decrease in three, no change
in one, and an increase in one afier surgery, n a further
four cases undergoing combined adrenalectomy plus
Qophox*ectémyh a fall in total oestrogen excretip'n: alwa'ys

occurred,

1'?-03:&)&@:;'01(16.

A‘iniy ta'té.l 'ne'gtral lfltoxqsmroié esth%atiﬁns .
wexre p@:«:fc;rméd on a savies of éaﬁienﬁ:s both b@fare and
after endocrine abla,tiqn; The results obtained hcﬁ:é a
similarity ta_tho:«:e of the comparable oestrogen studies,
the mean eé:.ﬁzration being significantly reduced (P £_0,05)
by aclrez:.a.lect&mv plus 00§h01*ect9;;1'y in twelve patients,
but remaining unéhanged in eigh‘teeh patients afte_r‘

pituitary implantation, A similar effect of adrenalectomy -/







;ta detec aei.wchalanolonc and andrus{;eren» in. 11 tc..n

: .‘paiaenlt; st uw:‘iluc;zd aﬂ:er surélﬂal }AYPQPW‘%C?GMKE;E and ia *’1"“;
‘::31;" of these atﬁdléd while recéwmg CO]‘.‘tl.-::Qnﬁ mami.enanﬂ@,
| - the é.ﬁmdnt’sﬁféi‘g Si?_"l{;‘ilf_’:}‘ tothose fo_u,nd in thethirteen -

-~caa"éf‘s~.t1é;r5§_i‘ib%¢i~ exes 'lhese workex's Cﬁﬁiéﬁgﬁdé‘;é&‘? |

.

“.clehytiroepxandrosterene m any ca,se and ugge sted thai;

. this: m:.eht be a cri’::erian Qf completeneiss' of hypophyaectomy. o

, he extent of radmtmn destrucuon of the pﬁ:uitary achleved

; f: ) {Ia,ter ( ee: pald )

msmnefcancen,amsmgframthetwo
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o / yhat‘r-epori e"c“,'l}f"by '::B{xlbij’dok.et ai..-; (195 8)_ ‘11:1 %.hiéh thdsé |

o "'patiom.s Wlm ke Gponded to ‘”’-ul"glt"dl hypaphyser‘tomy lﬂé

lower po topca:s"xtwe valuea ‘.ha.n thc:cxe pauems who fa.xh,cl

L

to benefzi, and Lhat of Hm:tl:tng ef. al. » (193 7) who fnund tbau -

oestrogenic effcctq didappoared from the vagmal tsmears of

e i;gl;@-, Rat\ig;;z}tiéf ;whcj,’ -respondg d to 'hypo ﬁhyséc_f;mny-. 3

" Attempis to corrclaté the behaviour of the disease
é;;noulﬁtgpf oestrogen excreted after endoerine

- “ablation:lave uot been successful and no sich'simple

s relationship seems to exists | However'the oestrogens

. mieasur c?;clir-iiig”cliifsi study Fepresent only inzé quarter of the .

. tﬂd’i’:é.'i-”.i)fé st¥ogen excreted and antil it is. possible to

220 7 dnvestigate the vole of the other more recently discovered:

snembers of this group of hormones, it can only be.
% eq nicluded that ilie r esponse of the disease after endocrine - -

B

“- ablation.is-uot related to any change in the excretion of . = -

T 117 OXOS?JQI‘OLCI;»-

et

f l’c‘ha.s been show~1 by oandberg, Chang and

| Slaunwhlte (1%7) from stuche.a wmth 14(3-@01'1:1801 that

T : & : :aved :
- 8 mgnifica.m amount of admmmtxtamed cortlsone is.



»' 11 -

-/ aetibcholénémne -wrou'p; w'!ii'ch:aébéuﬁfffbrithe contihued

-e*ccretxon o£ 11 mOxY 17-oxosteroida a:ﬁz:er buth adrenalecwmy

and hypophysectemy. They are of no value ~m,md1caung the S

pasmble pa.rmstence of adrenocartzcal function after either.

operatmn. and it is not surpmsmcf therei‘ore that they ‘bore no -

relatmnslup to the clmical course oi. the dxaeaae.

he 11-deo*cy 17-oxostermds. in females, are

metabolxtes of the adrenal androgens. L\ 4~androstem.

