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Preface

Qur comprehension of the bioclogical nature of preast cancer 1is
obscure, despite ge;eratious of organised research. Clinical
experience emphasises that this disease has a varlable range of
malignancy with different clinical manifestations and prognosis.
One in fifteen women in the United Kingdom develops breast cancer
and the majority of these die as a result of it. Primary treatment
methods which are based upon anatomical or physical comsiderations,
have been applied in a blanket fashion but have failed ta achieve
any improvement of mortality rates. A move speclfic primary
treatment, appropriate to an individual situation and outlook could
be provided 1f accurate markers of the range of malignancy in breast
cancer were available. Attempts to define ‘biologlcal markers’
within the primary growth which might shed some light upon its
innate nature and possibly distinguish a favourable from an

unfavourable type have met with limited succvess in recent years.

The Nottingham~Tenovus Study of primary breast cancer, under the

direction of Professor Roéer Blamey has been at the forefront of
these developments. Data from this centre have shown Lthat oestrogen
receptor status and histological grade of primary breast cancer are
inter-related and each variable also bears some relationship to
prognosis. However, studies of these ‘intrinsic’ prognostic
variables remain at a preliminary stage. Many intrinsic variables
have been identified, many are inter—related but their precise
clinical applications have not been defined. It 1is known that mauy
aspects of tumour behaviour have an influence upon prognosis but, to
date we have been unable to isolate an ideal “intrinsic marker” for

any specific tumour characteristic.




This thesis desc;ibes a search for factors 1in the primary
cancer which will identify specific tumour characteristics and allow
accurate prediction of the likely clinical course in individual
patients.

During a two year interval from August 1980, I was priveleged
to hold the Tenovus Research Fellowship in Nottingham and 1 was
involved in every aspect of investigation and management of patients
which these studies concerns 1 personally carried out most
mastectomies and lymph node bilopsies and thus I harvested and
distributed all specimens. Histological grading of primary cancers
and examination of lymph node biopsies for metastatic tumour were
carried out independently by Dr. C.W. Elston and Dr. Jane Johnson.
Sterold receptors were measured in primary cancers by the Tenovus
Instituke for Cancer Research in Cardiff under the direction of
Professor Kelth Griffiths. As Tenovus Research Fellow I harvested,
prepared and frequently transported tumour specimens in liquid
nitrogen to Cardiff and carrled out some receptor assays. 1 carried
out all prostaglandin Ez radiolmmuncassays in tumour explants, in
the Department of Surgery, Queen’s Medical Centre, Nottingham, I
also personally carrled out all cellularity counts in histological
gsections of cancers in which prostaglaundine were measured.

Clinical follow up of patients after mastectomy continued in
the Nottingham Post Mastectomy Clinic, which I conducted. T
scrupulously documented all important ‘events’ in the ‘Master Index’
and later summarised the index to allow 1ts trausfer on to computer.
I carried out a clinical examination and a full range of

Investigations on detection of recurrence in all patients. I




designed and used detailed proformas to allow (a) documentation of
the precise dimensions And distributlon of secondary disease before
endocrine treatment, (b) clinical follow up with accurate
documentation of any change in target metastases. These proformas
are now complete on more than two hundred patients and make up the
Nottingham Advanced Breast Cancer File.

I personally supervised treatment at the Advanced Breast Cancer
Clinic aund arranged external rveview for assessment of response to
endocrine therapy. 1 carried out all statistical analyses although
I received much valuable help from Dr. John Hayblttle.

By these methods, intrimsic parameters in primary breast cancer
were related to the clinical events which determine prognesis, in

women in the Nottingham—Tenovus Study.
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Chapter 1

PRINCIPLES OF MODERN TREATMENT FOR BREAST CANCER




Principles of Modern Treatment foxr Breast Cancer

The principles of treatment of any diserder ought to be
formulated upon a true understanding of the primary patheological
abnormality, 1f such treatment is to be successful. For example, in
acute appendicitis the primary pathological abnormality 1s a
localised inflammation within a useless organ, which may progress to
cause severe, even fatal ccmplications. Treatment principles
incorporate an understanding of inflammatory processes and are
directed towards early removal of the diseased organ. This
treatment 1s highly successfel and the wmortality from appendicitis
has fallen from 2.9 per 100,000 1in 1939 to 0.4 per 10G,000 in 1975
duc mainly to improvements in diagnosis and treatment (Storer,
1979).

What of our understanding of breast cancer? Galen, a
philosopher of ancient Creece, described breast cancer as a systemic
disturbance due to an imbalance of natural humours, melanchelia and
black bile, These mnotions now seem laughable but have our
comprehensions of the disease really improved since Galen’s time?
There has certainly been no decreasc 1n mortality rate from breast
cancer since records began and indeed, statistics show a disturbing
upward trend (Registrar General’s Statistical Review of England and
Wales, 1973), Thus, 1t d1s wvital that we reconsider our
understanding of the diseasc and in this context 1t 1s essential to
gain an historiecal overview of the sclentific principles upon which

present day treatment methods are based.
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Evolution of Surgical Therapy

Present day surgical management of carcinoma of the breast is
based upon principles which were formulated approximately 100 years
ago., Charles Moore, the surgeon in charge of the cancer wards at
the Middlesex Hospital, first called attention to the patterns of
local recurrence after limited excision of the tumour (the favoured
surgical method of treatment at the time), in an article entitled
"On the Influence of Inadequate Operations on the Theory of Cancer"
(Moore, 1867). Moore demonstrated that local recurrences appeared
most frequently adjacent to the old incision and he suggested that
‘active microscopic elements’ could be set free during the excision
of the cancer. These ‘active elements’ could then lodge in the
wound and theilr subsequent growth would cause the local recurrence.
This view was contrary to the prevalent opinion of the time that a
local recurrence represented a ‘mew cancer’ and was a manifestation
of constitutional susceptibility to the disease. Moore suggested
that the whole breast be removed tovgether with "adjacent unsound
structures”" including skin, pectoral muscles, and axillary nodes.
Moore’s ideas were accepted by Lister, in Glasgow and Mitchell Banks
in Liverpool, but did not find general favour, possibly due to the
limitations of operating time imposed by bthe relatively crude
methods of anaesthesia and lack of resuscitative facilities at that
period.

The Radical Mastectomy

Towards the end of the nineteenth century, a resurgence of
interest in these principles came about, William S. Halsted, an
American surgeon devised and popularised the operation of radical

mastectomy. Halsted based his operatfon partly on his own theories
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of tumour blology and partly on prevalent ideas conéeruing
mechanisms of dissemination.: Halsted proposed two essential
concepts which were central to the rationale of his operation.
Mrstly, he suggested that growing tumour remains localised at its
site of origin for a period of time and thereafter, at some instant
during their growth, tumour cells invade lymphatics and spread to
regional lymph nodes in an orderly manner. In accordance with the
ideas of other authorities (Stiles, 1892; Handley, 1904) Halsted
considered that breast cancer disseminated primarily by lymphatic
permeation and that initlal entry of cancer cells into the
bloodstream was unlikely, Secondly, in concurrence with the
teaching of Virchow (Virchow, 1B63) Halsted believed that lymph
nodes provided an effective barrier to the passage of tumour cells
and therefore, even when the regloral nodes were clinically
involved, the cancer was likely to be of a linited local~regional
distribution.,

In keeping with these concepts, therefore, an anaktomical bhasis
for cancer surgery was formulated. A cancer operation would of
necessity consist of removal of the primary tumour together with the
regional lymphatics and structures containing them, and lymph nodes
by meticulous ‘en bloc’ dissection. The practical application of
these principles to carcinoma of the breast culminated in the
operation of the radical or "Halsted mastectomy which comprised
remaoval of the entire breast, together with a wide circular expanse
of overlying skin, the pectoral muscles and axillary contents, all
in one piece (Halsted, 1894). At the same time, Meyer of New York

described a similar operation, which he had conceived independently




of Halsted (Mever, 1894%). This ‘radical” operation became the
standard management for carcinoma of the breast both in the United
Kingdom (Handley, !906) and in America.

‘The widespread adoption of the procedure led to a most dramatic
reduction of local and chest wall recurrences of the type which had
been so well recorded by Moore. Halsted cumpared the results of his
operation, with those of other authorities who practised less
radical procedures and found that the incidence of local recurrence
was reduced from 60 - 80% (Von Winiwarter, 1878) to 6% in hils series
of 50 patients (Halsted et al, L895). Data relating to any
improvement in survival however, were lacking. Indeed Greenough
reported that the survival of patients treated by radical mastectomy
was inferior to that of patients treated by lesser opevations
(Greenough et al, 1907). Lewls and Rienhoff (1932) later reported a
10 year survival of 12% in patients treated by the radical operation
which compared with the 9% 10 year survival of patients treated with
simple mastectomy alone, by Gross, some fifty years earlier (Gross,
18803 .

‘Treatment Fallure’ with Radieal Mastectomy

Local and distant recurrence, or death from the disease after
the radical operation were considered to be a manifestation of
‘treatment failure’., These "fallures’ were thought to resull from
residual foci of cancer, left in situ after the mastectomy: local
recurtrences were thought to arise from tumour cells which had been
left in the operative site {(as initially described by Moore) as a
result of ‘poor surgical Lechnique’. Distant metastases were

considered to occur as a result of spread by lymphatics from any

I L




nidus of cancer in lymph nodes which were not routinely removed.
Sampson Handley thought that the anterlor mediastinal and
supraclavicular nodes were particularly likely to harbour clumps of
cancer cells, and he wrote: "In such cases, it 1s probable, that not
infrequently, permeation may smoulder along the lymphatics without
giving rise to macroscopiec nodules in its course. Thus, long
periods of apparent ilmmunity may be followed by Tecrudescence of_the

growth at some distant point." (Handley, 1922).

Extension of the radieal prinmciple

These ideas stimulated the scarch for some wethod of
elimination of the "last involved lymph node" and the radical
anatomical principle was ‘extended’ beyond the confines of the
Halsted mastectomy. Surgical procedures became more expansive, and
post operative radiatlon became a standard supplement to the
mastectomy., Halsted extended his dissection to include removal of
the supraclavicular lymph nodes, but later reverted to his coriginal
operation (Halsted, 1898), Handley administered a ‘prophylactic’
course of radiation to all of his patients after 1906 (Handley,
1922). In addition, Handley confirmed his own and others fears of
residual cancer in lymph nodes which were ‘beyond the knife’ at
radical mastectomy when he reported positive biopsies of internal
mammary nodes, He subsequently advocated routine implantation of
intercostal radium tubes and reported 77 cases treated in such a
manner in 1927 (Handley, 1927). Twenty vears later, R.S Handley, a
senior surgeon at the Middlesex Hospital, and Sampson Handley’s own
son, recalled attention to the problem of residual tumour in

internal mammary nodes (Handley and Thackray, 1949) when he




demonstrated positive bilopsies in 31%Z of patients with inner
quadrant tumours, and concluded that the classgical radilcal
mastectomy "was not radical at all and was likely to fail in its
object in up to 25% of operable cases'.

The Extended Radical Mastectomy

Influenced by these findings, Urban {1956) and Sugarbaker
(1964) both in America, extended the radical mastectomy to include a
routine ‘en bloc” dissection and removal of the internal mammarxry
chain. Andreasson and Dahl Iversen in Denmark demontrated tumour
involvement of supraclavicular nodes 1in 33% of patients with
positive axillary nodes (Andreasson and Pahl Iversen, 1949) and
therefore they included a dissection of both the supraclavicular
nodes and the internal mammary chain in their standard operation for
breast cancer {(Dahl Iversen and Tobiassen, 1963). Wangensteen, who
was the most amibitious practitioner of the radical surgical
principle advocated a ‘super-radical’ mastectomy which comérised
removal of the breast and axillary contents; the internal mammary
vessels and lymphatic chain; the upper and lower wediastinal and
supraclavicular nodes all of which would he performed in two stages
{Wangensteen, 1949).

As can be seen, these ‘extended radical” mastectomies varled in
scope and technique to an extent which made thelr comparative
evaluation difficult. However, each of these procedures comprised a
minimum of a radical mastectomy plus an ‘en bloc’ dissection of the
internal mammary nodes with segments of overlying ribs and pleura
and represented a formidable surgical assault. Haagensen reported

that "the operation undoubtedly penalises the patient more than does




the classical radical mpstectomy" {Haagensen, 1971). Shortly hefore
they abandoned the procedure, Dahl Iversen and YTobiassen (1969)
described complications in 5% of theilr patients which were strictly
referable to the “extension’ and not to the mastectomy component,
viz. pleural perforations, rib necrosis, empyema and parasternal
abscesses. Finally Wangensteen reported the prohibitive moxtality
of 12.5% after his two satage ‘super-radical’ procedure, although he
was later able to reduce that to 3.6% by performing all steps in one
stage (Wangensteen et al, 1956).

The first goal, in the management of any malignancy is the
improvement of survival, particularly in those circumstances where
the method of treatment Iltself carries such penalties. The most
damning indictment of the extended mastectomies therefore, came fron
their failure to achleve that aim. Retrospective analyses by Gould,
1964; Cacares, 1967 and Urban, 1971 all have failed to show any
improvement of survival over that of the standard radical
mastectomy. Furthermore a prospective trial conparing extended
mastectomy with radical mastectomy (Lacour, 1976) did not show any
survival benefit for the extended procedure, While it would appear
that the extended procedures do convey some benelit, with regard to
reduction of parasternal chest wall recurrences {Urban, 1971), local
recurrences (Donegan, 1972) and prolongation of disease free
interval (Urbaun, 1971), their prohibitive morbidity tagether with
the lack of any sutvival benefit has led to their general

abandonment.




Radical mastectomy with supplementary radiotherapy

Other non surgical avenues have been explored for some means of
eliminating residual local cancer after the st;ndard ‘Halsted’
procedure. Radiotherapy, given pre or post operatively has been
most popular In this respect. This modallity of treatment in the
early years of this century tended to be administered to selected
patients for a varilety of reasons, with variable doses and methods
of administraticn, so that once again, there was a situation where
any comparative assessment of results was difficult, 1i[ not
impossible.

A number of non randomised retrospective studies were published
often with conflicting conclusions. Greenaugh, in a retrospective
review of 536 patients demonstrated a five year survival of 337 for
patients treated by radical mastectamy alone and only 23% for those
who received ‘prophylactie’ radiotherapy in addition to the
operation and he recommended therefore that its routine use be
discontinued (Greenough, 1929). Harrington, in a review of 3,381
patients failed to demonstrate any survival advantage in irradiated
patients but details ofs radiation regimens were lacking (Harrington,
1935)., However, McWhirter inm Edinburgh, demonstrated a decreased
rate of local recurrence and a greater five year survival, for both
‘operable’ and ‘inoperable’ cancer, in patients who received
radiotherapy following the radical aperation. These benefits were
assessed against historical controls, treated by radical mastectomy
alone, and were dependent on technique and dosage of radiotherapy
(MeWhirter, 1948).

It was not until the ‘Manchester Trial’ that accurate data

hecame available (Paterson and Russell, 1959). 1In this prospective
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study, patients with operable breast cancer were randomly allocated
to receive a radlcal mastectomy elther alone or followed by a
supplementary course of radiotherapy. A total of 1,461 patients
were entered into the trial between 1949 and 1956. This outstanding
study became a ‘milestone’ in our approach to cancer therapy and had
three important conclusions.

Firstly, there was no signilficant difference in survival
despite the "sterilising’ effect which the additional DXRT would
have had on intermal mammary nodes. Secondly, 35% of the group who
had radical mastectomy alone and then were ‘watched’ died without
sver developing local recurrence and thus were spared the
disadvantages of radiotherapy. Thirdly, the rates of loecal
recurrence wele markedly reduced inm the irradiated group. However,
these recurrences when they appeared were successfully treated by
‘purposive’ irradiation so that at death, the incidence of
persistent local recurrence was approximately equal in both groups.
Finally, Paterson and Russell concluded that "“post operative
radlotherapy as a routine procedure in all cases is associated with
considerable disturbance and discomfort and occasional permanent
morbidity. This seems unnecessary 1f it confers no increased
overall protection and no benefit on the majority of patients'.

A further prospective study in Ametrica, the National Surgical
Ad juvant Breast Project (NSABP) clinical trial cenfirmed the
Manchester conclusions, that local and regional recurrences were
reduced by post-operative radiotherapy but that there was nco
survival advantage (Fisher et al, 1970). Haagensen concluded that

"there was no justification whatever”, for the use of ‘prophylactic’




radiotherapy in addition to a radical mastectomy (Haagensen, 1971). .

It seems, therefore, that extension af the radical mastectomy,
either by more expansive surgery, or by the addition of
radlotherapy, has not improved survival, By Halstedian principle,
these more expansive techniques ought to have eliminated residual
local reglonal cancer, the supposed focus from which disseminated
metastases occurred, in a grealer number of patients which likewise,
ought to have been reflected in a greater cure rate, These
unfulfilled expectations continue to challenge Halstedian
principles. 1t is noteworthy, however, that most trials do report
some benefit from these methods of ‘augmented” radical surgery viz.
thare is general agreement that these delay the onset of local or
regional recurrence with a consequent prolongation of disease free
interval, Desplte these benefits, however, the complications of
these manoeuvres has led most surgeons to abandon their use and
merely treat recurrent disease when it arises.

The shift to comservative surgery

The standard radical mastectomy itself, also carries
gignificant complications e.g. sloughs, wound dehiscences and
infections, deformity of the chest wall, arm oedema and limitation
of shoulder movement (Crile, 1964) and clinicians in some guarters
expressed concern at the widespread use of the proecedurc. Geoffrey
Keynes, a surgeon at St. Bartholomew’s Hospital, expressed "grave
dissatisfaction" with the Halsted mastectomy in view of its
"comparatively low cure rate and definite morbidity 1n the form of
arm oedema and limitation of shoulder movement'. Keynes considered

the radical procedure to be a "hideous mutilation”™ and advacated a
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combination of simple mastectomy plus radiotherapy as an alternative
(Reynes, 1927). Ewing felt that the Halsted procedure was too
radical for diseasc at elther end of the spectrum of advancemeant,
being performed on the one hand, for intraduct cancers, where the
sacrifice of normal tissue was unlikely to be contributory to the
prognosis, and on the other, for locally advanced "highly malignant"
forms of the disease which were uniformly fatal whatever the
treatment (Ewing, 1928). In a comprehensive review of patients
treated by various combinations ¢f surgery and radliotherapy for
breast cancer, Adair documented the results of local operations such
as simple mastectomy or lumpectomy plus radiotherapy and found to
his surprise, ‘that the survival rate was approximately the same as
that of patients treated by the Halsted procedure (Adair, 1943),

Scientific ohjections to Halstedian principles. were first
ralsed by a London anatomist, J.H. Gray, in a masterly study of
lymphatic anatomy of the breast. Using barium and thorotrast
injections, Gray demonstrated normal lymphatics between the primary
carcinoma and involved nodes; a finding which implied that carcinoma
cells pass to the regional nodes as emboli, and not as a solid cord
of cells occupying the whole lumen of the vessel has had been
suggested by Handley and Halsted. Furthermore, Gray’'s studies
falled to demousltrate lymphatic plexi in the deep fascia of the
breast, aund thus questioned the basis for the routine removal of the
deep fascia and muscle in a radieal mastectomy {(Gray, 1936).
Challengers of accepted principle were as popular then, as they are
today. Sampson Handley wrote of Gray's findings,

"When an such flimsy evidence he denies the spread of breast




cancer by permeation of the deep fascia, one of the best established
facts of pathology, it is necessary to state plainly that such ideas
are a menace to the effective treatment of the disease, whether by

surgery or irradiation. (Handley, 1937).

The "Modified" Radical Mastectomy

On the basis of Gray’s findings, Patey and Dyson, devised a new
"modifled" radical mastetomy, which preserved the pectoralis major
muscle and mnerve, with the object of improving the cosmetic
appearance aud reducling operative blood loss. In 1948, they
reported results of 46 cases, which they coumpared with those of 45
patients treated by radical mastectomy during the same interval.
Patients were categorlsed according to lymph node involvement and
were comparable in both groups. The Halsted procedure did not
confer any advantage with respect to local recurrence or survival,
over the new "modified" procedure (Patey and Dyson, 1948), This

procedure remains popular today.

Simple mastectomy plus radiotherapy

McWhirter has long been regarded as a champion of the cause of
limited surgery in the treatment of breast cancer, but it is
noteworthy that his motives for hils advocated combination of simple
mastectomy and radiotherapy, were in fact radical in concept.
McWhirter was impressed by the poor results, relating to bhoth local
recurrence rate and survival, of the radical operation and in 1935,
he recommended to the surgeons of Edinburgh that post-operative
radiotherapy be administered followling the radical mastectomy.

Analysis of these results six years later demonstrated a fall in the




rate of local recurrence, but little alterationm of survival. In his
raview, however, McWhirter came across records of a number of
patients who had beep treated by a combination of radiotherapy and
simple mastectomy and, being impressed by the favourable survival in
this group, commenced an uncontrolled trial (incorperating this
combination) in collusion with the Edinburgh surgeons. In 1948
McWhirter published results of a historical comparison of three
different methods of treatment. The five year survival of all
"operable" cases, treated by radical mastectomy alomne, between 1930
- 1934 was 35.6% whereas, that for patients treated by radical
mastectomy plus post—operative radiotherapy between 1935 - 1940 was
447, The best results were achieved by simple mastectomy plus post-
operative radiotherapy, between 194] and 1945, in which the five
vear survival was 55.9%Z., Although not primarily meotivated by a
concern to reduce treatment morbilidity, McWhirter was pleased to
report an infrequent incidence of arm oedema following the less
radical procedure (MeWhirter, 1948).

Williams, in a comparative review of 1,044 cases, treated by
local surpery, with or without radiotherapy or by radical loral
surgery alse with or without radiation, found no difference in
survival at five and 10 years. The simpler procedures carried the
disadvantage of a higher rate of local recurreunce but this, he felt
was countered by a significantly greater incidence of other
complications, notably arm cedema, after the radical procedures,
Two randomised prospective trials have been conducted:

1) In Copenhagen, Kaae and Johanssen (1962) compared simple
mastectomy plus radiotherapy with cxtended radical mastectomy and

found no difference in survival or rate of recurrence




2) In England, Brinkley and Haybittle similarly failed to
report any slgnificant difference, in either survival or rate of
local recurrence with the use of elther simple ﬁastectomy plus
radiotherapy or radical mastectomy plus vadiotherapy (Brinkley and
Haybittle, 1966},

A study which progressed a step further, compared simple
mastectomy with radical mastectomy with the proviso that
radiotherapy was given to patients in both groups post-operatively
ounly on confirmation of axillary metastases. Nothing in their
preliminary data, concerning 230 patients suggested that a
conservative approach was inferior to a radical one {(Roberts et al,
1973). All of the above studies have really compared one form of
radical treatment with another, in various comhinations of surgery
and radiotherapy and the similarity of results might have been

expected.

Simple Mastectomy : Comservative Surgery versus Radicalism

Further studies truly compared simple conservative surgery with
radicalism, Den Besten and Ziffren (1965} in a comparative review
of simple wastecctomy and radical mastectomy, failed to find any
survival advantage at five vears, for patlents treated by the
radical procedure, irrespective of agillary node involvement. Crile
(1968) puhlished similar findings. These reports, however, were
based on relatively small series of patlents. Any survival benefit
of radical over sinple surgery, is likely to be minimal at five
vears of follow=up (Baum, 1972) and therefore a relatively large

number of patients, randomised to receive either radical or simple




therapy would be requlired teo detect any such difference. For
example, two thousand patients would be required to achieve a 90%
chance of detecting a 7% difference at the statistical level of p <
0.05 and if no difference existed, then a large series of patients
would emphasise this finding with confidence {(Baum, 1972).

