CHAPTER -~ II1
SERUM STEROID HORMONE PROFILE IN FPRE-MENOPAUSAL BREAST
CANCER PATIENTS.

INTRODUCTION

ficance
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In the previous Chapter, we have described the sign
of estrogen- and progesterone-receptors in  pre-menopausal
breast carcinoma patients which were also coxrelated with
other important prognosticators. Dwing to the importancs of
the receptoyr determinaticns for the management of individual
breast cancer patients, detailed knowledge is naaded

concerning the factors affecting reseptor levels that are

measured in tumcr cytosol. A number of hormonal factors can

influence the receptor concentration in th

yut

tumcr eytosol

]

(Longacre and Bartow, 18986). Morsover, it is well known that
the existence of harmonious ovarian cyele functicn  ensures
pexrfect Mammary developmant. Several physiclcgical
conditions and external factors that oould influence
hormones and their possible relation to the develocpment of

breast cancer are wort

»

» considering. The role of hormonal
imbalance as risk factors for human breast cancer is  =till
controversial. Key and Pike (1888) esxcellently reviewsd the
role of estradicl and progestearcone in the epidemiclogy  and

.

prevention of breast carcinoma.
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In our earlier publication, we have dascribed profile of
peptide and ste;oid horpones in pra- and post-mencpausal
breast carcinoma patients and concludsed that high levels of
prolactin and altered ratic of androgen @ sstrogen possibly
plays a major role in the development of brsaszt carcinoma
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(Bhatavdekar et a1, 1887). Th

ffects tobtoxic drugs on endocrine
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exploring the

i

function in lbreast zancer patients (Jordan =t al, 1887).

[» 8

Several studiss have indicated that cytotoxic chemotherapy
results in amencrrhea, sscondary to primary ovarian failure

in pre-mencpausal patients (Dnistrian =t 21, 1883, 1885

~ e

Manni, 1887 ; Becreto st al , 1889).

In the present ztudy, we have astimated ciroulating levels
of estradiol, progestercne, testostarons and its major

precurscor androstensdions in pre-mencpausal breast carcinoma
patients taking stage, nodal status, histologic grade and

disesase ooursese into consideration. Morecover, we alszso  have

!

investigated the =ndccrine conssquences of cheme- and/or

endocrins tharapy in thase patients. Furthermore,
I . M . »

circulating estradicl levelz were correlated with estrogen

receptor contsent.
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STUDY DESIGN

The prea-mencpausal breast earcinoma patients (N=111) and age
matched Thealthy controls (N=38)} were randcocmly sslectsd for

the study. The elinical data was as described in  the

previcus Chapter.

(S

The accurats detaills of the menstrual owvels langth n

breast cancer patisnts could not be procursed and  hence,

phase of the manstrual oyels was noct conzidersed at th time

a1

of hormone estimation.

PATIENT SAMPLING

In a serial £x1low-up programme executed at  Endoerinclogy
Divisicn, venous blood samples were collected in the morning
betwean 8.6 - 11.68 AM pretherapesutically to obtain base line
level of individual pateints and at intervals of svery 3-6
months for stage Il and at monthly/bimconthly intervals for
advanced patiants. Thesa hormones WEEE estimated
sequentially to investigate :@ (1} whetlér thass horpones oan

P

be used as diseass monitor and {(2) to chserve the ndocrine

[a
1]

consequences of combination therapy. Barum  was  separatsad
within 2  thours, aliguoted and pressrved at -T@o C till
analysis. The assays of stercid hormonezs were performed
within 1 month. Studies ware performed retrospectively using

frozen sera.



PATHOLOGIC 3TAGING

Pathologic staging (UICC, 1888) system waz employaed in  the
present study. Histologie grading was dons according to
Bloom and Richardson (1857} and expressed on a scale of I-
well differentiated, II- moderately differentiated, II1I-

poorly differentiated.