_.-‘__;17 d:.one, and dehydroepiandrosterane. and as such are -

'- unllkely to mr.:luc.e stermds derwed £rom the metabohsm of
-‘\mamtenance cortmom..  Small amount.s of the 11 deoxy

i?«oxostermds are excreted aiter Loth adremlectomy anc}

‘ »'pztmtary m’;plani.atmn. The a:mnuntra are oftén‘ atitheflimim'; ‘:

“of the sensz.tivxty ot the colour :rea.cnon used, ‘and it is
'zquite clear that the pre sence of such small amountsu does
. 'not preclude éﬁéne "it from the apex;a‘tac;n. and that there> is
no correlatmon between clmical responae of pat1ents to B
,‘.pituitary implantation, _and the a.mountg of the se stermds
excreted pasﬁoparaﬁ:wely. RS |
- These conc:lusxéns, coﬁcermngg ;Lhe lack oi any :
' i.O‘correlat;on bef: waeen sterﬁid excretmn am;'i the clmzcal

| ;Qg:ou'rse, .pi.}:‘;reast canqer "'af'texaéndr;)‘c:rinejésurge.xy_;are i
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- as Q;@{‘c{:‘lé};,x '{m e LS no proven source of oee °ogo:o

produrtmn bm..fom po ulbl(} som* es may be con 'idexcd
Mei bo}.: am m mamtenam*c cortisone: No c:onvérsiosij

of ma mtenance c'cr"e:usmz f;e"oa sﬁxjf_)"g;éﬁa has heen demonstrated

in ihm mud"}r V'lrylng tha: corti one dospge and aven with- -

di*alw‘img“ it éQzﬁ';ﬂ etely in patients after 90-Yiseivm

'1,- d,li-h()lluh

pa:.rfoz'mcd 1',;5 :cl.ct' };"110“!_1?, "é_h«:}.i;hi.s‘has: bee.‘n e
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/ efim:t. x-@a&ﬁ?.;;wk REU with i,iwk 9&3'% of tha- m:c:miéa baing ’ﬂm
'admiiﬁsiﬁﬁ:ﬁaé"gwﬁzi?ﬁé:{m. This, how{wéﬁ;r; is mot une:‘zpec:tmi
'siﬁﬁe canvéi}siem o ihﬁ c;:;?tiSQm o ooptriol, ocolrone ox
ég stiééim-&{‘?/{ :%?:éi;iagim‘raive the " vive! renmr}nl of an

| m:ygeu i‘m‘zﬁ;i:idn;ﬁzfm; the 1 I»pusitiem in the steroid sucleus,
a reactma wh‘ic:h _ixaé ne\}ér‘-h;zaaa @mviﬁwl? demonsgtrated,

- 'i‘h# caxavem;iéxi_wi’j émaintenmiée cortisons may otill fake
placy, hwwvw, hwin;;, rise to a gerics of oeptrogens not
x:revioual*g" dwwmmﬁ vi:a. ihase with an 1l-oxygen funcﬁib"-a;'
Tv‘ery recemﬂy the & Hirst runort has haen published of the
Ammmtmn of Uﬂ hyémwmatrone and 134 hydrozyoestradiols N7
from tI{xg&rm“_ix}é of women with‘ breast cancor after the injection

ofl 14{1—-1&%&1&& &cartisone (Ghang and Diao, 1961}, Such
V;A:VC:om;:wunds wz:as:-t‘mns:deramly moxe 3:01{\1" than oeatriol, vcsirons
‘:‘»ami oestmeﬁ ml»l'?,ﬂ and havin markmﬂy diiferenﬁ

methac‘l. A aimilar convaraion, hw;m*w, vcould not be ghown
"aftc,r thea mjc,c oi of 14C-1af;eued cmtanol. anﬂ the overall
""quaxztatative m{;mﬁmame of the tmmxiormatmn 18 not yet lknow Ty
not 18 the’,qg&gﬁf&genie:’;ﬁ? of th_egé iccm,aﬁounds in the tests at
prescnt usvd. . -

e me;y i:ae E;h:it th‘e‘kc;ésbrogem in the urine of patiéﬁi;zs

: after en&aamxw .,ﬂaiatmna ar ﬁcrwud from the diet. /
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: t‘:a,nd éther £ énd ._,m:ﬂfffs may contam a COQ fudo'?:.r;;'b}é aﬁounﬁ; nf