Motivated by these concepts, a multicentre trlial was initiated
and co~ordinated at King’s College Hospital, which compared the
radical regimen favoured in the United Kingdom (simple mastectomy
plus Immediate post—coperative radiotherapy to the operative site and
the axillary, supraclavicular and internal mammary nodes) with a
conservative regimen (simple mastectomy alone). Two thousand, two
hundred and sixty-eight patients were randomised to one or other
regimen between 1970 and 1975. At five years, there was no avidence
that radiotherapy conferred benefit as regards survival or distant
recurrence, in patients with Manchester Stage I or 11 disease (Fig.
1 : 1). The conservatively treated patlents, however, did have a
higher incidence of subsequent disease in the axilla and of local
chest wall recurrences {(Fig. 1 : 2). "These complications however,
were successfully controlled by additional treatment, in 70% of
patients in whom they arose. These findlngs have also been
confirmed at 10 years of follow up (Cancer Research Campaign Working
Party, 1976, 1980),

In America, the National Surgical Adjuvant Breast Project
{(NSABP) working party initiated a simiiar multicentre trial in 197}
with three treatment options. Patients without nodal involvement
ware randomised to receive either (1} radical mastectomy alone or

(2) simple mastectomy alone or (3) simple mastectomy plus post-
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operative radlotberapy to the axillary, internal mammary and
supraclavicular nodes. By 1977, 980 patients had been treated and
followed up for a mean interval of 3% months when results were
reparted. There was no significant difference in disease free
interval or in cumulative survival between the three treatment
options although the incidence of local and regional recurrences was
marginally higher in the group treated by simple mastectomy alone
(Fisher, 1977a).

These studies undoubtedly demonstrate that radical local
treatment, whether by surgery alone or in cowmbination with
radiotherapy, does not carry any survival advantage over that of
almple mastectomy alone. In particular, it would seem that
praophylactic ablation of regiomal lymph nodes irrespective of
whether they are involved by tumour, has mno contributien to
achievement of cure. Indeed, Fisher comcluded that, "Tertiary
metastases from neglected nedes is either minimal or is
inconsequential in the overall course of the disease"” (Fisher,

1977a).

Routine post—operative radiotherapy and local recurrence

The above studies demonstrate that post-operative chest wall
irradiation is unlikely fo convey any survival advantage but that
this measure is likely to reduce the incidence or delay the onset of
local recurrences. The question arises of whether its routine use
is justified solely on these grounds. This question, even today,

remains controversial (Leading Article R.M.J. 1981},




The observed rate of local recurrence at five years after
sinple mastectomy is between 15% and 30% (Friedlander, 1981) and
routine irradiation administered immedilately after surgery would
prevent the development of this complication in approximately 60%
patients {(Chu, 1976). However, as was [lrst emphasised by Paterson
and Russell, a more conservative policy of delaying radiation
treatment until recurrences appear, is successful in controlling
this complication in approximately 70% of these in whom it arises
(Paterson and Rassell, 1958; Chu, 1976; Cancer Research Campaign,
1976). Therefore the incidence of ‘resistant’ local recurrences,
that is having either made their appearance following prophylactic
radiation or persisted despite ‘purposive’ irradiation is likely to
be similar at five years of follow up (Friedlander, 1981).

Routine post~operative radlotherapy carries significant side
effects such as rlb necrosis, pneumonitis, skin ulceration,
myelopathies, ete. which cccur in 7 — 24% of treated patients (Chu,
1955; Meyer, 1978; Polansky, 1980). A conservative policy,
therefore of delaying treatment until local metastases appear would
spare 70 - 85% patients these possible complications without any
palliative loss (Friedlander, 1981). The clinician’s choice of
treatment for early breast cancer must he based upon his personal
evaluation of these relative pros and cons but for many surgeons the
morbidity attendant upon routine ‘prophylactice’ radiation and also
the lack of any survival advantage or indeed of any palliative gain,

would argue strongly against its continued use.
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Local excision with radiotherapy

The final step in the progressive shift to conservative local
treatment ends with this procedure. Preservation of breast tissue
with a superior cosmetic end result are the aims of this method,
which is no less ‘radical’ in principle than a simple mastectomy.

Mustakallio was the first advocate of this method and in a
series of 127 patients whose primary tumour was 'nmo bigger than a
hen’s egg", treated by luwmpectomy and irradiation, he reported a
five year survival of B84% (Mustakallio, 1954), Other uncontrelled
series followed. 1In a review, Porritt (1964) found a five vear
survival of 657 in 74 wowen treated by lumpectomy and ilrradiation
and only 50% in 109 women treated by radical mastectomy. Levene et
al (1977) reported a five year rate of local contrnl of 100% in 64
women with stage I and 11 breast cauncer treated by this method. All
patients with stage I disease and 62% with stage 11 disease survived
five years. Calle et al (1978) reported similar results with this
method. Five and 10 year survival rates of 120 women (whose primary
was less than 3,0 cms diameter) were 85% and 75% respectively. In
Calle’s series only 16 women (12%) required secondary surgery for
local recurrence. Two prospective randomised trials have been
completed.

1) Atkins et al (1972) randomly allocated 387 women aged over
50 years with ovperable breast cancer to receive either -

a) radlical mastectomy plus post-operative radiotherapy (2,500 -
2,700 rads to axilla supraclavicular fossa and to Internal mammary
chain) plus 3 doses of Thiotepa

or
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b) wide local excision of the lesion (extended tylectomy) plus
post—operative radiothexrapy (2,300 - 2,700 rads to the axilla,
gupraclavicular fossa and internal mammary chain plus 3,500 - 3,800
rads to the breast) plus 3 doses of Thiotepa.

In patients with stage I and IT disease, a higher rate of local
recurrence was seen in the extended tylectomy group. However, the
majority of these "local" recarrences appeared in axillary nodes,
treated by radiotherapy doses which have been considered inadequate
(Fisher, 1977b), No survival difference was noted in all patients
{(Fig. | ¢ 3) or in those with stage I lesions (Tig. 1 : 4), but in
stage II cases radical maestectomy gave a significantly better
survival at 10 years, although not at five years (Fig. 1 : 4). It
is noteworthy that thls trial has been criticised on the grounds of
Inadequate radiotherapy, given not only to the axilla, but also to
the breast (Orthovoltage irradiation was used) (Veronesi et al,
1981).

2) Vercnesi and colleagues (1981) randomised 701 patients with
tumours gmaller than 2.0 cms with no palpable nodes to receilve
either

a) A Halsted radical mastectomy

or

b) A ‘quadrantectomy’ with axillary dissection and radiotherapy
to the ipsilateral residual breast tissue. No difference in disease
free interval or survival was seen bektween the two groups al seven
vears follow up (Figs. 1 : 5, 1 : 6).

Although this study concerned patients with ‘clinical’ stage I

breast cancer, approximately 25% patients in each group had
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pathologically defined axillary node metastases. When these
patients were considered separately, no survival difference was
found, a finding rather at variance with the Atkins study (Fig. 1 :
7)

Thus in patients with early breast cancer, without clinical
evidence of involved nodes, lumpectomy and lrradliation appears to be
as effectlve as a radical mastectomy. No conclusion can as yet be
drawn for clinical stage II disease. In Awmerica, the NSABP is
currently evaluating ‘segmental’ mastectomy (wide local excision)
both alone and in combination with radiotherapy against sinple
mastectomy in patients with clinical stage I and Il disease. We
awalt their results with interest. It is therefore rather early to
draw valid conclusions about lumpectomy and radiotherapy. Its case

for all operable disease 1s unproven.

The place of local therapy ip breast cancer

Breagt cancer appears to be a systemic disease in the majority
of patients at the time of presentation. As MacDonald pointed ocut
approximately 30 years ago, "the fact that uniform cure i1g anot
obtained by vadical surgery in cancers which by morphologlcal
evidence are stilll localised to their site of orilgin, indicates
frequent dissemination, early in the infiltrative period"
(MacDonald, 1951}, When it is considered that breast cancers as
small as 1.0 centimectre in diameter have already progressed through
approximately 30 doublings (Spratt, 1977)then the priﬁciple of
'early’ dissemination becomes less sufprising. Circulating cancer
cells have frequently been reported associated with ‘early’ breast

cancers {(Roberts et al, 1958).
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What place does logal therapy have in a dlsease of this nature?

Several important points of dogma have emerged from the
aforementioned trials in breast cancer. Firstly, local therapy will
prevent local advancement of the disease from & small ecircumspect
lesion to a large fungating mass, which oozes blood and protein to
the detriment of the patient. Secondly, local therapy will not only
remove the lesion but will delay or prevent local recurrences. As
first emphasised by Moore in 1867, the 1ikelihood of local
recurrence is inversely related to the extent of local treatment:
the incidence 1is lowest after an extended radical mastectomy
(Lacour, 1976) but unacceptably high after simple excision alone
(Halsted, 1896), However, as local treatment becomes more
aggressive, the incidence of complications rises until the
paradoxical point is reached, where the morbidity due to treatment
exceeds that due to the cowmplication which it is designed to prevent
(Devitt and Beattie, 1964), Today, the standard local treatment for
operable breast cancer in the United Kingdom is a simple mastectonmy
which achieves adequate local control with a low incidence of
complications {Cancer Research Campaign Working Party, 1980). It is
uncertain al Lthe present time whether lesser procedures may be as
satisfactory.

Thirdly, we know that 20 ~ 25% patients with clinical stage T
or IT breast cancer will have a normal expectation of life after
effectiva local treatment (Brinkley and Haybittle, 1968; Adair et
al, 1974), This concept has been described as a "practical cure" by
Adair et al (1974), Ilow has local treatment achieved this end? In

the small number of cases (whom we cannot identify) where cancer is




truly confined to the breast, then cure by mastectomy alone is both
logical and feasible. However, when spread outside the breast has
occurred, then the concept of ‘cure’ by mastectomy alone is more
difficult to conprehend. In Brinkley and Haybittle’s series, one
quarter of the patients alive at 23 years after mastectomy had
involvement of axillary nodes at the time of their operation and
many of these received no additional therapy. How can these
patients have been cured by a mastectony alone? Fisher has proposed
the hypothesis that removal of the bulk of tumour by a mastectomy

"critical tumour load”" which may be

leaves behind a small
satisfactorily eradicated by the host’s natural immunological
defences (Fisher, 1977b). There is no direct evidence which
supports this hypothesis, however and others have demonstrated
contrary effects, that the growth rate and growth fraction of
residual cancer cells increase after removal of the primary lesion
(Be Wys, 1972), so that immune defences would appear to have little
inhibitory effect.

One important factor which has received little attention is the
natural variation of behaviour or growth rate of these cancers.
Relatively few patients with breast cancer refuse mastectomy, but
nonetheless, 30 year survivors who show no evidence of distant
metastases have been reported within this group (Baum, 1980). To
reconsider Brinkley and Haybittle’s data {1975): the death rate in
the ‘cured’ mastectomy patients was identical to that of an age
matched population without hreast cancer at 20 years of follow up,

but the death rate from brecast cancer in the former was sixteen

times greater. These findings suggest that a form of natural




selection, due perhaps to the cancer’s slow growth rate or limited
metastasiging potential, may be partly responsible for the apparent

‘cures’ observed after surgical treatmeant.

Principles of "Adjuvant" systemic therapy for breast cancer

The limitations of local therapy for carcinoma of the breast
have become apparent over the past few decades. No mattar what
local treatment is given, metastatic relapse is the major cause of
treatment fallure and ultimate demise. 7The concept of breast cancer
which is systemlcally disseminated at the time of presentation (in
the majority of patients) has become accepted and 1t would seem
logical that some form of systemic therapy be incorporated into the
ipitial management. Chemotherapy and hormonal therapy are the two
most popular modalities which have been used in this respect and

numercus trials have been carried out.

Ad juvant chemotherapy

This method is the more recent of the two, and it has been
enthusiastically accepted in America, despite the caution of the
initial investigators. The priociples and results of this method
will be considered.

The agents

It is rather iranic that research on chemical weapons of war
has led to the modern era of chemotherapy for malignant disease.
Systemic analysis of the nitrogen mustards began in 1942 and at the
outset conslderable toxicity was described particularly in tissues

wlth renewable cell populatlons, eg lymphoid tissues, bone marrow

and the epithelium of the gastrointestinal tract (Gilluman, 1963).




The ideal cytotoxic drug which will control the growth of cancer
cells or destroy them completely without serious damage to the host,
has not yet been found, Common features of present day
chemotherapeutic agents are their disparate origin, their warginal
anti-tumour selectivity and their narrow therapeutic index i.e. a
narrow margin between an effective dose and a lethal dose (Dowling
et al, 1970). These agents are conaldered o be most active against
rapidly proliferating cells, but their precise mechanism of actilon
{(with few exceptions) is obscure {Calman et al, 1980) and they must
be regarded as non specific cell toxins.

Nevertheless, these compounds have revolutionised the treatment
of some cancers eg. Choriocarcinoma — where permanenit regression can
be anticipated in approximately 80% patients after Methotrexate
therapy with or without the use of other agents (Li, 1956).
Carcinoma of the breast is only moderately sgsensitive to these drugs
which have consequently had a disappoiating effect upon advanced
stages of that disease., Certainly the results of early triale using
combinations of these agents were encouraging: Cooper (1969) claimed
complete responses in 887 patients with advanced breast cancer
treated by Cyclophosphamide, Methotrexate, 5-Fluorouracil,
Vincristine and Prednisone. However the promise of these
preliminary findings have been largely unfulfilled and total
(partial and complete) response rates of 40 -~ 60% with a median
duratlion of remission of approximately seven months are more
frequent findings (Kardinal, 1979). It is noteworthy that rather
less than 5% patients who receive chemotherapy for recurrent breast

carcinoma survive five vears (Fisher, 1977b).




Toxicitz

Cytotoxic agents have short and long term side-effects. Our
knowledge of the former is greater, and certainly, short term
complications are of greater lmportance to the patient with advanced
disease.

Chemotherapeutic agents are most active against rapidly
dividing cells, both in a target cancer and those which comprise
normal tissues, eg., Gastrolutestinal tract, epithelium, skin, hair
follieles, bone marrow (Kardinal, 1979). The external
manifestations of these actiouns are the complications of nausea,
vomiting, stomatitis, diarrhoea, haemorrhagic cystitis, alopaecia
and marrow depression, all of which are easily recognisable. In
addition, moset cytotoxle drugs in general and alkylating agents in
particular have some action against resting cells (Dowling et al,
1970). Thei; action against stable cells of the host are more
difficult to quantify, but have certainly been documented, eg.
Vincristine Neuropathy, Adriamycin Cardiomyopathy. While criteria
of assessment of response of a cancer to chemotherapy are relatively
stringent (Hayward et al, 1977), methods of evalwation of damage to
normal tissues are rather less precise. O0Often the only standard
measurement which 1s taken to give an indicatleon of the degree of
cellular toxicity is a white cell count.

Long term side effects are of concern in patients who are
clinically well and receive these agents as “adjuvant’ therapy.
Chromosomal breakage may occur {(Schien and Winokuar, 1975) and the
leukemic potential of these agents has been shown in patients who

have received them as an adjuvant (Seiber and Adamson, 1975; Rizzo




et al, 1981). The consequences of immunosuppression ‘early’ in the
course of the disease are unknown. In view of the limited
effectiveness of these agents in advanced disease and their known
toxlcity, what is their place in treating undetectable disease at

the time of mastectomy?

Principles of adjuvant chemotherapy

Two ideas underline the use of cytotoxic agents as ‘ad juvant’
therapy,

Firstly, the efficacy ol chemotherapy is dose dependent and
therapy in tolerable doses is more likely to be effective against
small numbers of residual tumour cells (Hill and Price, 1977).
Therefore, the administration of this treatment immediately after
mastectomy when only “small’ deposits of cancer rvemains in the form
of micrometastases 1s likely to increase the cure rate {(Bonadonna et
al, 1978)., Evidence for this contention is provided from in vivo
experimentation upon animal models. Using C5781 mice, in which
mammary sdenocarcinomata had been transplanted, Shapiro and Fugman
{(1957) demonstrated a 37% "cure" rate by the concomitant use of
surgery and chemotherapy, whereas either modality, given alone,
failed to achieve any "cures'. ("Cure" was defined as survival for
a period of 30 days without evidence of cancer recurrence.)

Secondly, the sensitivity of tumour celis to a specific drug is
a function of the proliferating state of the tumour and surgical
removal of the primary cancer possibly causes an lncrease in the
rate of cellular replication of wetastases. 'This second principle

has been shown only in the animal model (Simpson=~llerren and




Griswold, 1970; De Wys, 1972). Thus rapidly cycling micrometastases
ought to be more susceptible to cytotoxic agents (Fisher and
Wolmark, 1977).

To take the first principle, 1t must be remembered that
cytotoxic agents are non specific and the dose~response effect of
this treatment on micrometastases may be rather diluted by its
affinity for normal host cells. On the second principle, the
evidence that micrometastases are more susceptible to ¢ytotoxic
agents following removal of the primary i1s controversial and indeed
there is experimental work (again on animal models) which suggests
the opposite, that micrometastases are more susceptible before
removal of the priwmary (Van de Velde et al, 1977) or that
micrometastases are less susceptible than the primary tumour itself
{Van Putten et al, 1979).

Indeed, it is a little surprising that principles elahorated
from experiments performed on induced cancers which comprise a
particularly homogenous strain of cancer cell (Currie, 1979), or
transplanted cancers studied in different species and under a unique
set of conditious, have been applied so readily to the human

disorder.

Adjuvant chemotherapy: Results of treatment ~ The Trials

This brief review shall consider only the larger clinical
trials of this therapeutic modality. The initial rationale for
aduninistration of adjuvant chemotherapy was the desire to eradicate

circulating cancer cells, dislodged during a mastectomy.




In 1958, the NSABP initiated a prospective randomised double
blind study of thiotepa vs placebo. Elght hundred and twenty-six
women were entered until 1961. Treatment was given at the time of
surgery and for two days thereafter, Only premenopausal patients
with > 4 positive nodes derived any benefit and the recurrence rate
in this group was approximately 40% less than in controls. At five
vears of follow up differences in rate of recurrence were not
significant, but a significant survival benefit (p < 0.05) was
apparenlk in premenopausals with > 4 positive nodes who received
ad juvant treatment (Fisher et al, 1968). These initial results
appeared to support the principle of adjuvant chemotherapy and a
conceptual change of emphasis occurred at this time from the
destruction of circulating cancer cells, to the need to destroy
occult micrometastases.

In 1972, a randomised trial of adjuvant Melphalan (L-FPAM) vs
placebo was initiated by the NSABP in paticnts considered to be at
risk.of recurrence ie, those with positive axillary nodes.
Treatment was given for five days, at six week intervals over two
years. Ouce again only premencpausal node positive patients showed
any benefit in that significantly fewer recurrences were seen at 18
months., However at 30 mwonths, differences were not significant
(Fisher, 1975), A British study has failed to find any benefit with
L-FAM in either pre or postmenopausal women (Gecrge et al, 1981).

Combination chemotherapy appears superior to slangle agents in
the treatment of advanced disease (Taylor, 1974, 1976) and, based
upon this concept, the Tumour Institute of Milan initiated their

randomised prospective trial of CMI (Cyclophosphamide, wmethotrexate




and 5—-fluorouracil) versus placebo, 1in patients with iIlnvolved Llymph
nodes. Treatment was started two to four weeks following mastectomy
and continued for 12 monthly cycles. Observed toxicity was much
greater than encountered with single agents. Three hundred and
eightyv-six patients were entered and have since been followed up for
five years (Rossi, 1981). At 12 months of follow up, a highly
gsignificant decrease in recurrence was noted in both pre and
postmencpausal patients treated with CMF. The greatest improvement
was observed in patient with > 4 nodes involved (40.7% controls had
recurrced vs 8.8% CMF) {Bonadonna et al, 1976), By 36 months of
follow up, the benefit in premenopausal patients was still striking,
but differences in postmenopausal patients were no longer
significant. Patients wih 4 involved nodes once agaln derived
greatest bhenefit (Rossi et al, 1981). At five years of follow up, a
significent survival advantage (p < 0.05) was observed in the
treated group. The recurrence free interval was significantly
prolonged in patients with 1-3 nodes, but not in those with > 4
nodes. Similarly, significant differences wave ohserved between
treated and control groups in premenopausal subjcets, but not in
postmenopausal patients (Rossi, 1981). These findings which are of
imnmense Interest raise certain important questions:

1. Are the benefits 2£ treatment due to truc cradication of

micrometastases or to short term inhibition of tumour growth?

The beneficial effects of chemotherapy were transient in
certain patient subgroups:

a) Postmenopausal patients (Milan Study)

A significant decrease in recurrence rate was ohsaerved at 12




months of follow up in treated postmenopausal patients, bui not at
36 months or filve years. Bonadonna and Valagussa now suggest that
the apparent lack of bemnefit in thils group was erroneous and was a
result of the lower dosages ol chemotherapy which were adminilstered,
.in an attempt to reduce toxicity. In a retrospective raview, the
authors found that those postmenopausal women who received full
doses of treatment did in fact have a significantly greater five
year survival {p < 0.05) than untreated controls (Bonadonna and
Valagussa, 1981).

This argument is not convincing. The numbers of patients
concerned in this retrospective analysis were small: only 20
postmenopausal women had received a full course eof therapy of whon
only nine had been followed up for five years. Furthermore,
disparities could have occurred in other uundeflined variables, which
conceivably could have contributed to the observed difference.

These luplications then, councerning drug dosage are
inconclusive and it is conceivable that the observed advantage of
therapy in postmenopausal patients could have been due to a
temporary growth inhibition.

b) Patients with 4 involved axillary nocdes

Relapse free interval was prolonged for only a temporary
interval smong premencpausal women In this category in the Thiotepa
study and also in all such patients in the Milan project.

It might be argued that patients with significaut nodal
involvement could have a large residual tumour burden which is
beyond extirpation by such measures, that palliation would be the

best that could be achieved and that cures would only be possible in




those with ‘minimal residual cancer’. This argument 1s almost

impogaible to test. Patlents with ‘minimal disease’ following

mastectomy eg. node negative patients, have a high survival rate

(about 80% at five years) and certain authorities would feel that

exposure of such patients to the hazards of therapy is nolk justified
{leading article Lancek, 1981; Carter, 1981). A very large number
of patients would have to be treated and followed for a prolonged
interval, before any significant advantage could be deuwonstrated.
To date, therefore, adjuvant chemotherapy has had the effect of
simply delaying recurrence in certain patient subgroups. Further
follow up is requlired to ascertain whether a true eradication of

micrometastases has been achlieved in others.

2. Does adjuvant chemotherapy convey a true survival advantage?

This question follows in logical sequence to the last and will
be the eritical test of the principles and rationale of adjuvant
treatment. We must be concerned only with a persistent survival
advantage and not simply with a short term benefit in treated women,
when compared with untreated controls. Such a short term survival
advantage was demonstrated for adjuvant Thilotepa, in premenopausal
women with > 4 nodes in the NSABP study (Fisher, 1968). The crucial
question, which was unanswerad by the NSABP study, is whether
treatment at the time of recurrence will equaligse the 1ife intervals
in each group, The recent data from Milan has attempted to resolve
this matter (Rossi et al, 198l). Secondary systemic therapy was
gliven at recurrence to both study arms, but a small proportion of

patients in each arm did not receive it. Thus, secondatvy treatment




was glven to 91.3% of controls and 23.9% of the adjuvant group, on
detection of recurrence. Various treatment modalities were glvem to
variable proportions of the patients but the majority (approximately
60%) in each group receilved secondary chemotherapy alone for their
recurrences. Control patients received UMF and the adjuvant group
were given Adriamycin and Vineristine at relapse. All analyses
pertaining to secoundary treatment were confined to these patients.
The rate and duration of response te this secondary chemotherapy
were comparable in both study arms and the authors concluded on this
basis, that the overall survival advantage of the adjuvant patients
was due to adjuvant CMF and that secondary therapy at recurrence,
had 1little influence.

A closer analysis of the Milan data raises doubts about these
conclusions. When the survival of the samc groups of women, who in
both arwms received secondary chemotherapy for recurrence was
considered, it was shown thai the control group fared better,
Median survival from the time of mastectomy was 55 months for
controls but only 50 months for the adjuvant group (Table 1 : I,
Rosel et al, 1981). Thus, when that proportion of the patients who,
in both study arms were followed from mastectomy and given similar
systemie therapy at relapse {(chemotherapy) were considered
separately it became c¢lear that the adjuvant patients fared worse.
With that observation, it becowmes difficult to account for the
favourable survival advantage of adjuvant patlents in the study
considered as a whole. It is possible that survival differences in
favour of the adjuvant group as a whole could be entirely due to

differences in the minorlty of women in both study arms who received




Table 3 : T

Median survival in patients with relapse (months)

From flrst relapse From radical mastectomy
Controls 38 55
CMF Group 30 50

Reproduced from Table IV Rossi et al, 1981




no systemic therapy at relapse. In this minority, we would expect
the adjuvant group te have a better outlook, since they received
systemilc treatment at mastectomy, controls reéeived none and
treatment ought to be better than no treatment frrespective of when
1t is given.