THERAPY :

The primary treatment offered to the patientz was surgery
simple extended mastectomy, radical mastectomy (SEM, RM)
followaed by radiotherapy (RT) to control looal diseass. The
adjuvant chemotherapy {H§=22) comprised of CME
(cyeclophosphamids, methotrexats and E-fluocrouracil). The
hormonal manipulations (Nz=8) included bilateral cophorectomy
and/or Tamoxifen (THX). The chemchormonal  therapy  (N=11)
introduced wasz CHMF followed by THMY and/or bilateral
oophorectony. The treatment schedules weres inpplamented by
Medical Oncology units of the Instituts. The CHMF regimen
was oyolophosphamide, 100 mg/sqm ocrally, days 1 o 14;
methotrexate, 48 mg/sam and E-flucrocuracil, 6688 mg/sam
intravenously, days 1 and 8. An identical coycols of
chemotherapy was repoated every two wasls subsequantly. Drug
doses were mpodified acecording to toxic side 2ffects. The
dose of THX was 108 mg, twice daily. The second line

chemotherapy given was MMC-18 mg/saqm, VLE-18 mg/sam and
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adriamycin-~-48 mg/sqm either singly or in ocombination with
Tamoxifen.

STEROID HORMONE ASSAYS

Serum estradicl (E }, progesterone (Pg) , testosterons (T)
2
and androstensdione {(Andro. ) WEE astimated using

commercially availabls RIA (Radiocimmuncassay) kits procured
from Diagnostic FProducts Corporation, Los Angeles, US4,
according to  ths manufacturer’s instructions. All the
estimations ware performed in duplicate with an intraassay
and an interassay coefficient of variation {(CV) of 3% to 5%
and &% +to B% respectively alongwith internal gquality
controls. The zsnsitivity of the assays were @ 8 pg/ml  for
E2 , @.85 ng/ml for Pg, @8.11 ng/ml for T and 6. .82 ng/ml for

Andro. The normal range of these steroid hormones  for

]
1

premenopausal controls waszs @ 18 - 3EE.E peg/ml —E9, [
25.0 ng/ml - Pe, ©.15 - 1.1 ng/wl T and .8 - 4.0 ng/ml -
Andro.

ASSESSMENT OF DISEASE ACTIVITY :

During the follow-up périad, the assessmant of dissase
activity was carried ocsut from tims to time using standard
criteria (Hayward =t al, 1977). The patients treatsed with
surgery wers immediately followsd by combination therapy angd
henc= the pretherapsutic levals of thess hormones were

compared to those after therapy. The asssessment was carried
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out after a minimun of twe cheamothesrapy coycles oy a mpinimum

Yo
[
s

of two months of TMY. Depending on their u mate outcone,
the patients were grouped into (I} ths patients who
developed recurrent disease and (II) patientz who  rasponded

to various therapeutic modalities at the snd of twoe years.

I Patients who developed racurrent dissass (N=z31)

The stercid hormone levaels at diagnosis amongst patients who
developed recurrent Jdisease weres comparsd to @ (1)  the
levels of preceding blocd samples (termed as  “before

s

progression’ ) and (i1i) the lavels at re

0]
)
o]
by
g;
3
m

{termed as

“at progression’ ).

II Patients who responded to various therapsutioc modalities
(N=21):
Similarly, the pre-therapsutic stercid hormone levels

amongst respondsers were ocompared to the lavels at  last
follow-up when the dissase was in remissicn at the end of
two years.

CORRELATION OF ESTRADIOL WITH ESTROGEH RECEPTOR:
Prethsrapeutic B levels of patients were grouped into
(1) « 1p@ pg/ml? (ii) 198-288 pe/ml and (iii) » 200 pg/ml
and were compared with estrogen receptor concentration with
simultanecus consideration of stage amongst patients with

+
ER tumors.
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STATISTICAL ANALYSIS:
The differvences in stercid hormones were analyzed to obtain

statistical significance using (i)Y X - analysis and {ii)

ju
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an exact contingency table for order data and
sided exact test {(Mehta and Patel, 1983). P valuves less than

B.05 were considered to be significant.