 ~00 si‘irowmﬁo‘Af;:n;e::b*f“ml of unapcuf m»,l‘ '1‘.&4 m*ve (”\‘%15;13@?' ;;d \Jm‘"nlym 2V
;;193.0 V ag uef Q 1';‘ ;s:r.u@u, }:e:v,thé% a;m.d Faview,’ 19.:: ?) aml thei '
;cﬁmem pi“ ' fic | »f_}ﬁ::éaﬁ:‘ingi'c,attjlg wwith - s*yni.l\m‘mc cse-zstrmémm

,1nay ¥as Ulz, in hggxh cmﬂc;e.n‘i‘t*atlmm in {;mne cms c:tf meaﬁ‘,

hl

‘"Racem%y 2 fllduﬂl'l (3 95.8) ~_ha,s :;éepm“;ec} ;f;lm'i; a.fz;m?mal ,I.;tq;iz‘pita.}. o

P s
P

o éiéi{;‘gnﬂ'xe Ummd S‘a‘: 'Lc,s Lontam@d abms.i 2% )153 of ma :;w::a@,_,

'{"at:;b}&tiza_im&;; - Al haumﬁ asynﬂaeucv oentiray u:i.,:ia ~c5.1;si;,ss§.c'§i§"ji:h.e

E:‘n:OpeM ﬁi H & g:’pres‘ewﬁ zst*udy -i:he pqs’s.i}:;;lii:y f:)i’ ,r-sqﬁaé of_ﬂm

ezmg\. nmm :matm" ial bmng; si"o‘mid m@st'z'mfen deb@ﬁ!iﬁhlﬂ bsr

(‘

" 'B:mvvzi_?s‘s :ngmﬂw& wa.b '-no’i:" discounted, Th«:-i 't!esixilt,q iil_i:e;rs:,*md

L ef @};cwumon of oe si':e'ial’,ﬂ oesirone s,m;_i'ld oes as:hcﬂ-l‘?ﬁ ch

- mainta ining five 'ati:t‘ena,lam,ﬂmz ped --h:y gmph'yd t.cwmx.sed

GO women on a i'sure:cly uyﬂthei,.ic chet in ﬂn " smdy;s_;wa"&é that in

only two cases did the oestrogen exeretion fall to zero levels,

+ In the other three cases being unaifécied or even increased,

- On'this lndited evicié'nc:e, :'u"i Lc':anbimi-m b.pncmde;p h;'—.if‘

estogehous estrogen is mi’: an 1mpar tant ,m.c*toz,’ in the

.Q,ési‘:z‘:m;:ﬁe:a,c::s‘mi?ai:‘io:n after .enclmmﬂine' a;blat;‘mn. ,

}ZL }m,, ‘beon pugge mei% on many cwc:'c.axsjianﬁ that

uccasso 'y adyeﬁm,amical ﬁiasue may e -




“fa 1a‘§,t, capa a}lc,’csi.‘ sf,s.mici sagnevan, meC"U L‘dre-l leciomy‘.

"C?c-zstfcgen G-K"C:i,’ icm dw'iup c:t:ilj\fiﬁifizze‘Withc&a%veal"in},ad«réi’ialegju,} e

- tomised pa,tieni;s‘;_”'-.*:.ciweve:f‘,i does n :*.p s:*cm m:m lo e,l’m pa iy s I

which would be expected. inthe _pi"g‘é sence of ftmctiomxig' e

1

adienocortical rests,

l

; ﬁi‘hg;pﬁ'b Lb;hty of Lhee b‘rm : 1“}01"1: i’L elf secreting

oestrogén was piopo*‘sec’ibyﬁamel(iﬂﬁ?) whegx} uaing Brown!s .
method, he \#éié‘xiﬂablé) tc,i_ c:i‘_{ﬁzi;éi:é )-azign‘iﬁc‘am;f aiﬁoﬁhﬁf&; pf. .

oes 1or:cn :m % he« u't.“"*ne Qf ten Qat Lenih. wli’b hypopituuarism

l;mi, 1o brea t c'ancm' 'Ei{plggic‘a},}.y‘acﬁi._ve...cmgitragens have
i been i‘sélaiiédffrqm bra'a_r:‘s'ii ;f:}éa'."nc;jc-;r’ i:i(f—ssue ;- bui;‘this'dc')esﬂnoi_;,