The numbers of patients who receilved salvage therapy at relapse
were not revealed in this study and the important question of
whether adjuvant chemotherapy conveys a true survival advantage
must be regarded as being unanswered, Preliminary data does not

appear prowising.

3. Is the toxlcity justifiable?

It 1s impossible to make an objective judgment om this question
without a conclusive answer to the last. FRarly toxicity is
considerable (Table 1 : II). Palmer et al (1980) reported side
aeffects which were sufficilently severe to interfere with lifestyle
in 79% patients receiving a multiple drug regimen {Chlorambucil,
Methotrexate, Fluorouracil, Vineriastine and Adriamycin). Twenty-
nine percent volunteered that the treatment "could never be gone
through again”,

Late complications require further patient follow up for fuill
evaluation. In particular, Rossi et al (1981) reported an equal
incidence of second cancers between treated and control groups and
no cases of acute leukaemia. One of the treated patients, however,
has already developed a fatal acute leukaemia which was considered

to be due to adjuvant therapy (Rizzo et al, 1981).




Table ) : IT

Toxic manifestations of CMF

Leukapenia %
2,500 - 3,999 : 67
< 2,500 4
Thrombocytopenia :
75,000 - 129,000 57
< 75,000 14
Alopecia 55
Cystitis 28
Amenortrhoea 54
Oral mucositis 18
Conjunctivitis 25
Vo toxicity 4

Reproduced from Table IL!I {Bonadonna et al, 1976)




Hormonal Therapy as Adjuvant

The mechanism of oestrogen action and cestrogen deprivation ;

The response of target tissues to cestrogen is related to the
presence of cytoplasmic receptor proteins which bind oestradiol as
it enters the cell with selective high affinity (Jeunsen and De
Sombre, 1973). The binding of the hormone to the receptor forms &
complex which migrates to the nucleus where it reacts with specific
acceptor sites in the chromatin., Here, the nuclear oestrogen
receptor complex initiates a series of events on the DNA template
which lead to production of macromolecular components essential for
continueed cell maintenance and function and also to LNA replication
and cell division (Griffiths and Nicholson, 1981)., See Fig. 1 : 8)
Thus, any process involving suppression of cestrogen production or
oestrogen blockade at cellular level would lead to tumour
regression. The actlons of ovestrogen are therefore specific to cells
which possess the receptor and processes of oestrogen deprivation
are similarly specifice A&s a consequence, therapeutic sidc effects
are less severe than with non specific cytotoxic agents. Thus good
quality remlssions, which are often prolonged may be induced in
approximately 30% patients with advanced breast cancer (Stoll,

1969).

Principles of hormonal therapy gfv'adjuvant'

An experimental basis for the use of adjuvant hormonal therapy
has been elaborated from observations on the rat mammary model. Tt
has been shown that a proportion of induced rat mammary tumours can

be extinguished completely by anti-oestrogen therapy (De Sombre and
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Diagrammatic representation of oestrogen effects

within the target cell: oestradiol binds to cytoplasmic
receptor and the complex becomes translocated to the
nucleus where it alters the DNA template. Messenger
(MRNA) and ribosomal RNA then enhance the production
of protein components essential for cell maintenance
and function.

(Griffiths and Nicholson, 1981)
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Arbogast, 1974). Tumours which are early in the course of their
development are most likely to have the most complete response to
cophorectomy or anti-ocestrogen therapy (Griswold and Green, 1%70; De
Sombre and Arbogast, 1974) which suggests a "dose-response”
principle, similar to that of adjuvant chemotherapy. However, the
criticisms already mentioned of principles elaborated from animal
models also apply in this context. Nevertheless, it would seem that
hormonal treatwment, with its relative lack of slde effects would
comprise the ideal modality to be used as an “ad juvant’. Various

trials have been conducted and will be reviewed briefly.

Ad juvant hormonal therapy - The trials

The first trial to incorporate hormonal therapy as an
"ad juvant" measure, was conducted by C.W Taylor in Boston betwean
1935 and 1939, Taylor had previously shown the therapeutic value of
a "radiation menopause’ 1n premenopausal patients at recurrence.
This treatment, interestingly, was particularly useful for bony
metastases. He then treated 47 premenopausal patients by routine
"radiation castration” at mastectomy until 1939, but was unable to
demonatrate any difference in the incidence of recurrence between
treated patients and a historical control series of 50 premenopausal
women and concluded that prophylactlic castration was not
advantageous (Taylor, 1939),

Kennedy et al (1964) in a review, reported a prolongation of
disease free interval in a group of women who received “adjuvant’
cophorectomy, but oophorectonmy at the time of recurrence in the
untreated group equalised matters so that the net effect upon

survival was the same,




0f particular interest are the results of five randomised
prospective trials. Nevinney randomised one hundred and forty-three
patients to oophorectomy within one month of mastectomy or to be
delayed until recurrence. Patients receiving the adjuvant
ocophorectomy had a decreased rate of recurrence (32% vs 46%) and a
slight survival benefit, but differences were not statistically
significant (Nevinney et al, 1969). The NSABP project evaluated
prophylactic oophorectomy in a multicentre trial which involved 154
patients and 82 controls followed up for 36 months. Patients who
were at high risk of recurrence, viz. > 3 involved axillary nodes
derived a transient benefit and the investigators concluded that
results were disappointing and that no further studies of this
modality were warranted (Ravdin et al, 1970). DNissen-Meyer (1965)
reported a favourable proliongation of disease free interval and

survival in postmenopausal women treated by adjuvant oophorectomy

and a small dose of predmnisolone, but this finding was not confirmed
by Meakin in Toronto who reported no benefit in pestmenopausal
women, Meakin’s study had more than two arms, and some patients
received prednisolone 1in addition to a ‘radiation menopause’.
However, 67 patients received a prophylactic x-ray castration only
and these patients enjoyed a prolonged recurrence free interval and
survival, when compared to 70 controls but again differences failed
to achieve statistical significance (Meakin et al, 1979).

All four of these studies may be justly criticised on the
grounds of small numbers and short intervals of follow up. The most
complete study of ‘adjuvant’ castration was conducted in Manchester

and began in 1948, 1In this study patients were randomised to have




either a radiation induced artificial menopause, shortly after
mastectomy, 0¥ no treatment until the development of recurrence
{Cole, 1964). Twenty percent of the patients iIn this study had
locally advanced disease, but fortunately, these were analysed
separately and we shall consider only the 596 women with operable
breast cancer. A radiation menopause significantly delayed the
onset of distant metastases and this was reflected inan improved
survival at five vears, compared to the control group, which
approached significance (p = 0.07). At tewn years of follow up,
however, there was no survival difference (Cole, 1968) possibly due
to the egualising effect of therapeutic castration at the time of
YeCUIrrcncc.

Thereflore, in spite of five randomised trials it is still aot
known whether adjuvant oophorectomy is of benefit to patients with
primary breast cancer. The results indicate a delay in relapse for
some patients, but there may be no survival advantage of ‘early’
prophylactic treatment over treatment delayed until the time of

recurrence.




Current Therapy of Early Breaet Cancer

Success and Fallure

Local treatment

Surgical removal of the breast bearing a tumour is the mainstay
of therapy for early breast carcinoma (Nemoto et al, 1980). Whethe?
or not supported by other local measures, this treatment prevents
local advancement of the cancer and is assoclated with a prolonged
survival in 20 -25% of women (Brinkley and Haybittle, 1968; Adair,
1974) although the variable malignity of the neoplasm may have some
influence upon the apparent "cure" rate. While successful in
preventing ulceration, fungation etc. this treatmeant clearly falls
in its prime objective of cure, in the majority of women. The
principles of local treatment methods, wrongly based upon an orderly
sequence of events in the progression of breast cancer have failed
to embrace either the systemic nature of the disease or its variable
biology and with the benefit of hindsight the fallures of local

therapy can come as no surprise,

Adjuvant systemilc therapy

Ad juvant therapy of various means has consistently prolonged
disease free interval (Cole, 1968; Fisher et al, 1976; Bonadonna et
al, 1976) although cytotoxic regimenes achleve this end at the cost
of considerable side effacts.

A physical prineiple governs the use of adjuvant therapy in
breast cancer. Curable cancer is thought to differ from incurable
cancer only by virtue of its bulk. Cure is theoretically related to

the concept of a "eritical tumour load” and is thought likely to




cceur only in that nebulous Interval when the residual "critical
load" of cancer is amenable to extirpation by non specific cytotoxic
or other agents (Skipper, 197!; Schabel, 1975). This principle was
‘elaborated from animal models (Shapiro and Fugman, 1957; De Wys,
1972) but the gross variatinn-of tumour behaviour in humans (Bloon,
1968; Pevitt, 1971) casts doubt on the reliability of concepts
derived from observations on homogeneous strains of cancer cells in
the experimental animal.

Nevertheless, in the general concepticen of breast cancer, the
physical principle of adjuvant therapy has largely superseded the
anatomical principle of radical surgery. Neither take note of the
variable nature of breast cancer, Other analogles can be drawn.
Failures of radical surgery have heen attributed to an inadequate
cxtent of resection (Sugarbaker, 1964; Wangenstcen et al, 1956) and
fallures of adjuvant chemotherapy to inadequate doses (Bonadonna and
Valagussa, 1981)., Doses are currently being increased and treatment
time extended. Both radical surgery and adjuvant therapy do convey
some benefits:- a reduced rate of local recurrence and a prolonged
disease free interval, respectively. As with radical surgery thc
surgeon wust weigh the benefits of adjuvant therapy against its
morbidity., The main objective of adjuvant therapy i1s cure, by the
eradication of micrometastases (Schabel, 1975) which ought to be
reflected in a true survival advantage, This objective i1s still
unproven, but as discussed above preliminary data from certain

trials are discouraging {(Cole, 1968; Ressi et al, 1981).




Chapter 2

BTOLOGICAL VARIATION OF BREAST CANCER




Biological Variation of Breast Cancer

When compared to the weight of effort and expe;tise which have
heen invested in the study of other aspects of breast cancer, this
important subject has received relatively little attention. Eggers,
De Cholnoky and Jessup (1941) in the attempt to explain the
relatively favourable outlook for patients Im thelr series who
presented with breast cancer after a two year delay, drew atfention
to the variable clinical progress of the disease and emphasised
that a range of malignancy existed. MacDonald, in an elegant
article published ten years laterxr; wade the suggestion that
"variatious in biologlcal behaviour generally may be of
determinative importance in respect to the possibility of
therapeutic control of an individwal neoplasm' and thus formulated
his theory of ‘Biological Predeterminism’. This author cited cases
of bulky, locally advanced tumours of the breast, still apparently
confined to their site of origin after a duration of 10 years as
exanples of ‘biological predetermination” at work and made a plea
that treatment methods be designed to take account of the "complex
biological nature of cancer" (Machonald, 1951), A similar theme was
explored by Park and lees Iin the same yvear, who emphasised that the
“bivlogilical phenomena’ of breast cancer, in particular the
metastasising potential, direction of spread and rate of growth were
very variable but that these factors were likely to have a greater
influence upon survival than surgical therapy (Park and Lees, 1951).

Other authors have xelated certain patterns of the clinical
course of the disease, to survival and a number of clinically

relevant observations have emerged, viz.




1. A prolonged recurrence free interval tends to be associated with
a prolonged overall survival (Shimkin et al, 1954; Cutler, Asire and
Taylor, 1969).

2. The anatomical site of secondary metastasis 1s an Iimportant
prognostic factor: patients with bone metastases have a better
outlook than those with predominantly visceral secondaries (Shimkin
et al, 1954; Devitt, 1971).

3. A response to systemic therapy at relapse, particularly to
hormonal therapy, conveys a survival advantage (Taylor, 1962).
These three aspects of clinical beliaviour are recognised
determinants of prognosis and appear to be ianterrelated. It has
been shown that responders to endocrine therapy have a longer
disease free interval than non responders and patients with bony
secondaries are three times as likely to respond to this modality
than those with visceral metastases (Taylor, 1962). Thus, 1t is
concelvable that the intrinsic bioclogical nature of the cancer
determines behavioural patterns, Lhat patients with favourable
tumours have a long disease free interval, develop metasktases at
favourable secondary siltes and have a good rate of response to
secondary endocrine therapy.

The prognostic significance of the physical extent of cancer,
as reflected in the clinical estage, has long been recognised
{(Shimkin, 1954)., Devitt has suggested that the cllnlcal course in
individual patients can he predicted accurately 1f both clinical
stage and clinical observations pertaining to growth behaviour, viz,
recurrence free interval and anatomical sites of secondary

metastases, are taken into account (Deviter, 1976). Thus, it would




appear that the Lntrinslc nature of the neoplasm hag an important
influeunce upon clinical disease patterns and its prognostic
significance may be separate from that of conventional staging

methods.

Markers gﬁ.hiological variation in breast cancer

Certain ‘intrinsic factors’ have been identified in primary
breast cancers and have been related to various natural phenomena
which occur during the mastectomy to death interval of patients with
the disease. In particular these markers have been related to
prognosis, both to disease free interval and survival. Such markers
have been identitied by diverse methods, often by painstaking and
logical process, oftem by chance and their number becomes
exhaustive. For the sake of clarity, therefore, I have catepovrised
them in the following arbitrary manner (Table 2 : I) and shall offer

a briel review of their reported clinical value.
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Table 2

i

Markers of Biological Variation of Breast Cancer

Morphological Features a) Tumour differentiation

b) Tumour type

c) Other factors
‘Invasiveness’ - Parenchymal,
lymphatic, vascular,

tumour necrosis

Cellular Products

i} Steroid receptors
ii) Prostaglandins
iiji) Other ~ caseln, lactalbumin

tumour asscciated antigens

Physical Properties -~ Tumour Cell Kinetics




1. Morphological Features

Histological Differentiation

Even before comprehensive histological classifications of
breast cancer type were developed, a relationship had been noted
between tumour differentiation and prognosis. Dennis (1891) notad
that "the tumours which show structures departing but alightly from
the normal correspond with the group of case histories that are
favourable .e.es tumours which show a great departure from the
nornal sttructure correspond to unfavourable case histories ... the
more typical the structure the better the prognosis, the more
embryonic the structure, the greater the liability of recurrence™.

Von Hansemann {(1893) estimated the degree of “anaplasia" by the
loss of glandular arrangement of the cell, and the number of wmitoses
and concluded that the greater the degree of anaplasia, the greater
the tendency to form metastases, Greenough (1925) was the first to
segregate breast cancer inte three grades of malignancy on the basis
of the degree of tubule formation, variation Iin size and shape of
the nuclei and the number of wmitotic figures. This author related
these categories to prognosis in 73 women and noted that 68% of
those with Grade I (well differentiated) cancers were alive at five
vyeard whereas none of those with Grade IIT (poorly differentiated)
tumours survived for that interval. Scarff aud Patey (1928) aud
Haagensen (1933) used similar criteria for grading and arrived at
slmilar conclusions. Twenty years later, Bloom (1950) renewed
interest in this method and used a scheme of summary scores for each
of the three epithelial elements ldentified by Greenough (tubule

formation, pleomorphism and mitoses) to designate three grades of




malignancy: (well differentiated =- Grade I, mwmoderately
differentiated — Grade II and poorly differentiated — Grade ILI).
Rloom and Richardson (1957) graded the breast cancers of 1,544 who
had presented to the Middlesex Hospital, between 1936 and 1949 for
whom five, ten and fifteen year survival rates were availahle, and
found a strong correlation with survival (Table 2 : II).

$imilar findings were reported by Tough et al (1969) and by
Elston et al (1980} in a study of 205 patients from Nottingham.,

Grading has been criticised on the grounds that its assessment
is subjective., Champion et al (1971) reported wariance of opinion
between two observers in 18% cases, Nounetheless, grading by either
observer offered usceful prognostic information. In Bloom and
Richardson’s series (1957) each observer cross chacked the others
grades independently and agreement was reached in over 90% cases.
Similarly, TFisher et al (1980) experienced no wmore than 10% Inter-
observer variation within a single institution. A further criticism
of grading is that variation in the histological appearance occurs
in differenrt parts of the same tumour (Willis, 1967). However,
Bloom (1950} reported that different sections from the same tumour
have a comparable grade of malignancy and a total individual pattern
can be recognised. Tough et al (1969) found that grading was
jmpoessible due to variation within the same tumounr, in only 1%
cases.

Histological grading has been recognised as an important
prognostic discriminant by the World Health Organisation (Scarff and
Torloni, 1968), but it has not yet achieved the widespread

acceptance that it deserves.




Tahle E.:.EE

Relatiouship between tumouy differentiation amd prognosis

Tumour
Grade

II

IIT

Patients
(%)

26

29

Survival (%)

5 years ig_years .li years
75 53 31
47 27 18
32 19 10

{Bloom and Richardson, 1957)




Histological Tumour Type

The differences of clinical course assoclated with in situ and
jinvaaive breast cancers demonstrate the optimum prognostic yield
from histological tumour typing {(Rosen ot al, 1980). However, in
sltu carcinomas ought to be regarded as a different entity, and
histological typing is less valuable for invasive cancers. While
papllliary, colloid and tubular carcipnomas are assoclated with a
better clinical course than average (McDivitt et al, 1968), these
are rare, each accounting for less than 1% of the total of invasive
breast cancersg (Fisher et al, 1975), It is of interest that tubular
and colloid cancers tend to be histological Grade I (Bloom, 1957;
Fisher et al, 1975). Medullary cancers are frequently considered to
have a favourable cutlook but in fact they comprise a heterogeneous
group. That subgroup which is identified by well defined margins
and a marked lymphoid iunfiltrate have z good prognosis but the
remainder, termed atypical medullary carcinomas by Fisher, have a
less favourable prognosis than average (Fisher et al, 1975). By far
the majority of breast cancers (approximately B80%) are ductal.
Fisher separated this group into pure ductal (50%) and ductal with
other features (30%), yet found no prognostic difference between the

two (Fisher et al, 1973).

Other Histological Features

It is an attractive assumption that the proliferative potential
and invasive activity of breast cancers can be directly visuvalised
in fixed sections., Certain authors have attempted to relate various
histological appearances to aggressive forms of tumour behaviour and

ultimabely to prognosis.




Infiltrative tumour borders

Lane and associates {1961) held that the degree of infiltration
at the tumour border was of prognostic significance and demonstrated
an impressive 10 year survival of 80%Z for tumours with a well
delineated margin (n = 40) compared to only 38% for those with an
infiltrative margin (n = 158), Patient groups were relatively small
in this study and other workers have failed to confirm these
findings (Hamlin, 1968; Silverberg et al, 1971).

Lymphatic invasion

Fisher reported lymphatic invasion within the tumour itself imn
one third of cases, hut felt that this feature was possibly present
in a further 23% cases, This feature was frequently present in
poorly differentiated tumours and was assoclated with short term
treatment failure, ie. a short recurrence free interval (Fisher et
al, 1975),

Vascular invasion

Weigand et al (1980) stained sections of 155 cancers for
elastic tissue and found blood vessel invasion in 60 (38%).
Patients with cancers in this category had a short subsequent
disease free interval. BHowever, Fisher outlined the difficulties of
identifying hlaod vessel invasion in that elastin staining was an
unreliabhle means of distinguishing blood vessels from mammary ducts
in paraffin sections sinece the latter also contain a proportion of
elastic tissue. By reliance on classical criteria, of fibrin
thrombus or endothelium on the surface of any mass of cancer cells
within a lumen, as evidence of vascular invasion, Fisher found an
incidence of only 4.7% of this ahnormality and was unable to

dewmonstrate any prognostic significance (Fisher et al, 1975).




Tumour necrosis

This Ffeature is regarded as a classical mavker of malignant
transformation (Willis, 1967) and confers a small unfavourable
effect upon prognosis in invasive cancers. Tumour necrosis is
present in some degree in two thirds of all cases of breast cancer
but the more marked degrees are associated with the most mallgnant
histological grade (Fisher et al, 1975), It has no prognostic

significance, however, in intraduct cancers.

Conclusions

From a review of the literature pertaining to histomorphic
prognostic factoxs it is apparent that all of the factors have some
value if used in isolatiom.

Histological typing will identify certain rather rare cancers
assoclated with a good prognosis but does unot permit any
stratification of the vast majority of cancers which fall into a
single pathological and proguostic category {ductal carcinomas).
The "other" factors have some prognestic significance but their
identification is subjective and results are variable.

Histoleogical grading, on the other hand appears to be a simple
and reproducible system of prognostic stratification. This method
would also detect those cancers whose histological type was
associated with a good prognosis {(colloid and tubular cancers tend
to be histological grade 1) and also those with "other" unfavourable
featuras {(lymphatic invasion and tumour unecrosis tend to occur with
poor histological grades), assoclated with a poor prognosis.

Thus it seems possible that grading may obviate the need for

other histological markers in this context,




2. Cellular Products

Steroid Receptors

1) Oestrogen Receptor (ER): It is interesting to trace the history

of studies of hormone dependence of breast cancer to the discovery
of cestrogen receptors.

Human studies

Schinzinger in 1889 is credited with the first suggestion that
there might be a relationship between the ovaries and human breast
cancer, although he did not put his i1deas Iinto practice. George
Thomas Beatson conclusively demonstrated the therapeuntic value of
surgical oophorectony, in premenopausal women with advanced breast
cancer (Beatson, 1896). Sir Stanley Boyd collected togebLher the
case reports of 54 women who had undergone oophorectomy for a cancer
of the breast and reported a benefit in 19 (35%) - a figure which
has remained relatively constant in most reports ever since (Bovd,
1900). Lett (1905) reported a series of 99 patlents and documented
a temporary improvement in about one third. As techniques of
radiotherapy progressed, ovarian irradiation was introduced and
achieved response rates in advanced disease, similar to that of
surgical oophorectamy (De Courmelles, 1926), Atkins performed a
subtotal adrenalectomy on six patients between 1947 and 1948 and
noted some measure of improvement in two of the women (Atkins,
1966). When cortisone replacements becawme generally available,
Huggins and Bergenstal (1952) were able to carry out adrenalectomy
with greater safety, and with good therapeutic effect, Luft and
Olivercrona (1953} published the first account of successful

remlssion of the disease following transfrontal hypophysectomy.




However, despite the more radical measures to eliminate
oestrogen synthesls, response rates did not improve. Stoll (1969)
and Hayward {(1970) were unable to demonstrate any correlation
between gquantitative changes in oestrogen synthesis following an
ablative procedure and the degree of clinical respouse.

Paradoxically, additive hormones have been shown Lo be
therapeutic in advanced breast cancer. Haddow et al (1944) reported
temporary retardation of tumour growth in 10 of 22 women, with
advanced cancer treated by triphenylethylene, and in 5 of 14 women
treated by Stilboestriocl. 1In the same year, results of treatment of
10D cases of advanced breast cancer by Stilboestriol were reported
by Ellis et al (1944), Seventeen of 52 patients over the age of 58
years had shown improvement, with apectacular success in some cases.
No patient under the age of 58 years had shown spectacular
improvement, although some bencfit was noted in abaut one fifth.
With further experience Stilboestriol became the drug of choice in
the treatment of advanced cancer in postmencpausal women.

Animal studies

Leo Loeb demonstrated that an early oophorectomy (before three
months of age) in a strain of mice with a naturally high incidence
of breast cancer, caused a fall in the rate of cancer development
{Loeb, 1919), Laccassagne published & report describing the
development of breast cancer in male mice injected with oestrone
benzoate (Laccassagne, 1932). Shimkim and Wyman (1945) reparted a
reduced incldence of murine breast cancer following a2 billateral

adrenalectomy with oophorectomy.




Predictlion of response of advanced breast cancer to endocrine

therapy

With the recognition of some relationship between hormones,
breast cancer and therapeutic regression, here came a search for
methods of predicting response, which centred upon two areas.

a) The hormonal ‘milieu’

The studies of R.D. Bulbrook centred upon the hormonal
environment, in individual patients as a means of predicting
response. Bulbrook et al (1960) nmeasured androgen and
cortlcosteroid metabolites in the urine of patients with breast
cancer, A discriminant function was devised from the ratlo of the
metabholites: a high titre of aetiocholanone and a low titre of 17
Hydroxy corticosteroids (positive discriminant) was associated with
a good response to ablation. Havward aund Bulbrook (1968) later went
on to relate this discriminant to incidence and prognosis of breast
cancer, and those with a negative discriminant had a reportedly
worse prognosis.