RESULTS

STEROID HORMONES IN PREMENOPAUSAL BREAST CARCINOMA PATIENTS:
Circulating stercid hormone levels in brasast cancsr patients
wers compared with controls. EZ was significantly reduced (P
< @.81)Y and Pg was significantly slevated (F ¢ £.05) in
breast cancer patisnts, while cireculating T and Andro.
showed a statistically non-significant decline in patients
as comparead to controls. Morsovar, a statiztically
significant incresased Andro.:E ratic was obsarved amongst

breast cancer patients in compariscon to controls (Table - 1),

Furthermors, 45/111 {46, 5%} ratisnts demonstratsd
circulating stercids within normal limits and 68/111 (59.4%)
patients exhibited abnormal stercid levels. In patients

noted with abnormal circulating =stercids, 487668 (60.6%)
expressed abnormality of any ons of them while 17/66
(25.7%), 8/66 {(12.1%) and 1/66 (1.5%; patients indicated
abnormality of two, thres and four cireculating sterocids

respectively.
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STEROID HORMOMES IN BELATION TO STAGE:

A statistically non-significant trend of decrease in
circenlating steroids except Aandro. was observed as stage
advanced (stage II +o IV). Un the contrary, pg amongst
patients entered at relapse showed elevated levels as
compared . to stage II (Table - Z2). The difference however,
was statistically non~significant (i.e. pretherapeuntic -

stage II, III and IV vg patients entered at relapse).

The abnormality of ciroalating steroids was uniformly
distributed amongst all stages of breast caancery patients.

Amongst stage II, 12/27 {44.4%) patients demonstrated normal

i

steroid levels while 15/27 (55.5%) patient: exhibited
abnormal circulaiing steroids. 18/15 (868.8%), 3/15 (20.0%)
and Z/15 (13.3%) patbtients displayed abnormality of any one,

two or three cironlating steroids respectively.

Amidet stage IIL. Z1/57 (38.8%) and 3B8/57 (63.1%) patients
indicated normal and aboormal circulating steroids
respectively and 2ZE/38 (81.1%), 11/38 (3@.5%)y, 3/38 (B8.3%)
ratients had ancmalous levels of one, two or three steriods

respectively.

8/16 (37.5%) and 18/186 (62.5%) stage IV patients presented
normal and abnormal clirculating stercids respectively. £/18

(62.0%), 1/10 (18.9%), 2718 (28.8% and 1/18 (18.6%)



patients substantiated abnormal levels of any one, two,
three or all four stericds respsctively.

STERIOD HORMONES IH RELATION TO NODAL STATUS:

A statistically non-significant trend of decreased B and
Pz and increased T and Andro. was observed ammngstz node

positive patients in comparison to node negative patients

(Table - 3).

b/11 {45 .4%} node negative and 35/89 (36.3%) node positive
patients demonstrated normal steriods ocontrary to £6/11
{b4 . 5%} node negative and 54/88 (68.6%) node positive
patients who exhibited abnormpal stericd levels. These
differences did not attain statistical szignificance.

STERIOD HORMONES IN RELATIOHN TO HISYOLOGICAL GRADE:
Circulating E and Pg levels did not show significant change
ampongst patiints with hiszstological grade 111 tumeors as
compared to patients with histological grade 1 tumcrs. On
the other hand, T and Andro. sxbibited an inecrease for
similay comparisons. The increase in T was statistically
significant (P ¢ @.85) while ths increass of Andro. amongst
patients with HGE II1 tumocrs was non~significant in
comparison to patients with HE I tumors (Table - 4).

STERIOD HORMONES IN RELATION TO DISEASE STATUS:

Pretherapeutic circulating Pg and T were slevated while

circulating E and Andro. levels wsre decreassd amongst
L]
&
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responders as compared  to the patients  who devaloped

recurrence. The differsnces however, were statistically

o

).

insignificant (Table -

. )

Moreover, at diagnozis T/31 (82.5% patients exhibited
normal and 24731 (77.4%) patients evidenced abnormal
clreculating stericds amongst those whe developed recurrence
as opposed to §/21 (42.8%) patients whe damonstrated normal
and 12/21 (BY.1%) patients who showsd abnormal circulating
steriocds amidst responders. These differsnces howaver, could

3

not attain significance.