: neéess;a,:%ji.l"; i__ piy i.hel fomm&tlou by Lhai, u.rs ue, ainc’é*éhe‘ :

"uptalw of "eadmaci,vﬁre meutroma by :ma.mmary cance:c w

. gveater lhan mhm by normal us._me (Lewwcm, Law, Jones,
Jones anﬁ Eﬁilbe:r;‘ stein, ‘195.1); fWﬁ:z"e the 'i;lie:rr;.dul_‘ the source

of the oestvogens in the uride of patients with breast cancer,

their levels should decrease during regression of the cancer
and increase when the tumour later 'becbmees activa again‘.
‘The re siﬂ{é;;s;{j’ém‘:' i:llca 1dng' t"erm s uci ias (H 15:,u., ...s 21 - ?5) .)hcew

' 'Lhai. 'i,lus pa.m,orn i nm cc::m mrml"y' mund \f.{'i: ;s‘ c{iffi(:ulti:_p;(

believe if“éﬂ ?-"f_Ai‘el&a’izi'v&;y'\uhdif\feaﬁemiated?ti’Ssue, ‘_suc“:h' asa’

rapzdly grawma .b't* awt ‘i:umeux shmﬂd bcz capable r;a:E the /



‘_x»Cortisone Wxthdrawal ’T‘est nsed in theae cmcumstancesz '

S f»:has been descmbed (9.83%)‘-

“/the complicated processes of steroid hormone synthesis
- and ‘secrétions

-

The: mechaniom of the re ﬂ'pvnséfﬁb adrenalectomy

~;,fa:m:1 omphmroctomy, shown by s p'xtmnts wi‘i,h brcast

K
¢ y M

. cancer is obscure, although it is. reauopable tc: asaume thats‘ J

.endacmne aurgery deprwczs tha 'tx.:maur cells Qf a hormonal |

'. l" B

facto:r: @.sso .41 for: actwe grawfh. In thc same way,

. 4

it has frequc,ntly baon augge mted ihat evontual re]apae may

By : N L Do
s . . N

be ~‘due to‘the de\rﬁela _;neni:noffasn acqa‘s,‘sor‘ Saurce" of

- adrenal-ovarian hormiones,. which restore optimum’

c:onciitibmsﬁ fér ’tumt;ﬁir-‘-: pfi‘ﬁli_-feraitioﬂ; . \&‘auchi alcc e s'é’ory R

- adrenmaortlca] tassue 15 knavm tcy Qccur m man ((ara,ham,

N

: .{:1953 Ialls, 1955) The results have hepn descmbed of . S

»“W‘

a serws ::nf 1nvest1gatmns canducted to detcrmme wh.ether T
L i'-".thexfél_was,"eVidéﬁQe Of frgt;'urnéci adr_e.‘n‘al_ 'funﬁ:i;iqn iz;j};iatients

o

‘rc:lapsmg aﬁter 1m’c1a1 regressmn, or of contmumg adronal

-functwn in patlent&s Who dc-rwed rm beneﬁt from operamony R

‘ An;acburaﬁe ";a, g ge,s ‘sm‘e’ xit!_.c}f: ‘1_' e_daid\iald adr eno"g'-,-. o

‘ '_'_cortical :Eunctlml aft er.adrsnalecmmy ca.n only be :ma.da

‘ ,;‘jf.whan the mtake af m'unten'mce eort:sone is stoppcd, " The
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‘ a«ir na.l tx.,.,sun xml}. be x’ole &ed_ frcsm the :mppr saing acti

y.:

- ‘ Ivic(:rai.h, 1 %

Ot

,Obﬂ&x’va;.mn {,lm adrmna]ocmmiseé pati@:xitéi";tmh:ﬁﬁ;{ler‘aﬁg-i,'

' cm*t'a 5301‘1(3 1ack :f 0% vamable 5;)(3,!. mds rang:.ng irom iw:: to
.i'vfwe da,ya agreos wr&h,.i? At Df Llpsett ‘f ::ast '\fiaclean and

Pﬁarscn (195’?) and Emke, Dune:v' " Fran%.smn, Lzl;ed:zh‘

»ami Perncw (1960), Relapse Qf c.ancer Was no»t assocmmd Lo

_: -ijth p.l. alomfat:mz Qf th\,. ume pa.uems cmzlcl w:thstnnd

withdrawa} m mazmmmnce ih.erapy, :nc)'r war fallure t(; e
‘ ﬁahaw any ben@fit f:a:o.m emmcmne rmrcre:ry, The pattern

N

- of stermd ezhcrm’twn durma the wnhdrawal pczrmcl waa

_‘-a’;}ﬁio 6@1@51531:@111; W:‘_Li:h- an’ éxﬁsgn&:ﬁc‘g Qfxfunﬁtid_x;ihg a_dremj-'_ -

. cortical tissue.