The specificity of this test was called into gquestion however,
by Durant and Miller (1973) who reported a reduced excration of
androgen 1n patients with disorders other than breast cancer viz,
hepatlc disorders, advanced non mammary cancers etc., the
implication being that the discriminant function merely represented
a non specific reaction Lo stress.

b) Biological characteristics of the target tumour

A great deal of effort hag been ezpended in the investigation
of the hormonal responsiveness of tne cancer itself. TFolca and his

colleagues (1961) advanced our knowledge with an elegant study which




concerned 10 patients. The investigators demonstrated that a
proportion of breast cancers (four of the ten) had the ability to
trap labelled ovestrogen {tritiated hexoestrial) and that the
patlients with these cancers had a good response to endocrine
therapy. Ling, Cowen and Inman (1965) demonstrated selective
trapping of tritiated oestradiol by hormone responsive DMBA induced
mammary cancers, in Sprague Dawley rats. Toft and Gorskl advanced
our knowledge further when they isolated a macromolecular component
from rat uterl which had the characteristics of a specific aestrogen
receptor. In this experiment, the Investigators injected tritiated
cestradiol intraperitoneally, in experimental rats and demonstrated
selective hinding to a macromolecular component in the uterus. No
uptake was deteccted in hormone independent tissue (serum or
intestine). Because of the sedimentation rate of this mclecule, its
specificity in bianding and its sensitivity to proteolytiec enzynmes,
the authers postulated that the receptor molecule was a large
protein (Toft and Gorski, 1966), Korenman and Dukes (1970) are
credited with the first demonstration of the presence of ocestragen
receptors in human breast caucer. Using a method of sedimentation
analysis, similar to that emploved by Toft and Gorski, the former
invertigatars demonstrated inm 15 patients with breast cancer, that
certain of the tumours had high concentrations of specific oestrogen
binding protein when compared to the quantities found in fat or in
the uninvelved gland. Further studies confirmed this preliminary
data, Feherty et al (1971) demonstrated the presence of oestrogen
receptors in 37 of 53 breast cancer specimens (70%) with higher

concentrations in postmenopausal patients., Witliffe et al (1971)




was able to demonstrate the presence of receptors in only 37% breast
cancers (29 of 75) but confirmed the tendency for higher
concentrations to occur In lesions of postmengpausal patients.
Jensen et al {1973) first demonstrated the clinical value of
receptors in human breast cancer by correlating the presence of
oestrogen receptor with a high rate of response to endocrine
therapy. These findings were confirmed by numerous investigators,
whose data were suumarised by McGuire ek al (1975): the presence of
oestrogen receptor in target cancer 1ls associated with a high rate
of response to hormonal measures {50 ~ 607%) irrespective of the type
of endocrine treatment but more importantly very few patients (K

10%) with receptor negative cancers respond (McGuire et al, 1975).

Oestradiol =~ receptor interaction at cellular level

The xeceptor for oestrogen is a large proteln molecule present
in cell cytoplasm. Oestradiol passes inte the cell by simple
diffusion and binds to the cytoplasmic receptor, which undergoes a
structural change before bBecoming transferred to specific acceptor
sites 1n nuclear chromatin, Once bound, the nuclear complex
initiates and integrates series of transcriptional events on the DNA
template leading to productlion of other macromolecular components,
many of which are essential for cell malntenance and function. One
of these macromeclecular “end products’ is the progesterone receptar

(Fig. 1 : 8) (Griffitlhs and Nicholson, 1981).

Qestrogen receptors and prognosis

Terenius et al (1975) First correlated ER with progmusls, when

they reported that the Interval between recurrence and death, in a




small series of patients was shorter in those with ER negative
breast cancers, bulb surprisingly this group of women had a longer
disease free interval than those with ER positive cancers (Terenius
et al 1975). In a series of 41 patients, Singhakowinta et al {(1975)
reported a favourable survival advantage and a longer recurrence
free interval for patients with ER positive tumours although the
differances did nat reach statistical significance. A similar trend
was noted by McGuire et al (1975} but contrary fiadings were
reported by Leclerq et al (1973) and CGorlich and Heise (1975)., Walt
et al (1976) reported a mean survival from mastectomy to death of
40.5 months for EX positive cancers and 27.2 months for ER negative
cases.

Patient numbers were small in all of the above studies. 1In
addition receptor assays were performed largely on biopsies of
metastatic tumour and an element of selection must have heen
involved, in that patients whose metastases were inaccessible for
biopsy would have been excluded from the analysis. Kuight et al
(1977) are usually credited with the first large study to relatc ER
in the primary cancer to proguosis. Iun a serles of 145 women in
whom ER estimations had been performed upon the primary tumour, the
authors veported a favourable prolongation of recurrence free
interval in patients with ER positive primaries although differences
only reached sgignificance in that group with four or more involved
lymph nodes. In this study, however, patients with positive lymph
nodes had received a variety of adjuvant regimens and thils treatment
was gilven to a proportionately greater number of patients with ER

positive primary cancers, which almost certainly biased results.




The first study relating ER status of the primary cancer to
recurrence free interval in patients who remained untreated after
mastectomy came from Nottingham, In an analysis of the data
concerning the first 300 patients in the study, at 18 months median
follow up, Maynard et al (1978a) reported a significant prolongation
of the interval to a wmajor recurrence in patients with an ER
positive primary cancer, when compared te patients with ER negative
tumours (p < 0.05), ER status was unrelated to the degree of lymph
node involvement, but its effect in terms of differences in
recurrence free interval became more marked in those wilth involved
nodes (p < 0.025 for patients with axillary node iovolvement and p <
0.001 for apical or internal mammary node metastases). Rich et al
(1978) demonstrated a similar relationship of ER in the primary
cancer to recurrence free interval, but no statistical evaluation of
significance was given.

A parallel study to the Nottingham scries has been conducted
from Liverpool since 1975, in which tumours were harvested, stored
and assayed for oestrogen receptors in a similar manner. The
findings of that study were similar to Nottingham data. In an
analysis of data relating ER in the primary cancer to disease free
interval in 286 women who remained untreated after mastectomy, Cocke
et al (1979) reported a significant prolongation of disease free
interval for ER positive tumours (p < 0.001). The authors also
noted that ER status was independent of lymph node involvement, but
patients who were free of nodal metastases with ER negative tumours

had the same high rate of recurrence as all women with pesitive

axillary nodes.




In a previous report from Nottinghawm, Bishop et al (1979),
noted a survival advantage for postmenopausal women with ER positive
primaries (p < 0.025). Rather gimilar results were reported by
Hahuoel et al (1979) who in a study of 335 patients found significant
differences in both recurrence freec interval {(p < £.05) and survival
(p < 0.01) in favour of patients with ER positive primariles. This
author alsoc noted that the effect of ER on recurrence free interval
was maximal in the first two years after surgery but gradually
dissipated thereafter, although the survival difference persisted.
A similar observation was made by Furmanski et al (1980) who noted
that differences in recurrence rates were most marked between ER
positive and negative groups up to 30 months after surgery, but the
rates converged thercafter until at 40 months no difference existed.
Blamey et al (1980}, fyrom this centre, reported no difference in
recurrence free interval between ER positive and nepative primaries
in 250 women who had been followed for & minimum of 30 months,
whereas a previous report at 18 months median follow up had noted a
difference which was significant at the 957 level of confidence
{Maynard et al, 1978a). A significant survival difference
persisted, however, Samaan et al (1981) reported a difference in
disease free interval between ER pousitive and negative groups only
in prewenopansal women (p < 0.05) bubt a survival advantage was
evident for all women in the series with ER positive primaries (p <
0.05). Croton et al (1981) ol the Liverpcol group reported a
significant survival advantage (p < 0.001) for all women with ER
positive primaries.

Hormone dependency of breast cancer may be distributed along a

continuous gradient and thue qualitative assessment of receptor




status by some arbitrarily defined valwe may be mislecading
(Paridaens et al, 1980). In a recent report, Godolphin and
colleagues (1981) reported a correlation between ER concentration in
the primary cancer and disease free interval. The associatioa with
aurvival was even stronger: a linear trend of increasing survival
was noted through variation of ER coucentratlon from < I to > 260
fmoles/mg cytosol pratein. The authors noted that ER and TNM stage
{TNM was assessed by clinical measurements rekrospectively) were
independent and that ER concentration was as strongly assoclated
with survival as stage,

A1l studies are in agreement that thetre is no relationship
between ER activity and measures of clinical stage such as tumour
size (Rosen et al, 1973; Millis, 1980; Cooke, 1982) or lymph node
involvement (Maynard et al, 1978; Millis, 1980). Thus ER is
independent of tumour bulk and the prognostic interaction of both
factors is additive (Maynard et al, 1978; Blamey et al, 1980; Cooke

et al, 1982),

Oestrogen receptors and tumour morphology

Oestrogen rccepltor status of breasat cancer has been related to
various tumour rLypes and histological featurea. 1t has been shown
that lobular carcinomas tend ta be ER positive (Rosen et al, 1975;
Eusebi et al, 1978) as do mucinous, tubular and papillary cancers
(Meyer et al, 1978; Flsher et al, 1980)., HNuclear pleomorphism is
assoclated with low ER levels (Fisher et al, 1980).

Of greater inierest is the relationship of ER to histological

differentiation. The majority of studies weould support suech a




relationghip but the strength of that association is controversial.
It is noteworthy that no correlation was found in two relatively
small studies by Rosen et al (1975) or by Rich et al {1977) in
saries of 120 and 50 patients respectively. Several studies have
found a tendency for poorly differentiated tumours to be ER
negative, but this trend failed to reach statistical significance
(Maas et al, 1975; Pich et al, 1978; Cooke et al, 1982). Two
publicaticns from MNottingham have emphasised that a highly
significant relationship exists between the two parameters, that
well differentlated (grade I) cancers tend teo be ER positive, both
in postmenopausal women and in all women in the study (Maynard et
al, 1978h; Elston et al, 1980). Others have since published
findings in agreement (Fisher et al, 1980; Millis, 1980; McCarty et
al, 1980). 1In a study of 207 tumours, Thoresen et al (198l) noted a
highly significant relationship between the two guallitative
parameters, but guestiovned the biological significance of the
relationship on the grounds that the measured ER values Iin the
receptor positilve group, were similar in cach histological grade.
Thoresen’s study may be criticised on two counts, however. TFilrstly,
in any test of cotrrelation of quantitative variables, all values of
the variables should be considered. The investigators in this study
excluded the cases (approximately 40% of the total) with a value of
ZEeTro. Secondly, statistical analysis was erroneous: the
distribution of ¥R values was extremely skewed but simple parametric
tests, which are inappropriate for this type of data, were used.
Data provided was too scanty for independent statistical analysis

and this stady must be regarded as being inconclusive.




b) Progesterone receptors

Like oestrogen raceptoars, progesterone recepltors (PgR) were
identified and investigated as a means of predicting response to
endocrine therapy in patients with advanced breast cancer.

When a hormone dependent <¢ell undergoes malignant
transformation it mipht retain part or all of its regulatory
mechanisms by which the endocrine system influences its activity.
Thus a successful endocrine effect and 1n particular, a successful
application of endocrine therapy might be dependent upon a complete
regulatory pathway. As outlined previously, oestrogen receptor
binds cestradiol to initiate a sequence of events which in cestrogen
target tissues culminates in protein synthesis. Thus ER constitutes
a marker of only the first step of a hormone regulatory pathway.
However, progeslerone receptors are one of the measurable end
products of hormonal action in oestrogen sensitive tumours (Fig,
1 : 8) and ought to be a better marker of the integrity of
regulatory pathways. Eased upon these hypotheses Horwitz et al
(1975) postulated that progesterone receptors ought to be an ideal
matrker of endecrine sensitivity of breast cancexr. Preliminary
results of some studies relating progesterone recepltors to resgponse
of advanced breast cancer tc hormonal therapy lend support to this
hypothesis (Brooks et al, 1980; Osborne et al, 1980) but others
differ (Manni et al, 1980},

In metastatiec tumonr, a strong Telaticnship has heen
demonstrated belLwsen oestropgen and progesterone receptors in breast
cancer: approximately twoe thirds of ER positive tumours also contain

progesterone receptors (Horwltz et al, 1975; Brooks et al, 1980).




In addition, the likeliheood of a tumour being PgR positive increases
with the measured value of ER (Osborne et al, !980; Skinner et al,
1980). As with ER, no correlation has been observed between PgR and
tumour bulk, ie. tumour size or lymph node Involvement (Millis,
1980), but PgR has been significantly correlated with tumour grade:
PgR negative tumours tend to be poarly differentiated (King, 1980;
Pichon et al, 1980). The precise relationshlp of progesterone
receptors to other variables in the primary cancer rewmalns
uncertain.

Studies relating PgR to prognosis remain at a preliminary
stage. Skinner et al (1980) demonstrated a favourable treand of
prolongation of recurrence free interval for patients whose tumours
contained hoth receptors (ER+/PgR+) dut differences from other
categories were not significant. Pichon et al (1980}, In a study of
105 patients with all stages of breast cancer found a favourable
association between the presence of PgR in the primary cancer and
prognosis: the incidence of all metastases except local xecurrences
were 3.6 times less frequent in the PgR positive than in PgR
negative tumours (p = 0.02). Furthermore, the likelihood of
metastatic spread was 1inversely related to the measured
concentration of progesterone receptor {(p € 0.01). However, the
number of patients with Stage TII cancer was proportionately greater
in the PgR negative group and this 1s very likely to have biased
results. Further data is necessary to validate this important

point.




Cellular products (ii) Progtaglandins

Since the discovery of prostaglandins in extracts of human
seminal plasma and sheep vesicular glands (Von Euler, 1936), a
remarkable list of blological activities have been attributed to
this family of cleosely related compounds. Their role in cancer is
perhaps motre controversial than any other aspect of oncology. In
this brief review two aspects of thelr activity will be considered:
1) Bone resorptlon and hypercalcaemia

2) Tumour growth and metastases.

Prostaglandins, Bone Resorplion and Hypercalcaemia

In 1870, Klein and Ralsz demonstrated that prostaglandins
caused osteolysis with the liberation of labelled calciun (QSCa}
when added to organ culture of embryonic mouse calvaria. Several
exparimental tumours which produce large amounts of prostaglandins,
have been shown to cause bone lysis In vitro (Tashjian et al, 1972).
Santoro, Jaffe and Simmons {(1977) demonstrated that long ternm
intraperitoneal administration of prostaglandin E, caused an
accumulation of ovsteoclasts at the trabecular surface, a fall in the
percentage of trabecular bone and a significant loss of total bone
calcienm in mice. Taehjian (1978) demonstrated that the
transplantable mouse fibrosarcoma HSDNI and the VXZ carcinoma in
rabbits praduce large quantities of prostaglandin E and that this
factor is regponsible for the hypercalcasmia in the animals bearing
these tumours. Hypercalcaemia could be prevented by treating the
animals with the prostaglandin synthetase inhibitor, Indomethacin.

Powles et al (1973) demonstrated that the prostaglandin inbibitor




Aspirin prevented the development of bone metastases in rats
given an Iintraperitoneal injection of Walker fibrosarcoma cells, but
interestingly Aspirin therapy did not prevent the development of
metastases at other sites.

Human Studies

Using an in vitro culture system of human primary breast cancer
explants, with radiolabelled bone fragments, Poewles et al (1976)
reported that tumours with the greatest in vitro osteolytic activity
were most likely to develop bone metastases, but with a longer
follow up, refuted this claim (Dady et al, 198l). 1t has been shown
that breast cancers have a greater capacity ko synthesise
prostaglandins than non-malignant breast tissue (Bennett et al,
1975). This latter investigator also demonstrated that primary
breast cancers which produced the greatest amounts of "prostaglandin
like material" were most likely to be associated with a positive
bone scan at the time of mastectomy (Bennett et al, 1975, 1877),
Bennett’s studies may be criticlsed on two counts, however.
Firstly, his method of bloassay is an insensitive and non specific
measurc of prostaglandine and cannot identify any given type (Olley
and Coceani, 1980)., Hence, Bennett’s use of the term "prostaglandin
like material'. Secondly, bone secondaries were identified only by
bone scanning, which itself can be misleading (Bishop et al, 1979).
The incidence of positive scans (23%) was rather higher than
antlcipated in this series and the possibility of false positives
exist.

In conclusion, there is a great deal of lmpressive evidence

that £ series prostaglandins are potent bone resorbing agents, but




their role in the pathogenesis of bone metastases from human breast

cancer is unclear.

2. Tumour growth and metastases

The role of prostaglandin E, in this highly cowmplex area is
controversial and there are two diametrically opposed views, viz,

a) Prostaglandin E, inhibits tumour cell growth -

There is some impressive evidence for this contention shown by
in vitro experiments in which endogenous and exogenous prostaglandin
E, has dnhibited growth of a number of cell lines including
neuroblastoma (Prasad, 1972), mouse melanoma {Santoro et al, 1976,
1977) and friend erythreoleukemia {Santoro and Jaffe, 1979). The
el fects of PgE2 may be partly reversed by the administration of
prostaglandin dinhibitor Indomethacin, which results in stimulation
of tumour cell growth (Santoro &t al, 1976). Similar effects have
been shown with various tumours in vivo. The admilunistration of
synthetic analogues of PgE2 to mice inoculated with melanoma caused
a delay in the establishment and a reduced size of metastases,
compared with controls. Sarvival was prolonged by PgE2 {Santoro et
al, 1977).

Kibbey, Broum and Minton (1978) showed in a small experiment
that the concentration of prostaglandin E and the activity of
prostaglandin synthetase 1s lower in rat mammary tumours which
metastasise than in other types which do not, Powles et al {(1973)
notad that although the administration of prostaglandin inhibitor to
rats with Walker fibrosarcoma was beneficial in reducing bone
secondaries, it was associated with a non significant increase in

the welght of soft tissue secondaries.




There is no data relating to any growth inhlbiltory effect of

PgE2 in humans.

b) Prostaglandin E, stimulates tumour growth and potentiates

metastases

In contrast with the data quoted above, there is an equally
impressive mass of studies showing that inhibition of prostaglandin
synthesis by Indomethacin or similar agents limits the growth of
tumour in vivo (Humes, Cupo and Strausser, 1974; Plescla, Smith and
Griswich, 1975) and reduces the rate of metastascs and prolongs the
animal’s survival (Lynch et al, 1978; Bennett et al, 1979).

Various explanations have been offered for these discrepancies:

Claesson et al (1980) emphasised the different effects of
Indomathaecin at different concentrations viz. the growth of
fibroblasts was inhibited at low concentration, but the opposite
effect occurred at higher concentrations and the latter effect could
be reversed by the addition of prostaglandin £y« Others have
suggested that the effect of Indowmethacin upon tumour weight may
arise gimply from its anti inflammatory action, due to a reduction
of local oedema (Santaro et al, 1977). However, it is also possible
that other, as yet unidentified factors have a significant influence
upon tumour growth, which in different experimental systems, could
bilas results.

Of greater interest is the relationship of prostaglandin Eqy
syrithesis to tumour growth in human breast cancer, but data in this
area 1s scanty. Bennett et al (197%9) reported that patients whose
tumours produced high amounts of "prostaglandirn like material"

tended to die soonest after mastectomy, but factors such as patient




age and tumour stage were not taken iato account and patient numbers
were small in this study. Indeed the median age (60 years) of the
patients who died within three years of mastectomy was higher than
that of the survivors (54 years) and one could postulate that
prostaglandin production is simply a function of age, and that older
patients had higher mortality rates, Rolland et al (1980) related
high prostaglaudin production to histological features indicative of
a poor prognosis in 105 women with breast cancer, but no data
relating to actual prognosis was given.

In summary, data concerning the role of prostaglandins in the
regulation of tumour growth and development of metastases is
contradictory in the experimental animal studies, and is

inconclusive in human breast cancer.

Cellular products 111) Other factors

Casein and —lactalbumin can be identified by fluorescent or
Immunoperoxidase techniques in approximately 30 - 50% of hreast
cancers but preliminary studies of the relatiomship of these factors
to prognosis have been negative (Walker, 1979) or inconclusive
(Fortt et al, 1979). Carcincembryonic antigen can be identified by
the Iimmunoperoxidase technlque and its presence 1s related to
differentiation: wecll differentiated tumours tend to stain
positively for CEA whille poorly differentiated tumours tend to lack
this antigen (Walker, 1980). All of these parameters are al a
preliminary stage of investigation.

Tumour cell kinetics

Observers have attempted to measure tumour growth rate in

patients by serial measurements of recurrences in skin (Philippe and




Le Gal, 1968) or of radiographs of lung secondaries (Spratt, 1977).
Despite the wide range of deoubling times, these measures of tumour
growth rate have been related to prognosis (Philippe and Le Gal,
1968) but would clearly be unhelpful in the wmajority of patients.
The influence of treatment which is given wupon the detection of
recurtrences, on the doubling times would he impossible to evaluate,
Other workers have measured cell division by measurement of the

uptake aof 3

H-Thymidine after incubation of breast cancer tissue with
this 1sotope. An inverse relationship between high thymidine
iabelling (Rapid cell division), and ovestrogen receptor status has
been observed (Silvestrim et al, 1979; Cooke et al, 1982) but

Thymidine labelling itself has not been related to prognosis.

Intrinsic biological factors ~ Commentary

Attempts to define ‘blological markers’ within a primary breast
cancer, which might shed some light upon 1ts variable nature have
continued sporadically over the past half century and, as seen from
the preceding review have met wilith some success. Each aof the
parameters previoualy mentioned would have some value 1f used in
isolation but some are clearly more uvselul than others. The weight
of evidence strongly demonstrates the prognestic value of steroid
receptor assays and histoelogical grading and it is these, with which
this thesis will be primarily concerned.

If we anticipate that ‘intrinsic factors’ are related to
prognosis, then we might also expect that they would be related to
other prognostic variables, such as tumour bulk, but associations
such as these have not heen adequately investigated. Bloom (1950}

rveported a tentative relationshilp between histological grade and




tumour size, but this finding remains unconfirmed. Before any
attempt is made to relate imtrimsic factors to prognosis it must be
demonstrated that they are independent of the proegnostic influence
of tumour bulk or alternatively 1f a relationship does exist, then a
correction must he introduced. Pichon et al (1980) failed to do
this in their study of the prognostic influence of progesterone
receptors in breast cancer. There was an uneven distribution of
stage I1III breast cancers between the PgR positive and negative
groups and the findings of that study must be conslidered
inconclusive.

Studies of intvinsic wvariables in breast cancer remailn in thelr
infancy., For example, when we measure multiple factors, we may
simply be measuring the same aspect of malignancy by disparate
methods, eg. by morphological or biochewical methods. Strong
relationships exist between certain parameters, eg. oestrogen
receptor status and histological grade and we might anticipate that
there will also be overlap of the prognostic yield. The exact
inter-relationships of newer factors, such as quantitative cestrogen
receptors, progesterone receptors, and grade are uancertain, It has
been suggested that all measures of intrinsic tumour malignancy (ep.
histological differentiation, ER status and gquantitative valuwm, PgR
status etc.) tend to express themselves at the same prognostic level
(Fisher et al, 1975), However, there is no data to support this
view. Therc has been no study which has carried out a comparative
assessment of the predictive value of these parameters in any

clinical situatian.




Metastasis is an essential phenomenon of malignancy and certain
factors related to thils event govern Lhe progonosis for the patient.
For example the rapidity of onset of metastases (dlsease free
inkerval), the predominant secondary sites of involvement and their
response to systemic therapy are the most important clinical
criteria which determine outlook. It is llkely that the phenomenon
of metastasis is governed by certain extraneous influences, and is
not simply a haphazard occurrence. Evidence for this contention
comes from observations of different metastatic patterns of
different malignant neoplasms, The adult melanoma is a highly
malignant lesion which disseminates widely, yet the juvenlle
melanoma, a leslon with a very similar histological appearance is
virtually always cured by excislon. Other examples are the
predilection for bone of breast cancers and the predilection for
liver of bowel neoplasms. Certain studies have related intrinsic
parameters of breast cancer to the time of ovccurrence of metastases
{(disecase free interval) yet few have been conceraed with patterns of
metastatic spread, or with predilection for any specific secondary
gites. Biochemical pathways which might be inveolved have not beaen
elucidated.