Amidst patients who developsed recuryence, a statistieally

significant decline in E and Pg and a non-significant

2

decline of Andro. was obsasrved at progressicn while T levels
showed a non-significant increase. On the other hand, a

significant decline in B , a non~-significant decreasese in Pg
2

L

and T and a non-significant elevaticon of Andro. was

3
=

demonstrated amongst responders at the eaend of ¥Eears
(Table - 5). From ocur sequentizl data,it iz clear that thease
hormones can not be used as dissase monitor (Figs. 1-5).
CHANGES IN STEROID HORMONE PROFILE AFTER THERAPY:

Menstrual function:

In +the pressnt study, we have performed estimaticns of B

N

Peg, T, Andro, PRL, FS8H and LH to obtain a hormonal profile.
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It was observed +that at diagnosis, oanly 8/111 (7.2%)
premenopansal breast carcinoms patients exhibited all  these
hormones within wormal liwits thereby indicating normal
ovarian Tunction. Out of 8 patients b had stage II and 3
had stage III disease. The abnormal levels observed in  the
remaining patients Way be due o observed
hyperpfolactinaemia { » 3¢0.8 ng/ul; Chapter III} in 46/111
(41.4%) as well 25 it may be duoe to the fact that 70% of the
patients had advanced breast carcinowma.

PATIENTS TREATED ONLY WITH CHEMOTHERAFPY:

Chemotherapy consequenced into reduction in E , Pg, T and
Andro.. The lowering of E only shown to be statisticall

2
significant while +the decline of Pg, T and Andro. sfter

=<

chemotherary was statistically non-significant (Table - 8).
The majority of patients developed amenorrhes within 4-86
months (Figs 1 to 4).

PATIENTS TREATED WITH ENDOCRINE MANIPULATION:

Endocrine manipalation resulied into & reduction in E , Pg,

o
&

T and Andro. levels after treatuwent as compared to

pretherapentic levels. The decline of only T was

statistically significant and the reductions in E , Pg and
-

Andro. were statistically non-significant (Table - 6: Fig b).

PATIENTS TREATED WITH CHEMOENDOCRINE THERAPY:

The low E levels +towards +the lower normal limit at

Z
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diagnosis itzelf might be due to ovarian failure which
might have resulted from the advanced stages of the diseass.
Therefore, it may be possible that a further decrease in E
levels after treatment was not observed, so the patient
treated with chemoendocrine therapy did not exhibit  any
change in sernm E levels conbrary +o +the chemotherapy
2

alone. A dscline in Pg and T levels resulted intoc similar
decline as that of CHF and sndocrine  therapy aloas. In
contrast to chsmo- and endocrine  therapy, the combined
therapy consequenced into an increase in Andro.  levels
(Table -8). None of the differsnces of circulating stericds
amongst patients treated with chemecendoorine therapy were
statistically significant (Fig 1).

TYPE OF THERAPY IN RELATION T{ RELAPSE FREE SURVIVAL:

The relapse free survival of patients who developed
recuryrence was noted and it was cobssrved that though

statistically non-significant, the remizsions obtained with

M

endocrine manipulations resulted into longesr relapsse free
survival. The shortest relapse frees survival was obtained
with @hemoendacrine therapy {Tablse - 7). Significant
differsnrce was not obssrved in the relapse free survival as
majority of our patients had advanced disease.

CORRELATION OF SERUM ESTRADIOL AND ESTROGEN RECEPTORS:

We have cobserved significantly high E leavels with low ER
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values. However, +h difference W tatistically

oy
in
in

non-significant. On the other hand, no sach trend was
observed in advanced stage of breast cancer. Only /111 of
our patients had elevated E (more than 355.0 pg/wml) while

2
none of our patients had elevated Pg (Table - 8; Figs. B-7).

DISCUSSION

A number of epidemiologic and endoecrinclogic investigations
have suggested an association betwsen hormonses and breast
cancsr. However, to date no single finding indicates that an
endocrinse abnomality in  terms of hormons  production or
metabolism i3 the cause or is related to the growth of

breast cancer (Bhatavdekar st al, 1887). The present study,

1=
A

found a szignificant reducticn in nd no change in T and

2
Andro. while Pg showed & significant increase in  breast
cancey patients when compared with controls. These patients
were divided into two groups: (1) stage II patients and (2)
advanced breast cancer pabtients. In stage II paltien E was

low, no gsignificant change in T and Andro. and slightly high

levels of Pg were observed when compared with controls. In

advanced stages, there were low levels of E and T with no
2
remarkable change in Pg and Andro.. However, there are

controversies vregarding +the levels of these hormones in

breast cancer (England et al, 1974; Halarkey et al, 1877;
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Bherman et al, 1879; Drafta et zl, 198#; Moore et al, 188Z;
Bruning et al, 1985; Siiteri et al, 188868; Meyer et al,

19868). Meore et al (1882) and Bruning et al (1985) have

affirmed +that there is an increase in bip-available E
z
(free E + Albumin bound E ) in  breast cancer patieants.