These findings, in patiénte Who had no benefit

and inthose whoseé cancer was progressing again after / .
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Qb‘b&lﬂﬁd whevz ch» i.ummw lmd z'ecrre”see:} '!,ncl 111(511;3&‘{,@

il%za,'i; i;}a,e;m;faéog:@}‘zpble CDL\E‘RQB of 'é;??;:n,a d_i,@ea{sae ,a’i&:‘a' not - .

,a,'z ’mcm,i.a*% w:ﬁ:h bh@ devempmem Qf au.nc:ci.aning wcizefmm‘y- T

N

adxe nmmﬁ:’ i.éal’ ‘E;?isj;l gue:

AL pr ,,mri: an acuwate asse fsm‘ncm of: e.he compleie-f

ness of hypc}physuci.omy f'esulruw f“"ﬂ:m axj‘:iégé:;”ycmlfiioin

wadioactivé"éﬁm'plas_,ﬁ:atiﬁzinre Lhﬂ pli't.lli‘"ﬂ“y o!,and m pauem..,

w’vith bre aﬂi ca.m::cm i a:'m iny bb made by po..xt-—mm:-uem

o*mmumﬁ;m 1 c}f Lhe cc:sntc"ﬁ.a o{ the seﬂa m cicéé'.a

(Ion&:equei:&lﬁfsame metlmg‘x inesi:ima:ﬁing; during the

‘postoperative period, the dégree of destruction achieved,

would be of conziderable value in planning further ‘ﬁzj‘{éat-

ments |

- The response of the cancer, -although in some

cases c:a_bviqus andfdrzé.éxiatiai flm’s bémiﬁhmvn i';o .b’;éar‘: no
i‘clatmn Lo tlm cand1tmn ef the gland aa aaen at aumpgy, «.

80 c»ther pm‘a.meters smch af f:he. persmf:ence of

. me*zsurable a.mmun‘ta QE pltmtauy hOS:‘mQ:S’IC and:'(}f i:hgi%'

pa,tuitary ca:xdati mned functmns of periphmwl endec*r:me o

- } =

- glands have bc;e*: studzod _”_.['.}m) mﬁasu:tfe;mem m:j‘-, Qha;jzges .

An exc_i;%etit;:xibf éi‘ii_te'r idx"-f"pitu_i.ﬁéry ‘Thormones after.. /




/ after opméation, the most. dwect and potentially most R
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- ;:,.gag‘igfagmyy: pajjam‘ete:r '.;iS‘f“:it; ‘pr‘t‘a‘s ent -1imi;te€1 to #ga‘nadoe :

L krOth-‘esumanoma, ’thc o y;r nemher of the graup- fOI‘“;{‘ o

- aflsfaci,ory assay precedure 18 at present

. available

C ':’l‘»Although changes m adrenal iunctlon can be

| f;i'fdetermmed bv* satmfactory analytmal Pl‘chd“resf the 3‘:1 |

i ~f:_’re sults: thamed must be interPreted With ca.utlon in terms

. ""”:"”‘f’;of alt erai:wns :m pituita.ry functi:an, esPecially i:n the very'

\pzstlent, u:.nce wideapread malwnant dlsﬁase may

';;-;gi‘_mmame" ‘si.u,ch chang‘f’é.s;_ .
. Heg.ving xegard to these 11m1tations, the levels of
‘;vég,excvetian of several diiferent umnarv steroids of adrendl

: Ti;’“érigi_zi ‘aﬁ;e"r -'r’aciioactive )implam;ation of the pituitar)'r"rwere

; ‘"('f('()n'}.pa red w:fh the c..egree of destructmn Qf the gland a.s

,gg;;;d_atg‘) aubsé,qlué?xt;pqstm@rie’m, » The results cbtained

shﬂw ng"E;‘Zé':;}frelaf\:io‘n":whiéh would permﬁ: deduction as 'tcrg. o
o the degree cnf destructmn of the gland from the IGVEIB Qf