Many studles have reported a relationship of intrinmsic factors,
mainly steroid Teceptor status Lo response of metastases to
endocrine therapy. However, almost all studies have related
receptor assays performed upon secondary tumour to response, and
data relating steroid receptors in the primary cancer to response is
scant (De Sombre and Jeunsen, 1980). This point is important because
it 1s only a minority of patients who have metastases which are

accessible for biopsy.

e




Survival is the ultimate yardstick against which prognostic
factors are evaluated. There has been no study which has carried
out a comparative evaluation of intrinsie factors as predictors of

survival.




The present project

The essence of the present project is the investigation of
whether the innate mallgnancy of primary breast cancer might be
identified at the time of mastectomy by measures of sterxoid
receptors (both receptor status aud quantitative level) and
histological grade. Secondly, this project will investigate neans
of using any such information to clinical advantage. In view of the
gaps In our knowledge, concerning intrinsic factors, which were
highlighted in the preceding section, studies have been conducted in
the following fashion:

1) The prognostic infleence of tumour bulk (both priwmary tumour
size and the degree of lymph node involvement) will be considered.
The Nottingham methods of measurement of tumour bulk will be
critically analysed and results evaluated against disecase free
interval and survival,

2) Since it has been supgested that prognostic overlap occurs with
these factors, the exact inter-relationshlip between vestrogen and
progesterone receptors, both status and guantitative level and
histological grade will be investigated.

3) Intrinsic factors will be related to tumour bulk and 1if
necessary a corrective factor applied.

Thereafter a comparative assessment of the predictive value of
all intrinsic factors will be carried out in a variety of clinical
situations. Specifically, steroid receptors and histological grade
wlll be related to:

4) Disease free 1nterval. The interval to all types of recurrence

viz, local, regional and distant will be considered.




5) Patterns of metastases. Intrinsic factors will be related to
secondary sites of recurrence, The prognostic significance of
specific sites of involvement in the Nottingham-Tenovus series will
be considered.

6) Biological mechanisms of metastases. Prostaglandin Ey is a
potent osteolytic agent and possibly promotes bone secondarles,
Biusynthesis of prostaglandin E2 will be related to intrinsic
variables in the priwary cancer.

7} Response of metastases to endoctrine therapy, The objective
assessment of a response to therapy will be critically considered
and response rates of the Nottlngham series assessed. Prediction of
response by means of intrinsic factors In primary breast cancer will
be evaluated,

8) Survival. All intrinsic variables will be considered against
survival,

ILdeally, studies such as those proposed should involve wholly
untreated patients, but such circumstances would be unethical.
However, the clinical course of patients who remain untreated
following mastectomy is likely to be similar to that of wholly
untreated women (Baum, 1976). All patients with which this thesis
is concerned, are 1in this category.

The studies of this thesis have further implications which will
not he investigated in details, An fmprovement of the mortality rate
from breast cancer may vequire the development of adequate measures
of prevention or more effective systemic agents. It is possible,
however, that available therapeutic resources, tailored to the most
appropriate patients by the use of such markers may achieve some

lmprovement. For example, a fairly constant proportion of patients
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with secondary breast cancer respond to endocrine therapy (20 -
30%). It is possible that a similar proportion of patients with
undetectable micrometastases will respond to any ‘adjuvant’
endocrine treatwent. TIn an unselected group the benefits to the
‘responders’ would be concealed by the poor results of the larger
numbers of patients who would be treatment failures. S3Stratification
of patients therefore into groups for whom certain treatment
modalities ave appropriate, might be beneficial. Indeed, treatment
prineiples based upon a knowledge of the systemic distribution of
breast cancer and alsc of the fnnate biological nature of the

disease at the time of presentation may offer some hope for the

future.




Chapter 3

THE NOTTINGHAM—~TENOVUS STUDY




The Nottingham-Tenovus Study

The Nottingham-Tenovus study of breast cancer is a broad based
research project which embraces the overall spectrum of disease,
from the preclinical phase by breast screening to the treatment of
the terminal 11lness. This thesis therefore represents a small part
of the total project, being primarily concerned with Intrinsic
biological factors in the primary cancer, which have been evaluated
in variable numbers of patients.

Patients

The Nottingham-Tencvus primary breast cancer series includes
all patients with breast cancer who have presented to one surgeon,
Professor Roger W. Blamey since 1973, with the following exclusions:

i Patients aged over 70 years.
i1 Patients with locally advanced cancers which are judged to be
inoperable.

1lii Patients with distant metastases at presentation,

iv Patients with a secound primary cancer of another organ.

v Patients who refuse follow up.
To date, the series comprises 800 women of whom the first 550 have
been followed for a minimum interval of three years. Studies upon

this 550 largely form the basis of the present project.

Diagnosis and Surgical Treabment

A "Trucut’ blopsy 1s taken at the first clinical presentation
so that histological conflirmation is available pre-operatively.

When the ‘Trucut’ is negative, then cxcision biopsy with frozen

section histology 1s performed,




The standard operation in this centre is a simple mastectomy
with triple node biopsy viz. single node sampling of the low
axillary, apical axillary and internal mammary ncdes. A total of
620 women have received this therapy while the remainder have been
treated by an even more couservative approach. One hundred women
have been treated by subcutaneous mastectomy with delayed breast
reconstruction while 80 have recelved tumour lumpectomy followed by
radical radiotherapy (5000 rads in 15-20 fractlons over five weeks).
These mnre conservative procedures are performed for purely cosmetic
reasons and best results are obtained in younger women. A cholce of
either a simple mastectomy or a lesser procedure is offered to all
women below the age of 50 years. No other criteria of selaction are
employed. Only a double node biopsy (of low axillary and internal

mamwary nodes) 1is possible with either lesser procedure.

Measurement of Physical Tumour Bulk

El‘Assessment_gg lymph neode involvement

All lymph nodes excised at triple node hlopsy are submitted for
histoleogical examination. Patients are ‘staged’ entirely on the
basis of lymph node involvement (Fig. 3 : 1).

Stage A ; Tumour apparently confined teo the breast and all

nodes are histologically free of metastases.

Stage B : Metastatic involvement of only a low axillary ncde.

Stage C : Involvement of either apical axillary or internal

mammary nodes.




TUMOURS "STAGED' ACCORDING TO NODAL INVOLVEMENT !

Stage A
Stage B
Stage C

All nodes histologically tumour free

n

Low axillary involvement only

Apical axillary or infernal mammary
involvement

Fig. 5+ 1 Nottingham triple node biopsy.
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b) Measurement of tumour size

At the completion of the operation, the primary tumour 1s
excised from the mastectomy specimen and measured by calipers in
three dimenslons. The largest single diameter 1s taken as the

tumour size.

Measurement of intrinsic parameters in primary breast cancer

Ad jacent specimens of the primary tumour are taken for
evaluation of histological grade, steraid receptor and prostaglandin
assays. The exception to this general rule occurs with the patient
who requires frozen section histology, when the whole lunmp is
submitted for examination and the only ‘intrinsic factor’ which may
be measured, 1s that of histological grade.

1. Histological grading

Tumour samples are transported in formalin/saline and
processed, sectioned and stalned as for routine histology. Tumours
are then graded histologically, by the criteria of Elston et al
{1980} into three categories of differentiation. Fuller details are
provided in the Appendix.

2. Steroid analyses

Tumour samples are ‘snap frozen’ and stored in liquid nitrogen
at a temperature of —196°C before being transported on dry ice, to
the Tenovus Institute, Cardiff, where assays of ocestrogen receptors
and more recently progesterone receptors have been performed by the
Dextran Coated charcoal method. Details are provided in the
Appendix. Oestrogen receptor data 1s available on a total of 637

women In the series and progesterone receptor in 167 of the last 250

women in the series,




3. Prostaglandin E, radioimmunoassay

I have perso;glly been responsible for this assay which 1s
carried out in the Department of Surgery, Unlversity of Nottingham.
Tumours are ‘snap frozen’ and stored at =196°C and the assay
performed in batches. Full details are provided in the Appendix.

Baseline clinical investigations

All patients have the following investigations at the time of
their primary treatment.

4) Blood analyses: Full blood count, Liver function tests, assays

of plasma oestradicl and progesterone, and follicle stimulating
hormone (TSil). Menopausal status is assessed on the basis of
history and FSH values: a woman is cousidered to be postmenopausal
if she is amenorrhoeie and has an FSH value in excess of 50 1u/1l on
two occasions.

b) Radioclogy Chest x~rays awl bone scans are performed on admission
foutinely, in all patients.

Clinical follow up

In Nottingham, a course of adjuvant chemotherapy has been given
to a small numher of patlients. Thirty patlents have received this
treatment and have begen excluded frow any further analysis in this
thesis. All other patients remained untreated until the development
of recurrvence. Patlents were seen at a post mastectomy clinic for
agsessment at one month following surgery, then every three months
until 18 months; from then every six months until five years and at
annual intervals thereafter. Routine bicchemical and haematological
tests include a full blood count and ESR, liver function tests and

serum aml urinary calcium measurements which are performed at six

PR R R T ST PR




month intervals. Chest x-rays are performed annually. Annual bone
gcans were carried out in the first 500 patients but the practice
has since been abandoned because of a poor dlagmostic yield.
Further investigations are performed as clinically indicated.

All follow up data in recurrence free patients is carefully
documented and recorded in our ‘Master ILndex’ which is a file of all
relevant information concerning every patient iao the study.
Categories of recurrence are defined thus:

‘Spot’ recurrence! — A small discrete skin metastasis which is

confirmed histologically, and which does not recur after excision.

Local recurrence: -~ Multiple sywmptomatic or progressive metastases

in mastectomy flaps which are confirmed histologically.

Regional recuxrrence: -~ Symptomatic metastases in ipsilateral

axillary or supraclavicular nodes which are confirmed
histologically.

NDistant recurrence: — Any distant metastasis confirmed by clinical

examination, abnormal liver function tests, appropriate x-rays,
liver or brain scans or hiocpsy.

Palpable axillary nodes are nob regarded as recurrences unless
histolegical proof is available.

The 1likelihood of local recurrence 1s within limits related to
the extent of initial local therapy for breast cancer {(Palerson and
Russell, 1959; Lacouvr, 1976). ‘Spot’ recurrences are completely
eradicated by local excision and thus they may represent a
complication of 2 conservative surgical approach rather than be a
true manifestation ¢of innate tumour dbilology. Conscquently data

relating te ‘spet’ recurrence (which has occurred in 50 patients)




has not bheen utilised in calculation of disease free interval which
therefore refers only to the interval to s major recurrence. This
category {(of ‘spot’ recurrence} has been excluded from analysis for
all groups and therefore ought to have no influence upen
conclusions. All patients with "spot" recurrences continue to be
followed up at the post mastectomy clinic fellowing treatment by
local excision or cryotherapy. All other patients who develop
secondary disease are referred to the Advanced Breast Cancer Clinic
for assessment and treatment.

Assessment of patients with advanced breast cancer

All patients with a major recurrence are evaluated at a clinic
specifically held for that purposc (the Advanced Breast Cancer
Clinic). Baseline data imcluding the date and type of primary
therapy and stage of disease at mastectomy is recorded for every
patient.

A full history is taken with special attention to the following
details:

i Patient’s age
1i Date of last menstrual period
iii Presence of concurrent disease and freatment
iv General well being is estimated by the Karnofsky system in S
grades of performance, viz.
Grade
0 - PFully active, able to carry on with all usual

activities without restriction and without ajid of

analgesia.




1 ~ Restricted in strenuous activity but ambulatory
and able to carry out light work or fully active

with the use of analgesics.

2 - Ambulatory and capable of all self~care but unable
to work. Up and about for more than 50% of
working hours,

3 - Capable of only limited self care. Confined to
bed or chair for more than 507% of working hours.

4 —- Completely disabled, unable (o carry out any selfl
care, confined totally to bed or chair.

(Karnofsky and Burchenal, 1948)

Physical examination

A full physical examination, with measurements of height and
welight, is carrled out in all patients. All lesions are measured
with calipers against a centimetre scale. Particular attention is
paid to recurrent disecase in the following areas.

1) Mastectomy site, regional lymph nodes and opposite breast:— All

recurrences are confirmed by biopsy. Accurate measuTrements are
taken of all lesions in two dimensions and a represeuntative drawing
denoting all recurrences is provided. Any new primary cancer in the
contralateral bhreast is confirmed histolagically, fellowing a
‘Trucut” blopsy and accurate measurements taken.

Up to eight discrete lesions are measured and colour
photographs taken of more numerous deposits. Diffuse intracutaneous
infiltration; which we have termed "Field change", is measured in

two dimensians to cover iks total surface area, and colour




photographs taken., Lymph node metastases arc categorised as being
ipsilateral or contralateral axillary, supraclavicular, deep
cervical or other. Accurate measurements are taken 1in two
dimensions., In the presence of lymphoedema, arm circumferences are
measured at a point 15.0 centimetres above the olecranon.

2) Chest: Respiratory capacity is assessed by clinical examination
and tests of respiratory function including Forced Vital Capacity
(FVC) and Forced Expiratory Volume in one second (FEVIJ. Clinical
abnormalities are confirmed by chest x-rays.

Pleural LEffusions: Symptomatic pleural effusions are drained, the

volume recorded and the fluid submitted for cytological examination.
A pleural biopsy 1s taken for histologv. A careful record is taken
of any local agent which is instilled into the pleural cavity.

Nodular lung metastases Up to eight nodular lung secondaries are

measured in two dimensions on chest radiographs. A representative
number of six to edght are measured when the total number is
greater.

Diffuse lymphangitis If localised, this abnormality is measured on

chest x-rays iu two dimenslions., When generalised, no measurements
are taken. When the shadow of lymphangitis encroaches upon the
mediastinal shadow, then measurement in one dimenslon only 1s
possihle.

Mediastinal lymphadenopathy Abnormal opacities due to medlastinal
Tymphadenopathy usually encroach upon the normal medlastinal shadow.
For this reason, measurement in one dimension only is possible, and

is taken from the mid polunt of the sternum.




3) Abdomen

Hepatomegally is measured, using calipers against a centrimetre

gecale. The hepatic edge Is measured, as a distance from the costal
margin, in the mwmid clavicular line, in quiet respiration. DBiopsies
are taken when possible. Isotope or ultrasound liver scans are
taken to support clinical impressions of metastases.

Other abdominal masses: These are measured in two dimensions and

further evaluated by ultrasound abdominal scans, or appropriate

contrast studies,

Ascites The abdominal girth is measured in centrimetres at the

umbilicus and patient’s weight carefully noted. Paracenteses are
performed when ascltes Is symptomatic, the fluid volume recorded and
specimens submitted for cytology. A careful rccord is kept of any

installed cytotoxic or other agents.

4) Skeleton: YBone secondaries are confirmed and assessed primarily
by skeletal survey radiogréphs. Radioclogical abnormalities are
categoriced as:
1) Suspicious lesions with an explicable abnormality

ii) Suspicious lesions with an inexplicable abnormality

iii) Definite metastases.
Only patients with definite secondaries, receive systemic therapy,
but those in the other 2 categories are closely scrutinized until
sugpicions can be confirmed or refuted. Bone secondaries are
categorised as lytiec, blastlc or uwmixed, and the bony sites of
involvement are carefully recorded. Measurements of up to eight

lesions are taken in two dimensions. All x-rays are assessed by the




author. When there is difficulty of interpretation assessment 18
carried out by beth the author and a consultant radiologist (Dr.

AJH. Morris) and a consensus declslon taken.

Central nervous system

Neurological deficits are evaluated by clinical examination and

a record kept of the distribution and type of neuronal or central
impediment. The duration of the impediment is alsu noted. Specific

lesions are quantified by isotope or CAT {computerised axial

taomography) scanning.
Skin: All skin lesions, other than in the mastectomy flap are

measured in two dimensions and bilopsied,

Non measurable lesionsg

The following lesions are regarded as being evaluable but non
measurable, in accordance with the recommendations of the UICC
(Hayward et al, 1977).

1, Diffuse pulmonary infiltration

2. Central nevouns system abnormalities not detectable by scanning
methods

3. Osseous metastases, in which marvrow involvement is detected by
bone biopsy only, or by biopsy and bone scan without x-ray

changes,

Laboratory investigations 3
A full blood count, liver function tests, alkaline phosphatase,
calcium balance measurements, (which involve serum and urinary

calciuvm assays) CEA and urinary hydroxyproline estimations are




carried out routinely in patients referred to the advanced breast
cancer clinie. DBiopsies and colour photographs are taken as
indicated. Abnormal blood or urine results are regarded as being
suggestive, but not confirmative of metastases unless other
objective evidence 1s available. All results are carefully
recorded. An FSH assay is taken in order to define menupausal

status,

Systemic therapy for advanced breast cancer

Following assessment, all patlents with advanced breast cancer
receive primary endocrine therapy. Generally postmenopausal women
receive Tamoxifen (Nolvadex, ICI) 20 mg b.d. and premenopausal women
have a bilateral oophorectomy. Within the past year, hovever, we
have randomised 28 premenopausal women to receive elther Tamoxifen
ov an oophorectomy for their stage TV breast cancer. A careful
record is kept of any additional treatment whieh may be reguired for

symptomatic reasons.

All relevant data, as outlined above, are carefully entered
upon a standard proforma (Fig. 3 : 2) following the initial vizit at
the advanced breast cancer clinic. A summary of the date of onset,
total distribution, sites ol involvement by metastases and date of
start and type of treatment is given for each patient.

Advanced breast cancer :_Clinical {follow up

Follow up intervals: All patients are seen at monthly or two

monthly intervals depending upon their state of well bheing.

Follow up assessment: At every clinic visit, a full history is

taken and a physical examimation carried onut. All lesions are
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meagured in centimetres as outlined previously., A full blood count
with ESR (erythrocyte sedimentation rate), liver function tests,
respiratory function tests, calcium balance studies, CEA
(carcinoembryonic antigen) studles are carried out at every clinle
visit., Urinary hydroxyprolines are measured on every other visit.
Radiographs of target lesions arc taken at a minimum of two and then
six months following the start of treatment. Other radiological or
isotope investigations are carried out as clinically indicated.
Chest x-rays and skeletal surveys are carried out routinely every
six months. Any change of symptoms is noted and particular
attention is paid to any change of the objective parameters. Full
assessment, with a repetition of every investigation Is carried out
six monthly.

Bvaluation of change

Regression or progression 1s assessed in measurable lesions by
serial estimations of the lesions thewselves, x-rays, etc. Clinical
impressions of a reduction in size of hepatic or brain metastases
are supported by serial scans. Changes in dif{fuse lymphangltis, or
of asymptomatic pleural effusions which have not been dralned are
evaluated by comparison of serial chest films. Any sclerosis of
lytic bone leslons, or regression of blastic secondaries are
evaluated on serlal films,

Advanced breast cancer — Follow up proforma (Fig. 3 : 3)

All of the detalls noted ahove are carefully entered into the
follow up proforma at every cliniec visit.

Definition of respomse to endocrine therapy

Response to therapy is defined by the criteria of the UILCC
(Hayward et al, 1977) with a minimum accepted duration of six

months. Fuller details are given in chapter 8.
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Anti cancer therapy protocol

Primary endocrine thexapy is continued indefinitely in patilents
showing an obvious response or until relapse occurs. Second line
endocrine treatment in this centre is a surgical adrenalectomy which
is performed In patients who have relapsed from first line endocrine
control, Patients whose disease remains static despite a six month
trial of endocrine therapy are referred for chemotherapy which is
also given at any time to patients whosc disease progresses, despite
endocrine treatment. Very occasionally, patients who pregsent with
troublesome hone secandaries, are given radiotherapy in addition to
endocrine treatment. If these metastases are the only deposits then
assessment of response to systemic treatment hecomes imposegible.
This thesis will he largely concerned with response to primary
endocrine therapy.

The Nottingham treatmant protocol is outlined in Fig. 3 : 4.

Management of Cancer Related problems

Specific problems 1in patients with disseminated breast cancer

are actively sought and if possible appropriate preventative steps

are taken. These problems include:

1. Complications ol bone secondaries

a) Pain: Bone secondaries are the most common cause of the severe

pain associated with advanced breast cancer. A pain specialist (Dr.
Susan Mann, FFARCS) is in regular attendanece at the ¢linic and hone
pain is treated by oral analgesics, spinal and peripheral nerve

blocks and by the use of nerve stimulators, Resistant cases receive

radiotherapy.
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b) Pathological fracture: This complication has its most serious

consequences firstly in the vertebral column where cord compression
and paraplegia may occur and secundly in the femora.

All patients with netastases in these areas have x-rays taken
at every visit which are reviewed by both the suthor and a
consultant orthopaedic surgeon (Mr. McKim-Thomas, FRCS).
Prophylactic or therapeutic intermal fixation fs carried out as
indicated.

c) Hypercalcaemia: Calcium balance is routinely monitored in aill

patients with advanced breast cancer. We have found the simple test
of caleium excretion per uephron (CaE) to bhe an extremely good
indicator of progression of bone secondaries and a marker of
patients at risk of hypercalcaemia. A gharp rise in CaE denotes a
loss of calcium homeostasis and such patients are treated by
rehydration.

Established hypercalcaemia 1s treated firstly by rehydration
and secondly by an agent which suppresses boue resorption.

2. Complications of visceral metastases

These coumplications are impossible to prevent and difficult to
treat, These Include, nausea, vomiting, anorexia due to liver
gecondaries and dyspnoea due to lung parenchymal involvement.

3. Psychiatric disturbances:

Dr. Allan House (MRCEsych) lecturer in psychiatry provides much
support. Antidepressants are prescribed as necessary from the
advanced breast cancer clinic.

4. Terminal care

A1l patients who are insufficiently fit to carry out self care

are admitted to hospltal for terminal care. This is usually
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provided by Dr. Anne Riley, director of Rayward House, the

Nottingham tetrminal care institation.

The Advanced Breast Cancer Tile

All data as outlined above, concerning each patient was
recorded in the assessment and follow up forms by the author.
Together, these make up the advanced breast cancer file, in which
sequential follow up data concerning more than 200 patlents have
been collected over the two year interval of my tenure, This file

is avallable for inspection.

The Nottingham Primary Breast Cancer ‘Master Index’

All events and details relevant to patients in the study are
included in the master index, from the time of initial diagnosis
through to the time of death. These details include patients nane,
hospital number, study number, date of birth, age, mencpausal
status, FSH value, date and type of operation, tumour size, extent
of pathologically confirmed lymph node involvement, histological
grade of the primary, oestrogen and progestercone receptor status
and quantitative value, lymph node reaction, prostaglandin values in
the primary tumour, date and description of first local and reglonal
recurrenca, date and site of first distant metastases, date of
commenccnent and type of first systemlc anticancer therapy, other
therapies, respounse or fallure, subsequent systemic therapies,
response or failure, length of total follow up, date and cause of
death, post mortem findings. I have tabulated the data concerning
the first 750 paticunts in the study aund 1t has recently heen
transferred to a computer, thus facilitating easy correlation of

variables.
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By these methods ‘intrinsic’ factors in the primary cancer, may
be related to events which determine prognosis in patients with
breast cancer, viz. disease free interval, site of metastases and

response to systemic therapy.

Statilstical Amalysis

Time dependent events such as the onset of recurrences or

deaths have been compared by life table analysis and evaluation
carried out by the method of Mantel (1966).

Normally distributed data

Differences in quantitative data have been evaluated by

/

Student’s “t’ test. Correlabions have been taested by linear
regressions. Differences in qualitative data were evaluated by chi-

square ot Fisher exact tests depending upon the numbers involved.

Data- of a “skewed’ distribution

Non parametric statistlics were employed. Specifically,
differences in quantitative data were evaluated by Wilcoxon’s Rank
Sum and correlations have been tested by Xendall’s Rank Test of
Correlation.

By these methads, the 1Influences of intrinsic bioclogical
factors in the primary tumour upon the natural progress of breast

,cancer have been studied in a scientific fashion.




Chapter 4

THE PROGNOSTIC SIGNIFICANCE OF TUMOUR BULK




The Prognostic Significance of Tumour Bulk

Before we evaluate the influence of intrinsic tumour markers
upon the clinfcal course of breast cancer, we must firstly consider

the effect of tumour bulk and if necessary introduce a correctiomn.

The prognoestic significance of priwary cancer size and the
degree of lymph node involvement has long been recognised. Steinthal
{(1905) of Stuttgart first proposed a staging system based upon these
parameters which categorised patlents in threc groups, viz:

Group 1 Tumour not larger than a plum, confined to the breast, not
invelving skin or axillary nodes.

Group 2 Obvious tumour adherence to the skin with clinically
involved axillary nodes,

Group 3 Most of the breast involved by tumour, extension to the

skin and deep tissues, with clinically involved

axillary and supraclavicular nodes.