]

~,
&a

Majority of these stundies ¢

4

0

a

arried ount in western counbries

were on early breast cancers and without considering the

menopausal status, while in the present stndy, 84/111

(75.8%) patients had sdvanced breast cancer. Horeover, the

ratio between Andro:r E was significantly higher in  breast
2

cancey patiesnts when compared with controls. This clearly

suggested an imbalance betwesn androgen and estrogen. (van

Landegham et al, 1885; Xey and Pike, 1888, SBecrsto =t al,

1889).

S

The present study showed a non-significant deecline in
steriod hormones =sxcept Andro. as stags advanced, which was
in sharp contrast to prolactin (Chapter II11Y. Breast tumors

are hetercgencus and at an advanced stage they =3cape

[w)
o
5]
o
S
1]

hormonal contrel. We als obassyrved high levels of
prolactin and sepidermal growth factor recepbtors (EGF-R)
(unpublished data) with significantly low ooncentraticns of
ER and PR in advanced breast cancer. Therefores, from our
unpublished data, it appears that high levals of prolactin
and EGF-R with increased ratic of Andro:E might have a

2

cumilative effect on tunmor agegressiveness.
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We know that high nodal positivity and poor differentiation
of the tumor is a sign of poor prognosis. We have observed
low levels of E and significantly high levels of T and
2
Andro. in node positive and pocrly differentiated tumcrs as

comparad to node negative and grade 1 histology respectively

{(statistically non-zignificant).

It was observed that chemotherapy resulted inbo diminished
circulating E and Pg levels. Theses resulis correoborates with
2
other studies (Rose and Davis, 1977; Dnistrian st al, 1985;
Jordan et zl, 1887; Padmanabhan =t al, 1887) and confirms
that the administation of oytotoxio drugs may result in
primary ovarian failure in pre-menopausal bhreast cancer
patients. Ovarian failure was documentsd by a2 decrease in

the estradicl :gonadotropin ratiso {(Chapter IV}, resulting in

hormonal profiles characteristic of women aftsr natural

menopause. It iz also known that the ovarian failure
induced by chemotherapy COours earliar in older
premenopausal patientzs and there iz an inverss ralation
between age and duration of treatment regquired +to  induce
ovarian suppressicn (Dnistrian et al, 1885). Drug indurced
ovarian suppression has besn well documantsd as a  frequent
side effect of cytotoxic chemotherapy but its possible
therapsutic bensfit in breast cancer has been difficult to

evaluate. This phenomenon was especially true for our
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advanced breast cancer patients wheo developsed recurrences
within a short pericd after completicn of eytotboxic
chemotherapy (Figs. 1-4). Cybtotoxic chemotherapy with CMF
does not significantly affect adrenal stericd metabolism
since androgen secretion is preserved and any decreass  in
Andro. recan be attributed to the ovarian scurece  (Rose and

Davis, 1984).

Endocrine treatment alsc resulted into ovarian suppression.
We have observed non-significant decline in E which
2

probably suggested that TMX might act as an estrogen than as
an antiestrogen at the hypothalamic pituitary level, because
it is well known that estrogen like effect seems to prevail
when the levels of circulating estrogens are low (Delrio et
al, 1888). Contrary to our resnlis, various studies (Sherman
et al, 1979 ; BRose and Davis, 1884 ; HManni and Pearson,
1988 ; Jordan et al, 1887) revesled an increases in  ovarian
estrogen production. Majority of their studies were carrvied
ont in early breast cancer patients. The chemoendocrine
therapy resulted into decreased Fg and no significant change
in E . The increased levels of Andro. with decreased T
2
levels might be dus to an altered adrenal metabolism.
We have observed a decyraasad ER  oconecentration with an

inecrease in eireulating E in stage Il breast cancer
2



patients only. Our result of stage I1 patients, correlate
with Vihko =t al (1980) who found a wvaristy of ocorrelations
between serum estradicl content and tumor oytoscl receptor

concentraticns in pre- and post-mencpausal patients.