““fexcxenon of either total 17 oxasteroids llwdecxy

e .1.-7’i’<33§0‘5te1‘bid‘s "cir OestrogénS._ 111 6Qme cases apprec:.able ]

_‘ ﬁ_ffexc:r:etmn coemsts wﬁ:h hiatolog:.cally camplete de st::;:wci,n:xzn.f;w o

’I‘wa-:-pomts must be bcrne in. mind however when /
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/ when i;.rat'efpreting the s_é -x-"'esults;.

Fifétly; it may be i‘:hslxt after xadioac"fi-ve implantation,
a pituitary with up tg ten to fifteel;x per c:enf. of the cells
still histologica'll& demonstrable, may be, in terms of funci‘.ion{
1”10 differéhi; f;"co;n a corapletely de'sﬁroyed ‘g:i%'a.}ndj in view of the
intense irrad,iatiqn absorbed by the residual fis sue,
Consequentiy it may not be just’iiiable to expect to find |
significant di_fferé:tic_es in adrenal function in patients with
more than eighty-five per cent, destruétion of the pituitary |
. -aé ciemonstrai:éd hia;tologica;i}ly.

Secondly, the time elg.psling} betwe.en the operation
and the determination of adre;lal activity shogld be
considered, T}_;is is obviously of importan&e in some of
the mﬁ_ltipie estifnations in the sa;;ie patient.and the only
significant correlation shown in the study waé; that i?étween
'tvhe adrenal weighﬁ at death and the ti?ne elapsing bétween
| the pituitary implantation and death, ‘This confirms that
ad:penal atro.pily after pituitaf; degtructi__on is a slow
pr"'oc'éss, ai_Zter an initial sharp decrease tq lowered levels.'
All the hypophyaélgtomised patients in the: éx%iesexxt study
could "withstapd fi\lr_ve,‘dgys w1thout maintenance therapy.

Adrenal function is:.obviously hot so intimately depend;fnt /
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h&ryngcal

pxmiw:ﬁ: a.ftewr da‘mmge Lc:, o destructmn m‘
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'suhmtztutmn'i:hevap‘y for eig:rht wce.lua ai‘mz‘ hY?GPth’MmmY'

aftm; whmh acirca

na]._ _hq:;'mcme :se:‘c,_: x@tim _:i.?éve:;_"i':‘eé{ t;c:., norfma,l.r‘ b

“Ajj.siii&::ila‘i?; }pmt "ve ha,r b?en r@pm tul :ifm* p:.i.un.ary Lransplan ofe

& m mmé (revlew ﬁwnelsc.,ht:)w.aky and Hm xzing:r, 195 8) whmh are

‘th(mght ‘LQ s:ec*.zzme cxcluswal}r @rala.mm ancl ACTH. I The L
~re'mli,,.; c:)f ihe Qortlsmne W iihdrawal Tesi.s carrmd out in f

: éthié ‘;ai::;is;ly a;r e at ;yayz“i;faﬁnce x}giit\h;_the"se re 'part,s._. ~am:1‘ ‘inr nf.)q

B cabe can i{éﬁq‘tjiy%ition of the élisgga,seJ:a@f:-faf';ac:r;ibé& *i:c'g a

: emmtm.lma. n£ the preapm*ath h.m*mmm] s'é,atus, Uﬂlikc

Mﬁller‘s c:a fga‘s‘,“:)}i{)wé\(&gx, t:’c:{;fiii_sorig»111_ai_ii§:c;ma;icqtherapjf« R

wa.s ;;;;s;ii.‘tﬁtéajg mynediately-afier implantation and maintained.

ST T throughout the postoperative. period,
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%’; h&mass :in Lim .anm onal @mizmmnent induced by

~ erzdamﬂme ab'im,:s.m‘l m we*m:ﬁ wiah mma%ﬁw br ast c‘a.ncc,

havc. bmnﬂ ﬂéfﬁ"i@%ﬂf\?j?{"_‘#} i}‘;’ﬁ;ﬁ;‘:&&i‘@d Wi’i:h the clis;;ici'alé‘:‘aur‘sa ofi
| the dicease.
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