At an uvndiscleosed point in time during follow up, Steinthal
reported a recurrence rate in 277 patients in Group 1 category, 76%
Group 2 and 100%Z Group 3 category (Steinthal, 1905). Measurcments
of lymph node status and tumour sire have formed the basls of every
popular staging system every sinece (Cutler, 1967) and despite the
advances in bilochemical and scanning techniques, they still provide
the best guide to prognosis (Ferrest, 1976; Langlands, 1978). Each
factor will he considered individually.

Primary Tumour Size

Eggers, De Cholnoky and Jessup conclusively demonstrated a

relationship between the size of the primary breast cancer (which




had been measured after excision) and survival in a review of 278
patients. Tumours were rather large by today’s standards (Table & :
I) (Eggers, De Cholnoky and Jessup, 1941!)., Numerous others have
reported similar findings (McWhirter, 1937; Berg and Robbins, 1966;
Fisher et al, 1969) and Coldenberg et al (1961) described tumour
size as the single most important prognostic factor in breast
cancer.

Others have expressed a contrary view, however (Kunath, 1940;
Hoopes and McGraw, 1942; Hamlin, 1968). Gorski was unahle to
demonstrate any significant difference in five or 10 year survival
rates in women who had becn designated TNM stages 2 (Tl Nl’ TZ Nl)
or 3 (T3 NO, Ty Nl), a difference which was mainly related to tuﬁour
size (Carskl et al, 1968). Dbuncan and Kerxr reported a and inverse
relationship between tumour size and prognosis only fer cancers
measuring up to 3.0 cms diameter, but there was no progressive
worsening of prognosis with further increases of size beyond 3.0
centimetres (Duncan and Kerr, 1976), As this thesis will
demonstrate, factors other than tumour bulk influence survival in
breast cancer, Bloom demonstrated the prognostic significance of
three grades of histological differentiation in breast cancer and
was unable to show any independent effect of tumour size within any
given histological grade (Bloom, 1950). Thus it is possible that
unrecognised variation of factors such as these, could mask the
influence of tumour size upon prognosis.

An alternative explanation for the rather surprising negative
findings of the above studies is that the methods of mecasurement

could have been erroneocus. All of the studies which failed to
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Table 4 : T

Tumour size and progneosis

Tumour size (cms) Incidence 7% 5 year Survival (%)
Less than 2 19 72
2 - 6 60 25
6 ~ 10 21 15

{Fggers, De Cholnoky and Jessup, 1941)




demonstrate a consistent relationshilp between tumour size and
prognosis relied upon clinical measurements which are taken of the
lesion, covered by 1ts variable layers of fat, subcutaneous tissue
and skin, in two dimensions only. Breast cancers, however, are
three dimensional polymorphous lesions and clinical measurements
provide only a erude estimation of their volume. Fisher et al
(1973) have expressed the view that direct measurements of the
pathological specimen after excision are more 1likely to be
consistent, are more representative of tumour volume and ought to be
used in any scientific study relating slze to prognosis.

In the present study, tumour size measured in the excised
cancer in three dimensions, will be related to recurrence free

interval and survival of patients following mastectomy.
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The Present Study (Study 1)

Patients and Methods

Tumour size has been measured inmediately after mastectomy in
680 of a consecutive series of 750 women who have presented to 3
Nottingham with operable breast cancer, The gross tumour was
dissected free from the fresh mastectomy specimen and measured ;
immediately Iin three dimensions. The single largest diameter was
taken as the tumour size., No clinical measurements have been
utilised. The first 550 women in the study have been followed for a
mininum interval of two years and by far the majority of events eg.
recurrences or deaths, have occurred in this group. Measurements
have been taken of the primary tumour In the manner described in 504
of these patients in whom lymph node stage has alsc been evaluated.
The patients who have presented more recently are relatively
complication free at the present tiwme and their data have not heen
Included in the analyses pertaining to recurrence free idnterval and
survival. For the sake of completeness the distribution of tumour
sizes in the first group of 504 women are compared in 5 categories
(less than 1l centimetre to greater than 5 centimetres), with that of
the total study group of 680 women. However, tumour size has been
categorised in only 3 groups (< 2 ecms, 2+~4 cms, > 4 cms) in the
firat 504 women to facilitate easy evaluation of the assoclation of

size with recurrence free interval amnd survival.
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Results

The distribution of different sizes of tumour in 504 of the
first 550 patients is representatlve of the series overall (Table #

: II). Further analysges will pertain only to the former group of

patients.

Tumour size and the interval to major recurrence

The effect of tumour size upon vecurrence free interval up to

seven years following mastectomy is shown in Flg. 4 : L. Recurrence
rates progressively increased with primary cancer size., A chi-
square test for trend yielded 23.8 with one degree of freedom
corresponding to p < 0.0005.

Tumour size and surviwval

The prognostic effect is shown in Fig. 4 : 2. Survival
progressively declined in cancers < 2.0 ems, through 2 -~ 4 cms to
those of wore than 4.0 cms diameter. A chi-square test for treund
yielded 32.9 with one degrec of freedom which corresponded to p <
0.0005. Sixty percent of patients with small tumours remain alive

at seven years compared to only 19% For those with large cancers.




Table 4 : II

Tumour size

Size All patients Study Group
(centimetres) (n = 630) {n = 504}

n % n “

< 1 52 7.6 31 6.2

1 - 2 263 3807 183 3603

2 -3 222 32.6 163 32.3

3 -4 76 11,2 62 12.3

4 -5 40 5.9 38 7.5

»> 5 27 4.0 27 5.4

Median size 2.2 cms Median size 2.3 cms
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Discussgion

This study conclusively demonstrates the prognostic importance
of primary breast cancer size, when measured accurately following
removal from the mastectomy specimen., The size of the primary
tumour 1s clearly related toe the time of onset of clinical
metastases, which are the ultimate cause of demise.

Two possible explanations exist for these observations.
Firstly, the dimensions of a breast cancer are likely to he related
to the temporal stage of its development, Lavge cancers would be
‘0ld” cancers and their disseminated malignant cells would have had
ample time fta become established and grow in the secondary sltes
where they have lodged. Alternatively, tumours which are large at
presentation may simply represent aggressive, fast growing neoplasms
which rapidly develop overt secondaries with a short subsequent
interval until demise. In probability, both explanallonsg are likely
to be operative: the size of a tumour is likely to be related to
both 1ts chronological stage of development, from the instant of
malignant transformation of the first cell and alsec its innate
malignancy in variable degrea.

If the variable malignancy of a cancer ig important, is it
pessible that clinically detectable cancers may be truly confined to
the breast without any dissemination? Clinical experience, rangiag
from cases with metastases from an occult primary (Ashikari, 1976)
to patients with locally advanced cancers who have remained
untreated for 30 years without developing metastases (Raum, 1980)
dictates that such a possibility exists. Support for the concept

that a proportion of detectable cancers may be counfined to the
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breast comes from the Health Insurance Plan (HIP) study of New York
{Strax, 1976). Briefly, 62,000 women were randomised to recelve
screening (physical examination plus mamwography on up to four
consecutive occasions) or no screening (controls). Cancers detected
in the ‘screened’ group were smaller than in the countrol populatiocn,
were clinically impalpable in one third of cases and were also node
negative in a higher proportion, The treatment strategy for cancers
was identical in both groups. At five vears of follow up, the
mortality rate from breast cancer in the whole screened populaltion
of 31,000 women was one third less than that of contrels. This
difference achieved statistlical significauce (Strax, 1976). This
important study provides evidence that early detection and treatment
of breast cancer resulits in & reduced mortality from the disease
possibly as a result of extirpation of the cancer in that proportion
0f cases where it is still counfined to its site of origin. In this
context the findings of the present study may also suggest that the
smaller the size of a cancer, the lower its aggressiveness and the
greater the likelihood of its complete extirpation by mastectomy.

it is of interest to compare the size distribution of cancers
in this series with that of earlier studies, Only 19% of the
patients in Eggers’ study had a tumour diameter of less than 2.0
centimetres (Fggers, 1941}, compared to 40% in the present study.
Fisher reported a median tumour size of 3.0 cms in patients in the
NSABP series (Fisher, 1975) but more racently Smart reported a
median tumour size of 2.47 cms from the Surveillance, Epidemiology
and End Results {SEER) programme (Smart, 1978) which compares with a

median size of 2.2 centimetres in the Nottingham project. This data




suggests an encouraging improvement in the detection of smaller
tumours.

In conclusion, the prognostic significance of tumour size is
confirmed by this study. The “intrimsic’ parameters under study in
this thesis will firstly have to be related to tumour size and if an
association exists, then the prognostic influence of intrimsic
factors will have to be investigated within a group of patients with

a single tumour size.

Lymph Node Status

Nodal involvement, like tumour size has long been recognised as
a prognostic discriminant in breast cancer. B8ir James Syme wrote,
"It appears that the results of our aperations for carcinoma of the
breast are almost always unsatisfactory when the glands are
affected, however perfectly they may seem to have been taken away.
(8yme, 1842). Today, nodal status is regarded by many as being the
single most important prognostic factor in breast cancer (Forrest,
1979; Baum, 1980) and there is universal agreement that this guide
ought to be obtained for every patient undergoing mastectomy.
Degpite the longstauding recognition of the significance of this
prognostic factor certain practical questions remain umresclved viz.
1. What is the optimum mathod of determining nadal involvement;
Clinical ar Pathological?
2, What is the optimum surgical procedure of harvesting involved
nodes for histological examination ~ Lymphatie Chain Dissection or
Mode Sampling?
3. What is the optimum method of grading the severity of nodal

involvement?




There have been no randomised prospective studies to evaluate
the points above, and we must therefore rely on retrospective

comparative analyses.

1. Evaluation of Nodal Status =~ Clinical versus Pathological

The advantages of clinical evaluation in determining nodal
status include its simpliclty and also that 1t provides prognostic
information pre—operatively. Patients may be allocated to a high or
low risk group and the total treatment strategy may be plammed, and
discussed with the patient in advanca. Its main disadvantage is its
inaccuracy., Cutler and Cannelly found that 38% of clinically
negative nodes were positive on histelogical examination and 37% of
clinically positive nodes were pathologically negative (Cutler and
Connelly, 1969). Fisher reported an overall error rate of 32% for
clinical evaluation of the axilla, 24% false positive and 39% false
negative (Fisher et al, 1975). Smart reported similar findings in
an analyses of 6,628 cases from the Surveillance, Epidemiology and
End Results (SEER) project (Smart, 1978) and Cutier, Zippen and
Asire (196%9) put the matter to the test Iin a comparative analysis of
the prognostic significance of positive lymph nodes defined
clinlcally or by histological examination Pathological assessment
allowed hetter separation of prognostic groups {(Table 4 @ III).
Clearly this method is a superior index of prognosis and the
inaccuracy of clinical ewvaluation rules it out frowm any scientific
study concerning prognosis in breast cancet.

From the above data it is obvious that series which rely on

clinical methods of evaluation are incomparable with those which
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Table 4 : IIT .

Node status and survival: Pathological versus clinical assessment §

Pathological assessment Clinical assessment

node {+) node (-) node () node (=) :
S year
survival (%) 52 84 58 74
|
|
10 year
survival (%) 33 70 38 58

(Modified from Cutler, Zippen and Asire, 1969)
PP s




utilise a pathalogical gssessgment of lymph nodes. It is noteworthy
that the TNM system of staging which was originally an entirely
clinical method (UICC, 1961) has recently been re-designed ta
facilitate a separate category for patients with histologically

proven lymph node metastases,

2. Lymph Node Harvest — Axillary Clearance versus Node Sampling

A formal axillary clcarance as is perforwed routiupely in a
radical mastectomy will determine with certainty the number of
axillary nodes which are involved by breast cancer., This procedure
increases postoperative morbidity and has a particular risk of
lymphoedema, yeb conveys no survival benefit (Fisher, Montague and
Redmond, 1977) and an alternative method with fewer complications
might be bheneficial.

Forrest et al have demonstrated that pectoral node sampling
combined with a thorough examiunation of the axillary tall of a
simple mastectomy specimen is as effective in determining the
ptesence or absence of positive nodes (nodal status) as a Full
axillary clearance of a radical mastectomy (Forrest, Roberts and
Shivas, 1976). Fisher’s findings that removal of a few axillary
nodes (< 5) was just as accurate In determining nodal status as
disseetion and removal of a larger number (> 26) lend support
{(Fisher, 1981), This view has heen challenped by Davies who
reported false negatives in 46% (11/26) cases with axillary sampling
alone and 14% (6/43) with examination of the axillary tail alone
when compared to full axillary clearance {Davies, 1980). However,

this study did not assess the accuracy of the combination of




axillary sampling and examination of the axillary tail as advocated
by Forrest.and in any case the numbers of patients fnvolved in this
sarles were small, While it is likely that sampling errors occur,
there has been no attempié to evaluate their prognostic significance
in any large study and the weight of evidence would suggest that

sampling is a reliable means of determining nodal status im breast

cancer,

3. Evaluation of the Extent gﬁ Nodal Involvement ~ The number of

involved nodes versus the anatomical level of involvement

Nodal status of breast cancer, in terms of positlivity or
negativity is a useful oversimplification, which in many centres
forms the basls of selection for adjuvant therapy (Fisher et al,
1975; Bonadonna et al, 1976). However, 1t is known that the number
of nedes involved by breast cancer is related inversely to the
recurrence free interval and survival (Fisher and Fisher, 1972;
Nemoto et al, 1980). Fisher noted a five year survival of 62% in
wonmen with one to three nodes involved cowmpared to only 35% when
more than four nodes showed evidence of metastases (Fisher, Slack

and Bross, 1969). Thus in view o¢f the superior information

nodes it might appear that unode sampling is insufficient.

However, the anatomical level of nodal metastases is alsoc of
prognostie importance. Adair reported a five year survival of 053%
for low axillary node metastases (lateral and inferior teo the border
of pectoralis minor -~ designated "level 1"), 45% for intermediate
axillary node involvement (the group lying posterior to pectoralis

minor — "level 2") and only 287 for high axillary nodal metastases
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(superior and lateral to pectoralis minor - "level 3") (Adair,
1949), Handley reported a 67% five year survival iIin patients
without nodal imvolvement, 42% in those with axillary iavolvement
but only 6% for patients with involvement of both axillary and
internal mammary node groups (Handley, 1969). Haapensen categorised
patients with high axillary, ox internal mammary node involvement as
inoperable, on the grounds of poor prognosis (Haagensen, 1971).
Leis has suggested that assessment of the anatomical level of nodal
involvement provlides equal prognostic Iinformation to am evaluation

of the actual number of axillary node metastases (Leis, 1978).

The Nottinghsm Staging Method

The Nottimgham staging procedure has been based on the
principle that node biopsy from multiple ‘levels” around a breast
cancer, could provide optimum prognostic information with a minimum
of morbidity. The methode will be described in fuller detail
overleaf but driefly node biopsies are taken from the low axilla,
the apex of axilla and from the internal mammary chain. Tumours are
designated Stage A, if all hiopsies are tumour free, Stage B if only
a low axillary biopsy is positive and Stage C 1f apical axillary or
Internal mamary nodes are inveolved. A preliminary study from this
centre has shown the value of this system when related to recurtence
free interval: in the first 169 patients in this series, recurrence
free interval was evaluated by life table analysis and the curves
showed siguificant separation according to stage. The outlook for
Stage A tumours was best and that for Stage C tumours worst {p <

0.001) (Maynard et al, 1978a). However, lymph node stage has not
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previously been related to survival. While the prospect of sampling

errors have been raised, these have not previously been investigated
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in any large study and therefore the influence of any such errors

upon the prognostic power of node biopsy remains unknown,




The Present Study (Study El

Patients

Five hundred and four of a total of 5350 women have had lymph
node involvement assessed at mastectomy and have been followed for a
minimum interval of two years,
Methods

Following the removal of the breast f£rom the chest wall, single
lymph nodes were sampled (1) frow the low axilla, below the lateral
border of pectoralis wminor and (2) from the apex of the axilla which
was approached anteriorly by dividing the pectoralis major in the
line of its fibres between its claviculat and sternal heads. The
clavipectoral fascia was incised, and the nodal group was located
inferior to the axilliary vein and superior te the vpper border of
pectoralis minor. Tinally (3) a node biopsy was taken from the
intarcostal chain which was approached via the second intercostal
space after dividing the pectoralis major and intercostal wmuscles.
The biopsies were labelled in separate pots and fixed in 10%
buffered formalin and stained with Krhlich’s haematexylin and eosin.
The biopsies were ‘blocked” in paraffin wax al two levels, and
histonlogical sections were taken at three levels from each block.
Lymph nodes were considered to be negative when examination of all
sections revealed no evidence of tumour. Those blopsies which were
found to contain no lymph node tissue for histological examination,
were regarded as belng tumour negative, Tumours were ‘staged’ A, B
or C on the basis of histological examinatlion of blopsy specimens:
Stage A - All biopsies tumour free

Stage B - Tumour involvement of the low axillary node only




Stage C — Tumour involvement of either the aplcal axillary ox
internal mammary nodes,
Tig. 3 : 1 Nottingham Staging Method
The procedure of triple node bicpsy adds approximately 20 minutes to

the operation time for a mastectomy.
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Results

Distribution of involved nodes (n = 504)

The numbers of patients with tumours In different stages were

as follows:

Stage
A B <
Patients 274 (54%) 144 (28%) 96 (18%)

Relationship of Lymph Node Stage and Tumour Bize

The likelihood of cancers being node negative (Stage A) was
inversely related to tumour size {Fig. & : 3). Gonversely, the
severity of nodal involvement was directly related to tumour size.
Seventy-two percent of tumcurs mecasuring up to 2.0 cms diameter were
node negative (Stage A), 20% Stage B and only 12% Stage C. In
tumours measuring 5 centimetres or more the corresponding figures
were 32% Stage A, 317 Stage B and 37% Stage C, and these differences
were highly significant (Table 4 : IV),

Lymph Node Stage and the Interval to Major Recurrence

The effect of stage upon recurrence free interval up to seven
years following mastectomy is shown in Fig. 4 : 4. Recurrence free
interval was progressively shorter from A through B3 to C and a chi~
square test for trend yielded 111.2 with one degree of freedom which
corresponds to p < 0.0005.

Lymph Node Stage and Survival

The prognostic effect 1s shown in Fig., 4 : 5. Survival
progressively deteriorated from A through B to €. A chl-square test

for trend vielded 85.9 corresponding to p < .0005.
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Lymph node stage and tumour size

Primary tumour size (centimetres)

< 1.0  1.1-2.0  2.1-3.0  3.1-4.0 4.1-5.0 > 5 cas
14 75 73 20 12 7
2 30 49 20 11 7
2 17 18 13 9 8
18 122 139 53 32 22

X" = 27.2 10 DF p < 0.005
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The Significance of ‘missed’ nodes in Lymph Node Staging

In this series, nodes were absent from one or more biopsles in
approximately 30% cases., The effect of this factor upen the
prognostic power of staging in terms of survival was evaluated In
the first 389 patients in the study. Data has been compared in six
groups (Table 4 : V).

The codes werz arranged in a logical ovder of what secemed Lo be
the likely prognosis, eg. Stagc A with all 3 nodes identified and by
definition histologically negative, (Al) might have a better outlook
than A with one node missing (AZ), or indeed A with 2 or 3 nodes
missing (A3) since the "missed’ nodes could have been positive,
Similarly, Stage B with all nodes identified (El) might have a
better prognesis than B with either of the high nodes miasing (BZ).
A tumour which is desipgnated Stage C is in this context, in the
worst prognostic category and is unaffected by any of the other
nodes which might have been nissed.

The survival of each group has been compared by life table
analysis. All the Stage A categories had a similar outlook
irrespective of the number of nodes found at surgery and the
prognosls of the two B categories was virtually Identical although

both were significantly better than C (Flg., 4 : 6).
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Table 4 : ¥

Incidence of ‘missed’ nodes

numbers Code f

Stage A All podes present 123 Ay i
1 node missing 47 Ay
2 or 3 nodes missing 31 Ag
Stage B All nodes present 76 BI
1 or 2 nodes missing 43 By

Stage C Unaffected by ‘missed’ 67 C J

nodes
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Discussion

The present study has concentrated upon the determination of
the status of multiple node levels in patients with breast cancer,
by biopsy and histological examination. This method is not commonly
employed in the United Kingdom, possibly as a result of reservations
concerning 1its accuracy — that positive nodes might be missged at
sampling with consequent false negatives. Fears such as these would
only be allayed completely by a large randomised trial comparing the
prognostic accuracy of axillary clearance with nultiple node
sampling but as stated in the introduction to this chapter, there
has been ne such study. The present study has shown that the
prognostic power of staging as far as survival is concerned was
unaffected by ‘missed’ nodes. Positive nodes are easier teo find at
surgery than uninvolved nodes and it seems unlikely on the basis of
the evidence of this study, that these have heen ‘missed’ in
significant numbers of patients.

This study confirmed the relationship of stage to recurrence
free interval as documented by a previous Kottingham treatise
(Maynard et al, 1978), with greater patient numbers at a later point
in the follow up Interval. In addition, stage was significantly
related to survival., Jchnson used a similar methed of staging in a
study of 200 patients with breast cancer at the British Columhia
Cancer Institute, with the exception that apical axillary and
internal mammary node biopsies were performed prior to mastectonmy
and formed the basis for selection of therapy. If both nodes were
negative, then patients were Lreated by radical mastectomy when

axillary node status was also determined by axillary clearance, bhut
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patlents in whom either apical axiliary or internal mammary nodes
were inveolved, received radiotherapy alone. Thus Johnson defined
three prognostlc categories, which correlated with the three
Nottingham Stages A, B and C. The incidence of these categories in
the Vancouver study, were comparable to those of the Néttingham
gtudy, viz:
Incidence
Vancouver Nottingham
Lvmph node negative (Nottingﬁam
Stage A) - 447 54%
Low axillary involvement {Nottingham
Stage B) - 29% 28%
Aplcal axillary or internal
wammary invelwvement (Nottinghanm
Stage C) - 27K 18%
It is of interest to note the similarity of stage B cases in both
series, determined by node sampling in the present study and by
axillary clearance im the Canadian study. Five year survival of the
various categories in this study showed a strong resemblance to the
Nottingham data, despite the differences in treatment methods, viz:

Patients Correlating Lo Stages

% 5 year A B c

survival

Johnstone study 83% 59% 29%  (Johnstone,
1972)

Nottingham study 78% 507% 31%

In the present study, nodal stage has proved a better

prognostic factor than tumour size in that patients can be allocated




to specific prognostic groups with greater confidence (chi-~square
values for survival and disease free interval assessed by life table
analysis were rather greater when groups were compared accoxding to
stage than by size). Thus the Nottingham staging system has the
advantage of simplicity, with three clear categories, esach with a
predictable and well defined outloolk.

While this method has a useful clinical application, there are
prognostic limitations. For example, thirty percent of patients
with Stage A tumours, whose disease was apparently "confined to the
breast", had recurred within five years and twenty percent of
patients with Stage C cancers were rccurrence free at this time.
Staging by this method appears more accurate than the TNM system
which has shown prognostic overlap for different stages (Cutler,
1968; Gorski et al, 1968), but nonetheless the Nottingham stage
alone incorrectly predicted prognosis in 25% patients. Thus some
means which permits further refinement of our prognostic marker,
without a reduction of the size of the patient groups to which

the marker can be applied, is desirable.
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Conclusions

An assessment of the local extent of tumour at the time of
mastectomy, by measurements of the primary cancer size and the
degree of nodal involvement has a significant bearing upon prognosis
in terms of both the interval to major recurrence and survival. It
is likely that tumour size and lymph node involvement are related to
both the chronological age of the cancer and its biology, in terms
of 1its rate of growth and its degree of malignancy. A mcasure of
the level of lymph node involvemenkt provides a rather better
prognostic discriminant than tumour size alone, but a strong
relationship exists between the two. While the prospect of staging
cancers by lymph node involvement is simple and practical it
correctly predicts prognosis in only 75% patients with discrepancies
in both lymph node positive and lymph node negative groups.