ABSTRACT

The second chapter featuresz the incidsnes of cecirculating
Estradicl (E )}, Progestercns (Pg), Testosterone (T} and
2
their major precurscr Androstenedione  in pramenopausal
breast carcinoma patients and the levels were compared with
contrels. The results obtained with these stercid hormones
at diagnosis ware grouped taking (i) stage and (ii} nodal
status into consideration. & statistically non-significant
trend of decraase in progesterons was obssrved as  stage
advanced. Circulating progestercns in B tumour bearing

1
significantly higher (P « @3.41) than patients

n

patients was

with N +tuomours at presentation.
3

Section B of the chapter is directed +to oorrelate  the

changes in sex stercids with changes in disease status. The

levels of E , Pg, T and Androstensdions at presentation were

2

compared with the levels before clinical progressicn and at

clinical relapse. 8 statistically significant decrease in E
2

(P < @.4g1Yy and Pg (P < 4.85) was observed at clinical

relapse. Similarly, the levels of these steroids in
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responders were compared with the levels at last follow-up.
It was revealed that the levels of estradiol were

significantly reduced (P < $.85) amongst responders.

The fluectuations in sex steroids with type of therapy is
presented in part € of the chapter. Section I points towards
relation of cirenlating estradicl and progesterone levels

with estrogen- and progesterone-receptors.
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Table 1 : Serup stercid hormgogs in pressnopausal breast carcinopa patients ang
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Table 3 : Steroad horoonree in relation to podal siatus [ M £ 583
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2
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Tahle 3 3 Steroid hormones according to disease siatu
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Table & : Effect of therapy op sieroad horgones [ H + G 1

Therapy Y E Fg T
2
an / @l ng / al ag / nl ng / al
H
Prethera %543 + 29.%% 2.84 + 4,81 1.81 + 8,52 i.B
Chegn 22
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Table 7 : Relpase free survival in relation to therapy
in patients who developed recurrence [ M + SE ]

Therapy N Relapse free survival
in months

Chemo 15 29.58 + 1.33
Endocrine @3 19.41 + 3.20

Chemo-Endo 79 @8.58 + 1.81
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FITGURES



I. PATIENTS WHO DEVELOPED PROGRESSIVE DISEASE (Figs. 1-3):

Fig.1

The disease course in a stage II, grade 11 patient is
described in Fig. 1. The patient was treated with BSEM
followed by CMF. All the steroids showed a decline after
CMF. Patient was relapse free for & months and +hen she
developed Zo deposits in lungs and bone and was instituted .
second line chemotherapy. When combined chemohormonal
therapy was instituted, the Anéro. levels initially increased
and a decline was evidenced in all stericds. The patient
however, did not respond to therapy and ultimately succumbed

to death & months after detection of relapse.
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Fig. 2

A stage IV patisnt was trsated with SEM followed by
CMF . Within 3 months, . the patient developed
supraclavicular nodes while chemotherapy was being

given. The Andro. levels declined throughout the

diseass course. After the development of
supraclavicular nodes, the patient demonstrated an
increase in E which reduced in 7 months with

3

" dissemination of disease in lungs and brain. All the
hormone levels showed a decline with dissemination.

The patient died in 3 wesks.
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Fig. 3

A patient reported with secondaries in axilla. The
treatment offered to the patient was axillary
clearance followed by fadiotherapy and CMF, The

patient developed metastatic disease in lungs and
liver after 1.5 months of CMEF. The patient was then
treated with bilateral ' cophorectomy followed by
second line chemoendoecrine therapy. Finally patient
developed ascites which culminated into death. The
Andro. levels showed an increase during this reriod
also. T levels were low throughout the course of

the dissase.
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II. RESPONDERS (Figs. 4-5):
Fig.4

A stage II patient was treated with surgery followed
by CMF., The patient remained relapse Ifree at the end
of 2 years. E2 and Pg levels decreased after CMF. at
the end of 2 years, ail the four hormones were

within normal limits.
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A  stags III, grade II patient was  treated with

surgery, CHMF, radiotherapy. Bilateral oophorectony

was  performed after 1.5 months. The E, Pg, T and
‘ 2

Andro. levels decreased aftef therapy. The patient remained

relapse free at the end of 2 years.
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Flg.6

Scattercgram showing giroulating estradiol and

estrogen receptor.
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Fig. 7

Scatterogram showing girculating estradiol and

progesterone receptor.
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