In any attempt to evaluate the progrostic significance of
bilological intrinsic factors, tumour bulk must first be evaluated,

and if necessary a corrective factor appliecd.
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Intrinsic Biological Markers — Incidence and Inter-relationships

Introduction

As reported previously from this centre, a strong relationship
exists between oestrogen receptor status and histolegical grade in
primary breast cancer (Elston et al, 1980). Observations such as
these i1mply that intrinsic parameters (ER, PgR status and
histological grade) may simply represent different measures of the
same aspect of tumour malignancy and it has been suggested that all
these factors express themselves at the same prognostic level
(Fisher et al, 1975). There is, however no evidence to support this
contention. Later in this thesis, the predictive value of all of
these parameters will be assessed in different situations but before
carrying out such a comparison, we shall investigate the precise

inter-relationships of the factors themselves.
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The Present Study (Study 3)

The first 550 patiente in the Nottingham-Tenovus primary breast
cancer serles have been followed for a minimum interval of two years
and the majority of analyses relate to these patients. Progesterone
receptor assays are a more recent addition and have been performed
in only 167 of the last 250 women in the survey.

Histolegical grade

Primary cancers have been graded by a modification of the
method of Bloom and Richardson (1957) (see Appendix) in 504 women of
the first 550 who have also had tumour size and lymph node stage
evaluated,

Oestrogen receptor assay

Qestrogen receptor analyses have been performed on primary
breast cancers by the Dextran Coated charcoal method (see Appendix)
in 435 of the first 550 women who have also had tumour size, Llymph
node stage and histological grade assessed. Cancers were considered
to be oestrogen receptor positive, when they contained more than 5
femtomoles specific oestradicel binding per milligram cytosol
protein.

Progesterone receptor assay

Progesterone receptor (PgR) analyses were performed on primary
breast cancers by incubating with 3H~Progesterone with and without
excess of free R5020 progesterone ligand (see Appendix). This
procedure also utilised the Dextran Coated charcoal method.
Progesterone receptor was assayed in 167 women who also had tumour
size, lymph node stage, histological grade and oestrogen receptor

concentration assessed. Tumours were regarded as being PgR positive

e
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when they contaiped more than 5 fmoles specific progesterone binding 5

per milligram cytoscl protein.

Statistical analyses

Chi-square tests for goodness of fit were utilised for

qualitative data. Evaluation of receptor values, which have a

skewed distribution has necessitated the use of noan-parametric
statistics eg. Wilcoxon Rank Sum and the Kendall Rank test of

correlation,




Results‘ Incidence and Inter-relationships of Intrinsic Factors

a) Incidence

i) Histologlcal grade Seventeem percent of tumours were grade

I and 47% Grade IIT (Table 5 : I).

il) Oestrogen receptor assays Fifty eight percent of tumours

were ER positive and the measured receptor concentration ranged from
0 ~ 1500 with a median value of 58.5 fmoles/mg cytoscl protein,

111} Progesterone receptor assays Thirty one of 167 (18.5%)

tumour were progesterone receptor poesitive. The receptor
concentration ranged from 0O - 2740 with a median value of 251
fmoles/mg cytosol protein.

b) Inter-relationships

Qestrogen receptors and histological grade

A highly significant relationship exlsted between oestrogen
receptor status and histological grade. Receptor positive tumours
tended to be well or moderately differentliated while receptor
negative cancers tended to be poorly differentiated {(Table 5 : II).
Consideration of cestrogen receptar values and histological grade
confirmed but did not strengthen the relationship (Table 5 3 III).
Indeed, within the receptor positive group, histological grade was
unrelated to oestrogen receptor values {(Table 5 : 1V).

Oestrogen and progestercne receptors

No significant relationship existed between ocestrogen and
progesterone receptor status in primary breast cancer {(Table 5 : V).
However, when we considered quantitative values, a significant
relationship emerged. Progesterone receptor positive tumours had

significantly higher concentrations of oestrogen receptor than PgR




Table 5 : I
Histological grades — Incidence :
Crade n % |
1 85 17
I1 181 36
ITX 238 47

Total 504 100
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Table 5 : IT

Relationship of ER status and histological grade

ER status
Grade Positive Negative
I 55 16
1I 99 55
IT1 87 113

X = 25.5 2 df p < 0.0005




Table 5 : IIL

Grade

I1

III

Relationship of ER values to histological grade

ER value
5-20

15

21

ER Positive

A1l tumours

21-40 41-80 81-150
13 12 9
22 19 16
2] 1l 17
31.0 10 df; P

ER Negative

> 150
12 16
20 55
21 113

0.0005




Tahle 5 :

»

v

Relationship of quantitative oestrogen receptor concentration

and histological grade

Qestrogen receptor positive tumours

Grade ER wvalue 5-20 21-40 41=80 81~150 2 150
T 3 13 12 9 12
II 15 22 19 16 20
I1I 21 21 11 17 21

x2 = 4.5; 8 df: 0.9 > p > 0.8




Table 5 : ¥V

Relationshlp of oestrogen and progesteronc receptor

status ‘9_‘1;' primary breast cancer

ER Positive ER Negative
PR positive 23 8
PR negative 82 54

X4 = 2.01; 1 df; 0.2 > p > 0.1




negative cancers (Fig. % : 1). The likelihood of a tumour
possessing PgR was proportionately related to its ER comncentration
(Flg. 5 : 2).

Histological grade and progesterone receptors

Before considering the relationship of grade to progesterone
receptors, we shall re-cxamine the relationship of ER and grade in
the 167 patients, who have had PgR assays. As seen in Tahle 5 : VI,
a highly significant relationship existed, Histological grade was
unrelated to progesterone receptor status or to progesterone
receptor values {(Tahle 5§ : VII). When considered in combination
with oestrogen receptor status, progestetvone receptor status did moc
strengthen the relationship with histological prade (Table 5 :

VIIL).
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Table 5 : VI

Relationship of oestrogen receptor sktatus and

histological grade in 167 women

Histological ER Positive ER Negative
Grade

17

40

p < 0.01
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Table 5 @ VII

Histological grade and progesterone receptor status

Histological PR Positive PR Negative
Grade
I 3 15
IT 15 58
TI1 13 63 %
2

X® = 0.34; 2 df; 0.9 > p > 0.8




Table § : VIII

Histological grade and stercld receptor status

i Stervid receptor status

Bistological ER* PRY IRt PR- ER~ PR¥ ER- PR~
Grade
T 3 11 1 &
11 12 39 2 15 ’
11T 18 32 5 35

X5 = 11.3; b df; p = 0.08




Discussion

The incidenece of various histological grades in this series
differs from that of other studies, and in particular from the
series reported by Bloom (1950) where 26% tumours were Grade I, 457
Grade II and 29% Grade I11I. Differences exist between Bloom’s
method and the Nottingham technique, partlcularly Iin the assessment
of mitotic activity. Bloom regarded both mitotiec figures and
hyperchromatic nuclei as evidence of mitotic activity and avaluated
the presence of these parameters in "slipht, moderate or marked
degree'’s In Nottingham, a more objective point count of mitotic
figures was carried out at 100 x magnification. Hyperchromatic
nuclel were disregarded. Methodological differences such as these
may partly account for variation of results but it must be
emphasisad that grading is considered to be a subjective means of
assessment of innate malignancy and has been criticised by some on
the grounds of reproducibility (Cutler et al, 1966).

An oestraogen receptor assay is generally considered to be a
more objective test of innate tumour bieclagy, but scrutiny of the
published data from differeut centres belies this assumption. A
variety of techniques exist for receptor assay, aad the ‘cut off’
point for positivity varies from 3 to 10 fmoles/mg cytosol protein.
These factors partly account for the variation of results (King,
1980). However, even when delinitive criteria for receptor
positivity and methods of evaluation are similar, the inclidence of
oestrogen receptor positive tumours varies from 35 ~ 857 (Leclerg
and Heuson, 1977), Thus it seems likely that the accuracy of
cestrogen receptor determinations are limited by some factors which

have not conclusively bheen identified.




The present study confirmed our previous reports of a higﬂly
significant relationship between oestrogen receptor status and
histological grade (Maynaxrd et al, 1978; Elston et al, 1980). It
has been suggested that ‘cut off points’ for vestrogen receptor, for
positive or negative status are artificial, and that hormone
dependency is distrlbuted along a continuous gradient assessed by
the quantity of ER (Paridaens et al, 1980). Thus one might
énticipate that quantitative ER values might bear a stronger
relationship to histological grade than ER status alone. This
study, however, has failed to demonstrate any stronger relatlonship
of ER values to grade.

As with oestrogen receptors, there is a wide variation in
reported results with progesterone receptors. The proportion of
patients with PgR pesitive tumours varies from 17% to 41% (Hahnel et
al, 1980; Brooks et al, 1980) and the incidence in the present study
is at the lower end of the reported range. 1If the hypolthesis that
progesterone receptor is the and product of an cestrogen dependent
pathway (Horwitz et al, 1975) is totally accurate then we would
anticipate a strong relationship between progesterone and oestrogen
receptor status and also we would expect progressive loss of
progesterone receptor as tumours become less differentiated.
However, contrary to the findings of Brooks et al, 1980 and Horwitez,
1980, we have failed to demonstrate a significant relationship
between ER and PgR status, but in this, we are in agreement with
Hahnel et al, 1980. Progesterone receptor assays in primary breast
cancer remain at a relatively preliminary stage at the present time

in all of the mentioned studies, and it is possible that with




greater numbers there will be closer agreement on this very
elementary point. In the present study, we have certainly shown a
glgnificant relationship between quantitative-ER valQes and
pragesterone receptor status: the higher the ER value, the greater
the likelihood of a particular tumour being PgR positive. TIn this
we are in agreement with Osborne et al, 1980. This study has shown
no relationship between progesteronec receptor and histological
grade, irrespective of whether PgR values or PgR status were
considered or whether ER and PgR status were considered in
combinaticon and thus we have been unable to validate the findings of
King, 1980 or Pichon at al, 1980.

In conclusion, this study demonstrated a highly significant
relationship between ER and histoleogical grade. Despite the
strength of this relationship we have begun to see some separation
of endocrine markers (quantitative ER values; progesterone receptor
status) from grades of differentiation in the primary cancer. Thus
is i conceivable that endocrine markers may identify one specific
aspect of tumocur hiology and histolegical differentiation another,

with a degree of prognostic overlap.
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Clinical events and prognosis in breast cancex

In the preceding chapters, the prognostic significance of
tumour bulk has been consldered and the inter-relationships of
intrinsic factors themselves have been investigated. The remainder
of this thesils will be concerned with an investigation of the
influence of intrinsic parameters upon the course of breast cancer.
In this context a comparative evaluation of parameters will be
carried out against three clinical events of prognostic importance,
namely:

l. Disease free interval,
2, The anatomical site of secondary metastasis.
3. Response to endocrine therapy.

The significance of sach of these three clinical events upon
survival will be considered, and then ‘intrinsic’ variables will be
evaluated against survival. A study of this nature is broad based
and necessitates mutifactorial analyses, which will be carried out

in succeeding chapters,
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Prediction of Recurrence Free Interval in Breast Cancer:

Tumour Growth Behaviour

Introduction

The interval which elapses after mastectomy untill the
appearance of a major recurrence relates strongly to survival iun
patients with breast cancer (Cutler, Asire and Taylor, 1969). This
interval provides a measure of growth behaviour (Devitt, 1876) :
fast growing tumours will have a short disease free interval and
vice versa. Since the rate of growth 1s difficult to measure in
breast cancer, it has been impossgible to predict the disease free
interval which individwnal patilients will enjoy following primary
therapy, with accuracy. Measures of tumour bulk bave certainly been
used to identify risk groups, but as outlined previously these are
not infallible. Intrinsic factors of grade and steroid receptors
have been variously related to recurrence free interval in different
studies (Maynard et al, 1978a; Cooke et 2l, 1979; Godolphin et al,
1981; Pichon et al, 1980) butr there has been little comparative
assessment of their relative value in the same group of patients.

Before considering the association of any intrinsic factor with
recurrence free interval ome must firstly take account of the
influence of tumour bulk. In this study the relationship of
histological grade, oestrogen and progesterone receptors in primary
breast cancer will be related to tumour size and lymph node stage
and thereaflter to the intervals which elapse until the appearance of
various types of recurrence: local, regional and distant and also to

overall recurrence [ree interval.




The Present Study {(Study ﬁz

Patients and Methods

Histological grade has been evaluated in 504 primary cancers,
oestrogen receptaors in 435 and progesterone receptors in 167, by the
methods previously described {see Appendix). Oestropen and
progesterone receptor status have been consldered both alone and in
combinatiocn. Only a small number of tumours (n = 31) are
progesterone receptor (PgR) positive and therefore quantitative PgR
values have not 5een considered. However, oestrogen receptor status
and quantitative ER values have been related to recurrence free
interval: tpmours have been divided according to the quantity of ER
into five approximately equal groups (Table 6 : 1),

In this study, the term recurrence free interval refers to the
period nwotil the appearance of a major metastasis in any site as
previcusly outlined. The categories of recurrence which have been
considered in this study were defined thus:

Local recurrence: Multiple, symptomatic or progressive metastases

in mastectomy flaps, which were confirmed histologically. 'Spot”’
recurrences in the flaps have been excluded.

Regional recurrence: Symptomatic metastases in axillary or

supraclavicular nodes which were confirmed histologically.

Pistant recurrence: Any distant metastases confirmed by clinical

examination, abnormal liver functlon tests, appropriate x-rays,
liver or brain scans or Dbiopsy.

Statistical Analysis

Intervals until the appearance of metastases were calculated by
actuarial life table analysis and statistical evaluation performed

by the methad of Mantel (1966).




Table 6 : I

Quantitative oestradiol receptor values
FR concentration n
(fmol/mg cytosol protein) ‘l:
4 - 20 A1
20 - 40 56
40 - 80 41
80 - 150 41 .fj
> 150 50




Results

I Intrinsic factors and tumour bulk

a) Histological grade

The histalogical grade of a primary breast cancer was
significantly related to its size in centimetres: the greater the
degrec of anaplasia, as assessad by three grades, the larger the
size of that tumour at presentation (Tahle 6 : II). Only a small
percentage of Grade I tumours were large in size (Fig. 6 : 1).
There was a trend for increasing severity of the stages of lymph
node invelvemeant with poorer histological grades, but differences
were not significant (Table 6 ¢ 1lL).
b) Qestrogen and progesterone receptor status

Oestrogen and progesterone receptor status of primary breast
cancer were unrelated to tumour size (Tables 6 ¢ IV & V) or stage of

lymph node involvement (Tables 6 : VI & VII).

II Intrinsic factorsg and recurrence free interval

a) Histological grade

Histological grade of a primary cancer was significantly
related to the recurrence free interval: the higher the grade, the
shorter is the interval until a recurrence appears (Fig. 6 : 2),
This relationship persisted for all types of recurrence: high grade
tumours were significantly assoclated with a short interval until
the appearance of local (¥Fig., 6 : 2b), regional (Fig. 6 : 2¢) and
distant (Fig. 6 : 2d) recurrences, However, poorly differentiated

tumours tended to be large in size at presentation (Table 6 : I1).




160

Table 6 : II

Histological grade and tumour size

Grade
Size {(cms) I 1T 111
84 81
71 81
26 36

p < 0.0005
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Tumour size

Fig., 61 1 Tunour size and grade I histological differentiation: ;

Small tumours tend to be well differentiated (Grade I).




Table 6 : IIT

Histological grade and lymph node stage

57 (67%)

18

10 (12%)

= 6.7}

Grade

I

23

55

33

4 df; 0.2 > p > 0.1

ITT

124 (52%)

71

43 (18%)
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Table 6 : IV

Oestrogen receptor status and

tumour size

Size (oms) ER Positive
o - 2 106
2 -~ A 120

> 4 25

X = 2,8 2 df; 0.3

> p > 0.2

ER Negative

84

28

6%




Progaesterone receptor status and tumour size

Size {cms) PR Positive PR Negative
0 =2 16 69

2 - 4 15 62

>y 4 G 5




Table gui

=

Oestrogen receptor status and lymph node stape

Stage ER Positive ER Negative
A 124 (49%) 107 (58%)
B 83 (33%) 45 (24%)
C 44 (17%) 32 (17%)

X* = 4.2 2 df; 0.2 > p > 0,1




Table 6 : VII

Stage

Progestercne receptor status and lymph node stage

0.17;

PR Positive

16

2 df;

0.95

PR Negative

p > 0.9

67

38

31




100

90
a.
80
s 70 '
5 60
) ooy X
5 X%=34,9; 1 df
L _—
g O p<o.0mm i
&= j(] |
Wigs g78 75 69 5852 44 40 33 24
10 1181 173167 149 116 % 75 58 49 35 22
238270191 161 127 106 85 66 48 39 26
0 \ 2 3 4 5
Years
o e !
b. 90 [~
m \0—\9_*6.@ 1
] 80 »
£ 14
S w0k
5 %142 101
& 60
- p < 0, 0005
g 0
S 40 .
0
20F85 82 79 78 70 60 54 48 42 37 28 “
10 1181179170165 150 122 96 70 55 43 30
238235 224 209 169 132 108 84 62 48 36
0 1 1 | | J
1 2 3 4 5
Years ;
Tig. 6 : 2 Histological grade and recurrence free interval.

a. All recurrences

be Local recurrencs




168

100
C, 90
80

70
60 b x2=18.7; 14t
50 | p < 0. 0005

a0 —
30—
20

% Free of regional recurrence

"85 83 79 78 70 60 55 49 43 38 29

10 7181 179170 167 152 122 96 70 55 43 30
238236225 209169 133 109 84 62 48

0 1 2 3 4 5
Years
100
d. L)O
% &0
g w
@
€ 60
5 0
= 5
= " x2-18.2; 1df
s p< 0. 0005
=30
=
20r85 8 77 75 68 58 54 48 40 36 27 R
10 181 172165 160 150 120 96 68 53 38 26 E
238 229 ZIZG 200 1|55 128 1?8 80 6IU 47 3:1
0 1 2 3 4 5
Years
Fig., 6 :+ 2 listological grade ané recurrence free interval.

c. Kegional recurrence

d. Distant metastaszes




To correct for thilis assoclation, the independent prognostic
influence of grade against disease free interval, has been assessed
within a group of patients with a single tumour size {measuring <
2.0 centimetres). A highly significant relationship persisted (Fig.
6 : 3).

b) Steroid receptors and ryecurrence free interval

Oestrogen receptotr status was related te the interval until
regional recurrence (Fig. 6 : 4) but not to disease free Interval
overall (Fig. 6 : 3). Consideration of quantitative values of ER
did not improve its predictive value (Fig. 6 : 6).

Progesterone receptor status was unrelated to discase free
interval, dirrespective of whether it was considered alone (Fig. 6 :

7) or in combination with ocestrogen receptar status (Fig. 6 : 8).
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Discussion

In patients Iin this study, subclinical tumour growth following
mastectomy was unimpeded by any form of treatment. Thus the
interval from mastectomy until the clinical appearaonce of metastases
(discase free interval) was likely to be determined by tumour growth
rates. In this study, histological grading by the method described
correlated well with disease free interval for all types of
recurrence: local, regional and distant, and defined three clear
risk categories. This parameter was a better marker of recurrence
rates thar elther or both of the steroid receptors and was therefore
the better marker of tumour growth rates. The relaticonship between
grade and primary tumour size, that poorly differentiated tumours
tended to be larger, lends support to this assertion, as one might
have anticipated that fast growing tumours would reach a large size
by the time of presentation.

Bloom (1950) noted a similar assoclation between grade and
clinical stage (which was largely determined by tuwmcur size) but he
also found that the prognostic yield of each of these measurements
was synergistic. The findings of this study are in agreement: grade
is related to tumoutr size but correlates well with recurrence rates
even when ‘corrected’” for the prognostic influence of size, ie.
within a group of patients with a single cancer size. Thus the
prognnstic yield of grade and measures of tumour bulk is likely to
be additive.

Steroid receptors, only bore a tenuous relationship with

disease free interval., Oestrogen receptor status was weakly related

to recurrence rates in regional nodes, but not to recurrence free
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interval concerning all types of metastases., Lt is noteworthy, that
a relationship of ER statug in the primary tumour and overall
recurrence free interval, significant at the 95% level of confidence
was previously reported from this centre {(Maynard et al, 1978a),
However, with greater patient numbers and longer follow up ve have
found that this is no longer the case and thus our data lends
support to that of Hahnel et al, 1979 and Furmanski et al, 1980, who
reported that the favourable influence of ER positive status upon
recurrence rate was temporary and that no difference existed at five
vears of follow up,

We have not been able to validate the report of Godolphin et
al, 1981 of an inverse relationship hetween ER concentration in the
Primary cancer and recurrence rates. Tt must be emphasised that
although the Godolphin study used similar methodelogy for receptor
asgay to that of the Nottingham~Tenovus project, analyses pertaining
to recurrence free interval were retrospective and were not carried
out by any of the clinicians directly involved with patient care.
Standards of record keeping were high (Personal comnunication,
Eiwood) bhut nonetheless the validity of that study is limited by
errors of retrospective analyses,

Contrary to the findings of Pichon et al (1980) we have not
found progesterone receptor status alone to he a useful marker of
recurrences, but as cutlined previously, the Pichon study was flawed
by an uneven distribution of various tumour stages. Our findings
are rather more in agreement with Skinner et al (1980} who
demonstrated a non significant trend for ER+/PR+ tumours to have

Jower recurrence rates,




In conclusion, histological grade was the most useful marker of
recurrence rates. DNespite the highly signlficant association of
grade and ER, the latter was only tenuously associated with tumour

growth behaviour,
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Patterns of Metastaseq_iE_Breast Cancer

Introduction

In the last chapter, we comsidered the recurrence free interval
after mastectomy, which is an important clinical measure of growth
behaviour of breast cancer and has prognostic significance (Devitt,
1976). Variable metastatilc patterns are seen following mastectomy
and these are of additional prognostic iwmpertance. Distant
metastases are particularly important and the initial or predominant
slite of involvement 1s related to the outlook.

In a study of 1042 patients at the Radiumhemmet, Nohrman
obhserved a 4% survival rate at five vears following detection of
metastases .i_[‘l.-l'fl‘{} patients with predominantly bony secondaries,
whereas none of 114 patients with visceral secondaries were alive at
three years {Nohrman, 1949). In an elegant study of two series of
patients who presented to the University of California Hospital,
Shimkin et al (1954) demonstrated that patients with “osseous’
metastases (ie. whose initial site of involvement was in bone)
enjoyed a longer disease free interval than those with ‘generalised’
secondaries (ie. initlal secondaries in lung, liver, other intra-
abdominal organs, distant lymph nodes) although differences were not
significant (median = 27 months for osseous metastases versus uedian
of 19 months for ‘generalised’ secondaries), In addition ‘osseous’
metastases were assoclated with a significantly better survival
which in fact was as long as that associated with local recurrences,
Papaiocannou et al (1967) reported similar findings concerniag both
disease free interval and survival. A greater proportion of

patients with bone secondaries had developed their first recurrence
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more than five years following mastectomy than had patients with
visceral metastases (35% for the former versus 237 fot the latter).
Average survival following detection of secondaries was 1.9 years
for the bone secondaries compared to 1.0 years for the visceral
metastases. Thus, the secondary site of involvement by metastatic
breast cancer appears to bear a strong relationship to survival and
a rather weaker relationship to recurrence free interval. Patilents
with skeletal secondaries fare better on both counts.

Factors which govern the distributien of distant metastases are
unknown in human breast cancer but it seems unlikely that sinple
anatomical factors can bhe solely responsible for the observed
patterns. Metastases from breast cancer are considered to be blood
borne yet rthe observed distribation of clinical secondaries in
breast cancer does not parallel the distribution of the cardiac
output of blood. In cone cardiac cycle, 100% of the cardiac output
will traverse the lungs, 30% the liver, 20% the kidney, 15% muscle,
15% brain, 0% skin but only 10%Z will traverse the skeleton
(Detweiler, 1973). As is well known, Lhe skeleton is the most
commen secondary site of involvement by breast cancer {Cutler, Asire
and Taylor, 1969).

In this study, intrinsic factors in the primary cancer have
been related to the first distant site which hags become involved by
metastatic disease, In addition, the prognostic significance of
metastases in different sites has been considered., Few of the 167
patients who have had progesterone receptor assayed have developed
metastases and thus they have been excluded, Similarly, beocause the
total number of patients with secondary metastases was ralther small,
oesltrogen receptor status but not guantitative levels have been

considered.




The Present Study (Study_él

The first 550 women in the Nottingham=-Tenovus serles who have
been followed for a minimum interval of two years, formed the basis
of this study., In previous chapters, patient numbers have been
confined to those with all parameters measured in their primary viz.
stage, tumour size, histological grade and ER status, but in this
study all patients with ER and all with grade have been included,
irregpective of the other parameters. Thus, the numbers in each
group were slightly different.

Following mastectomy, all patlents were followed up routinely
and a clinical examination was performed every three months until 18
months and every six months thereafter until five years and at
annual intervals from then. Routine bloed tests includiung full
blood counts, liver functilon tests, serum calcium and alkaline
phosphatase were performed six monthly and chest =n~rays at annual
Intervals. Bone scans were performed annually on the first two
hundred patlents for five years, on three hundred patients for four
vears, two hundred for three years and cne hundred for two years.
They have been abandoned as a routine follow up investigation
because of a poor yield, but were still performed at the time of
mastectomy and for the Investigation of bona pain.

Additional investigatians were performed for clinlcal
indications:

Bkeletal surveys were carried out for an elevation of alkaline

phosphatase, or a fall of haemoglobin or for appropriate symptoms or
signs. X-rays were taken to elucldate the nature of any ‘hot spot’

on bone scan.




Isotope or ultrasound liver scans were performed for symptomatic or

clinical reasons or when gamma glutamyl transferase or alkaline
phosphatase of liver derivatlion was elevated.

Isotope brain or cat scans were performed as clinleally indicated.

No patient in thls study received any adjuvant therapy prior to
recurrence. When a major recurrence was detected at any site, then
patients were referred to the advanced breast cancer clinic for
assessment, All patients then received a full history, physical
examintion, full blood count, liver functicn tests, urinary calcium
test, chest radiograph and skeletal survey, so that the exact
distribution of metastases could be recorded. The site, number,
time of onsct of metastases were carefully recorded in both case
notes and master index. Data concerning ER status and grade was
documented only in the master index and not in case notes, so that
this information was not avallable when the Initial site of
recurrence was recorded.

In this study, ER status and histological grade were related to
the initial site of distant metastases which were considered in

three categories:

ED; Bone Initial distant recurrence in skeleton

b) Viscera - Initial distant recurrence in lung, liver, brain
or intra~abdominal orpgans
¢) Combined ~ When patients had initial distant recurrence at
both {(a) and (b) simultanecusly or within a
one month interval of first detectiou.
The prognostic significance of speclfic sites of metastases has

heen investipated. All patients received endocrine therapy on




detection of recurrence. In order to exclude the potential bias of
this factor, survival rates sccording to sites of metastases have
been compared {a) in all patients, (b) in treatment failures.

Statistical Analysis

Differences Iin the incldence of recurrence rates at different
sites have been evaluated statistically by chi-square tests.
Survival times were compared by life table analysis and statistical

significance evaluated by the method of Mantel (1966).




Results

J. Incidence of initial distant metastases at specific sites

Osstrogen receptor status

Oestrogen receptor status of a primary breast cancer was
unrelated to the total incidence of distant metastases but sﬁowad a
significant relationship to the inltial anatomical site of
involvement: oestrogen receptor positive tumours tended to
metastasise to skeleton, while receptor negatlve tumours showed
affinity for viscera (Table 7 : L),
Histological grade

The histological grade of a primary breast cancer showed a
relationship to metastatic patterns: Grade III cancers had a higher
total incidence of metastases and a disproportionate number recurred
in viscera (Table 7 : II). The incidence of skeletal secondaries
was unrelated to histological grade (Table 7 : 1II).

2. Prognostic significance of anatomical site of involvement

The anatomical site of the initial distant metastasis was
related to survival, both from the time when metastases were
discovered (Fig. 7 ¢ 1) and from the time of mastectomy (Fig., 7 :
2), Median survival from thc rime of presentation with recurrence
was 12 months for patients with bomne secondaries énd 4.5 months for
patients with visceral metastases (p < 0.001). This survival
advantage for bone secondaries over visceral metastases persisted
even when patients who have failed on endoerine therapy were

considered (Fig. 7 : 3).




Table 7 ¢ 1

Qestrogen receptor status and initial distant mctastasis

ER Positive LR Negative P
Total distant 5
mebastases 69 55 X* = @0.15; 1 drf
NS
Site of
metastasis  Bone 42 13 X% = 21.8; 2 df
Viscera 17 36

Combined 10 £ p < 9.0005
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Table 1 : I_{

Histological grade and sites of distant metastases:

Analyses at individual sites

Site of initial Histological grade 5
distant metastases 1 1T [rx X
Bone 7 21 26 0.26; p = 0.9
NS
Viscera 2 10 42 23.9; 2 dt; po<0.00001
Combined 1 7 8 1.1; 2 df; p = 0.6
KS
Total recurrence 10 38 76 15.,5; 2 df; p<0.0005

No recurrence
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Discussion

The prognostic significance of specific anatomical sites of
involvement is clearly shown by this study. Patients witn initial
bone secondaries may expect a longer survival than thoese with
visceral recurrence. This survival difference exists nat only from
the time of clinlcal detection aof secondary disease, buat also when
calculated from the time of mastectomy and it appears likely that it
is the biologically more favourable cancer which develops bone
secondaries. Support for this view comes from previous observations
of a favourable relationship of skeletal metastases, to disease free
interval and survival (Shimkin et al, 1954; Papaiannou et al, 1967).
In addition bone secondaries are known to be more susceptible to
endocrine manipulations than visceral metastases. In a study of 381
premenopausal women with advanced breast cancer, Taylor (1962)
reported an objective response in 38.7% of women with skeletal
secondaries, but only 117 of those with visceral metastases, to
oophotrectomy.

Oestrogen receptor status of breast cancer has also been
related to these same clinical variahles viz., disease free interval
{only in terms of regional recurrence in this study), response to
enddcrine therapy (Campbell et al, 198!) and tc survival (Blamey et
al, 1930). The findings of this study therefore, of a relationship
between cestrogen receptor positive breast cancers and metastases in
skeleton should cause no surprise, This observation is supported by
that of Walt et al (1976) and Stewart et al (1981) who noted a high
incidence of bone secondaries associated with ER positive metastatic
tumour. It must be emphasised, however, that Hahnel et al (1979)

found that sites of sccondary metastases were unrelated to ER

status.




Qestrogen receptor negative and poorly differentiated (Grade
III) breast cancers show affinity for viscera, e, every distant
site other than the skeleton, which may become involved by
metastatic breast cancer, As noted previously, a greater proportion
of the cardiac output of the blood is distributed through viscera
than through the skeletan and 1t 1s conceivable that the virulent
cancer cells of these tumours, having been distributed through the
bloodstream may grow well at whichever site that they happened to
come to rest. The findings of this study emphasise that receptor
positive cancer cells favour the bhany skeleton. This preferential
tendency may be mediated by steroid hormones acting via the
x;eceptors in the ER positive cancer cells. Concelivably, the
hormone~cell interaction could, by some pathway, alter the
environment in bone (metabolic or eotherwise) to favour the growth aof
cancer cells. The exact mechanisms which are responsible have not
been fully elucidated, but this guestion will be considered in more

detail 1in the next chapter.




Chapter 8

BIOLOGLCAL MECHANISMS OF METASTASIS -

PROSTAGLANDIN E2 BIOSYNTHESIS




Biological Mechanisms of Metastasis —

Prostaglandin E, Biosynthesis

Introduction

The last chapter emphasised the significant tendency of
cestrogen receptor positive primary Dbreast cancers to metastasise to
hone.

Prostaglandins of ithe 'E’ series are potent agents which cause
bone resorption in vitro (Tashjian et al, 1972) and they may be
implicated iun the development of bone secondaries from human breast
cancer {(Bennett et al, 1975, 1977 : Chapter 2). Prostaglandins are
produced in greater quantities by breast cancers than by normal
breast tissue (Bennett et al, 1975) but these agents can be
synthesised by every mammalian cell and there is little direct
cvidence that it is the malignant cells of a necoplasm which comprise
the main source of their production.

Prostaglandin production from primary breast cancer has been
measured in KNottingham for two years, and to date we have complete
data op 75 priwmary breast cancers. The present study will relate
prostaglandin production firstly to the tumour cell fraction within
the primary neoplasm and secondly to the oestrogen receptor status

of these tumours cells.




Materials and methods

In 75 primary breast cancers, adjacent tumour sections were
taken immediately after surpgery for oestrogen receptor analysisg,
prostaglandin B, radioimmunoassay and for cellularity assessment.
Oestrogen receptor analysis

Tumour samples were snap frozen and stored at - 200° C §n
liquid nltrogen before being rransported on dry ice to the Tenowus
Institute where the assay was performed, by the Dextran Coated
Charcoal method (see Appendix)., Tumours were considered to be ER
positive when they contain more -than 5 femtomoles specific
vestradiol binding per milligram cytosoel protein.

Prostaglandin E, radioimmunoassay

Tumour samples taken at mastectowy ware similarly f{rozen and
stored at - 200° C 1n liquid nitrogen. Assays were performed in the
Department of Surgery, Nottingham, by the autheor or under wny
supervision. The procedure is simple and is described in detail is
the Appendix. Preparation of tissue (ie. cutting and dissecting
specimans) liberates prostaglandins from damaged cells, and this ig
a recognised source of erroxr. In order to minimise this ervor,
three measured values of prostaglandin E2 were obtained for each
tumour, wviz.

1) Basal PgE, This was obtained after incubation of tumour blocks
with Ethanol, which totally inactivates prostaglandin productior.
‘Basal’ Pghy, 1s 2 measure of extracellular prostaglandin as well as
that liberated by tissue preparation, but does not represent Pgﬁg

synthesis.
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2)_ERE§l_PgE2 This value was obtained after incubation of tumour
blocks with Arachidonic acid (the prostaglandin E precursor) which
promotes PgE, synthesis. Total” valuesa therefore consist of
‘Basal’ Pgl, plus any which is synthesised.

Both of the above measurements are subject to the errors of
tissue preparation.

3) Synthesised PgE, This value was calculated by deducting the

‘Basal’ from the ‘Total’ value for each tumour and the resulting
PgE2 level was taken as the measure of tumour PgE, synthesls under
test conditioms {Bennett et al, 1977). TFurthermore when we deduct
‘Basal’ from ‘Total” PgE,, we subtract the inherent errors due to
tissue preparation.

Cellularity assessment

Tumour epithelial cellulariky was assessed by an objective
histomorphle technique similar to that of Underwood (1972).
Briefly, a proportional count of cancer cells was carried out using
an eyepiece graticule, in all fields eof 3~3 histological sections
from ecach tumour and expressed as a percentage against non malignant
material. The method is described in greater detail in the
Appendix.

Statistical analyses

Distribution of all Pgk, values was extremely skewed. Thus,
Wilcoxon Rank Sum tests were used to calculate the significance of
frequency variation and Kendall's Rank test was used to calculate

the significance of correlation.

L=Fy




Results

Forty seven prlmary cancers were oestrogen receptor positive
and the remainder ER negative. Tumour epithelial cellularity varied
from 13 - 85% with a mean - se of 43 - ?:.7% (Fig. 8 : 1),
Cellularity was unrelated to ER status (Fig. 8 : 2).

No differences in ‘Basal’ or "Total’ PgE, values were seen
between ER positive and negative cancers. Synthesised Pgk, levels
were higher in ER positive cancers, although differences were not
gignificant (Fig. 8 : 3). A significant relationship between
synthesised PgE, values and btumour epithelial cellularity was seen
(Fig. 8 : 4). This relationship was particularly strong in the
receptor postitive group of tumours (Fig. 8 : 5). The greater the
cellularity, the greater the gk, production. Therefore, measured
Pgk, values were related to the tumour cell fraction of every cancer
by the formula:

Tumour Cell PRE, = Measured PgE, x 100

Actual Perxcentage Tumoutr Cellularity
Tous an even “correction” of Pglh, values for cellularity variation
was applied across the whole range. When this was done,
significantly higher synthesised PgE2 values were found in the

tumour cell fraction of ER positive tumours (Fig. 8 : 8).
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Discussion

This study had two main findings. Firstly, the magnitude of
PgE2 synthesls was directly related to the proportion of tumour
cells within a primary breast cancetr. A weak relatlonship of PgE2
production to tumour cellularity was observed when all tumours were
consldered, but a much stronger assoclation existed within the
receptor positive group. These observations support the view that
malignant cells and not stromal cells or other components comprise
the main source of prostaglandin production within a neoplasm
(Bennett et al, 1975, 1977). Thus it seems logical to relate
measured Pgli, values to the tuwour cell fraction of a primary breast
cancer in other words, to express PgE2 values as units of production
per tumour cell, When this was done, by the simple method of
correction described, the second finding of this study emerged: that
ER positive tumour cells synthesised higher PgH, values than
receptor negative cells.

The breast is an ocestrogen target organ., It is well known that
prostaglandin production by other oestrogen target tissues, 1s
hormone dependent. Downie et al {1974) has shown that a two fold
increase dn prostaglandin secretion by human endometrium occurred
with a four fold increase in ocestrogen levels during the
proliferative phase of the menstrual cycle. Demers et al (1%74)
demonstrated in experimental animals that ocoophorectomy caused a
matrked fall in prostaglandin concentration in uterine fluid, This
hormone dependence of prostaglandin synthesis is retained even in
malignant tumours of oestrogen target organs. S8ingh et al (1975)

demonstrated a sharp rise 1in prostaglandin E2 production by human




endometrial adenocarcinomas which accompanied an elevation of
circulating oestradiol and progesterone at different phases of the
menstrual ecycle. In breast cancer, Rolland et al (1980) failed to
find any significant relationship of PgE2 synthesis and ER status
but in this study prostaglandin values were expressed relative to
units wet welght of tumour, and not corrected for cellularity. This
same author, however, later demonstrated that natural oestrogenic
hormones (particularly oestradiol) were the most potent stimulators
of prostaglandin synthetase in tissue preparations of 261 human
breast cancers and that Tamoxifen was a potent inhibitor (Rolland
and Martin, 1981)., Thus there is good evidence that prostaglandin
production by ocestrogen target tissues, and by tumours of there
tissues, d1s hormone dependent. The findings of this study,
therefore, of higher prostaglandin E2 synthesis by breast cancer
cells which are likely to be hormone dependent (ER positive) accords
with this experience.

As shown in the last chapter, ER positive primary breast
cancers preferentially metastasise to hone and the present study
demonstrates that ER positive cancer cells synthesise higher amounts
of prostaglandin E2. From the data in thls study, it would be
possible to postulate cause and effect between ER status, high
prostaglandins and bone secondaries. Bone metastases are
haematogeneous 1n origin and develop almost exclusively from within
the sinusoids of red bone marrow. Once established, tumour cells
spread into the marrow spaces and the canal system of compact bone,
surrounding the trabeculae and subsequently invading the cortex

(Willis, 1973), VFrom the findings of the present study, 1 postulate




the hypothesis that cestrogen receptor positive cells, following
haematogenous dissemination, find a hospitable environment in bone
hecause of oestrogen medlated (via the receptor) prostaglandin
production. The Increased local concentrations of prostaglandin EZ
would effect osteolysis and thus remove physical barriers to tuwmour
cell replication and facilitate the appearance of clinical
metastases.

It would of course be tempting to draw immedliate therapeutic
implications from the findings of this study, but such a course of
action would be premature. This study has simply demonstrated an
assoclation between ER positive hreast cancer and bone secondaries
on one hand and ER positive breast cancer cells and high
prostaglandin production on the other. This relationship may indeed
be causal. Tllowever, it is worth remembering that ER positive breast
cancers do have a better natural history than ER negative tumours.
Before interfering therefore, it is necessary to ascertaln whether
high prostaglandin biosynthesis has any landependent prognostic

significance within the oestrogen receptor positive group.
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Response of Advanced Breast Cancer to Systemic Therapy

a) Assessment of Response

Introduction

Seventy five to eighty percent of patients with breast cancer
eventually die of metastases, despite good local centrol (Briokley
and Haybittle, 1975; Mueller and Jeffries, 1975), Certain aspects
of metastatic disease, such as its rapidity of onset following
mastectony (disease free interval) and the anatomical sites of
invelvement carry considerable prognostic significance and have been
considered in previous chapters. A further lwmportant aspect 1s the
susceptibility of metastascs to systemic therapy, ie. a c¢linical
response to treatment. This concept can be defined as sone
measurahle reduction in the patient’s tumour burden which results
from treatment.

In some rare tumours, serum biochemical messurements give an
indication of the total tumour bulk. For example, the magnitude of
myeloma proteins and human chorionic gonadotrophin correlate well
with the bulk of myeloma and choriocarcinoma respectively and low
levels of thege parameters after trecatment can be taken to indicate
a state of remission (Sullivan et al, 1972; Bagshawe and Searle,
1977), In metastatic breast cancer, no such reliable markers exists
and we must rely upon direct measurement of visible or palpable
deposits, radiographic shadows or occcasionally of isotope Sscan
abnormalities in order to quantify a response to therapy.

In recent decades, the practice of cancer medicine bas reached
progressively higher levels of scientific sophistication. Clinieal

investigation of cancer therapy has become mere controlled and




objective, with meticulous treatment methodology and clear study
objectives; The technology of experimental cancer therapy can
isolate pharmacokinetic and physiclogical effects of a new treatment
modality in considerable detail. However, the area of clinical
assessment of response to anticancer therapy has been ignored until
recent years. Until the middle of the nineteen seventles, there
were no standard criterla by which a response to therapy could be
assessed in patients with metastatic breast cancer. Well controlled
c¢linical trials carried out previously are now valueless since the
effects of their treatwment methods were assessed by rule of thumb.
The advantages of a uniform and stringent set of criteria for
evaluation of respouse are obvious: results from different centres
may be compared and the management of individual patients would be
improved and set upon a more secientific basis., This is particularly
true in patients Lreated by endocrine methods when the chofce of an
optimum second line therapy mav rest with a prior response to the
first.

A major advance jin this area came with the formulation of a set
of criteria, firstly by the British Breast Group (1974) and secondly
by the UICC in 1976 (Hayward et al, 1977). 1In addition, the
American Breast Cancer task force, formulated a rather similar sat
of eriteria, but differences of definitions exist (Breast Cancer
Task Force Committee, National Cancer Imstitute, 1977). The UICC

method 1s most widely accepted and will be discussed briefly.

Definitions of response by UICC criteria (Hayward et al, 1977).
All lesions should be measured at each assessment, but it is

recognised that this may not be possible when multiple lesions are




present. In such circumstances a representative number of 8 or more
may be selected for measurement. Two categories of objective

response are recognised.

1) Complete response: Disappearance of all known disease. Lytic

bone metastases must have Dbeen shown radiologically to have
calcified.

2) Partial response: A greater than or equal to 50% decrease in

the sum of the products of the diameters of measurable bidimensional
lesions or a similar percentage decrease in one diameter of
unldimensional lesions such as liver involvement or mediastinal
enlargement. Objective improvement must be shown to have occurred
in evaluable but non measurable lesions (eg. osseous metastases,
pulmonary infiltration, pleural effusion or skin infiltration),
although no guidance is given Iin this context to the meaning of
‘objective improvemcnt’.

The report recommends that patients in whowm one of the
following is the sole manifestation of disease, should be excluded
viz. lymphoedema, hilar enlargement, pleural effusion, ascites,
metastases in the central nervous system, marrow suppressicon or
osteoblastic skeletal lesions. It was recommended that a clinical
impression of response should be confirmed by two observatiouns, four
weeks apart. The final recommendatlion in the report was that all
patlents under study should be agsessed by extramural reviewers.
These c¢riteria yepresent a significant advance in treatment
methodology. Nonetheless, many weaknesses exist and a brief review

of potential error sources may be worthwhile.




Errors in assessment hz UICC criteria

Errors may arise in a variety of clinical situations, eg.

1) Direct measurement gﬁ_g_palpable breast tumour

Serial measurement of 2 palpable tumour mass with calipers or a
ruler is arguably the easiest assessment to make and ought to be
foolproof.

There is little uncertalnty about a complete response, but
before contemplating the significance of a partial response we must
firstly consider the composition of a breast cancer. The palpable
wmass is comprised of solid and fluid compartments. The former
comprises both normal cells, eg. macrophages, endothelial cells,
fibroblasts and inflaﬁmatory cells, which may be present in
conslderable numbers 1in a necrotic neoplasm, as well as malignant
cellss The fluid component comprises intravascular and ocedema fluid
which may be considerable im an inflammatory neoplasm. 7Thus a
reduction in tumour ‘size” may be due to a decrease in any one or
any combination of these constituents. Theoretically, one could
argue that a short term reduction of tumour size by chemotherapeutie
agents could be due to their cytotexic action upon inflammatory
cells and conversely that the actions of endocrine therapies upon a
Lumour cell fractiom could be masked by their side effect of fluid
retention.

Even with a manoeuvre as simple as that of measuring two
diameters of a neoplasm, observer error is an important facter.
Moertel and Handley (1976) designed an experiment to evaluate
observer error in the serial measurement of saeperficlal lumps.

Twelve solid spheres measuring from [.8 to 14.5 cms were placed upon
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a soft mattress and covered with foam rubber. Sixteen experienced
oncologists each measured the 12 simulated tumour masses by their
usual clinical methods. Unknown to the oncologists two palrs of
‘tumours’ were ldentical Iin size. When a 50% redunctlon in the
product of the perpendicular diameters was used as a criterion, the
objective ‘respense’ rate due to observer error alone was 7.8% by
the same investigator and 6.8% by different investigators. Because
of the ideal conditions the authars felt that the results covuld be
viewed as a conservative estimate of measurement variations in real
life conditions, where tumours are non spherical, of wvarying texture
and where the bearer of the tumour is not often as immobile and
compliant as a mattress.

2) Radiographic measurements

a) Lung metastases: It is recognised that evaluation of a 50%

reduction of lymphangitis is difficult, and Indeed this point is
conceded in the UICC criteria, but no specific recommendatlions are
made. Nodular lung metastases should be measured in two directions
whenever possible. The physical size of an x-ray shadow is
depeudent on several factors, including the distance between the
lesion, the photographic plate and the x-ray source, the degree of
penetration and rotational differences. Patients with solitary
circular lung metastases from breast cancer are rare and frequently
we have tu take several representative diameters to make an average.
When magnification, orientiation and penetration facteors are taken
intae account, it 1s optimistic to hope that comsistent measurements
can he obtained even in the most favourable circumstances. It is

noteworthy that each perpendicular diameter need decrease only by
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30% to achleve a 507% reduction of their product (Moertel and Hanley,
1976). To take an example, a deposit measuring 5 mm x 5 mm need
only decrease in eize to 4 mm X 3 mm to be considéred a response.
In this area, observed errxor is alsco likely to be an important
factor.

When a leslion encroaches upon the mediastinum, a reduction of
50% in one diameter is acceptable as indicative of a response by
UICC criteria,>but in these circumstances we have noe means of
ascertaining where the lesion begins and ends and indeed the visible
ahnormality may merely represent the tip of the iceberg. Similar
difficulty arises when the shadow of the lesion being assessed
encroaches upon an area of atalectasis or counsclidation.

b) Skeletal secondaries: Assessment of response of skeletal

secondaries from breast cancer is arpguably the most difficult
exercise of all., Osteoblastic metastases are extremely difficult to
assess and indeed one part of the UICC report recommends that
patients with this type of secondary as Lhe sole manifestation of
disease be excluded fromassessment and another part includes
"osseous metastases" as evaluable but not measurable disease
(Hayward et al, 1977).

Lytic skeletal secondaries must be shown radiologically to have
calcifieds A complete response is easily assessed but unfortunately
is relatively rare. A partial response would be assessed hy the
presence of some calcification of some lytic lesions with a
reduction of their diameter. Breast cancer is characterised by
three types of bony secondaries, osteoblastic, osteolytic and mixed,
At a plven point in time, 1lytic metastases with partial
recalcification cannat be reliably distinguished from mixed skeletal

secondaries in which the 1lytic component appeared first, to be
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followed by the ovsteoblastlc component. The Tadiological
appearances of both categeries are similar.

Assessment of lesions in vertebrae may be difficult., Gas
shadows in bowel which appear superimposed upon lateral films of the
vertebral column and may mimic lytic wetastases. The significance
of increasing density in a collapsed vertebra due to metastatic
involvement 1s difficult if not impossible to evaluate.

3) Other

The UICC criteria permit the use of serial lsotope scans in the
assessment of a change of dimensions of a metastasis, both in
skeleton and in liver, This is fraught with difficulty. 1In the
former situation we cannot be certain, unless radiological evidence
is also available that any ‘hot spot’ is a metastatic deposit.
Furthermore, a metastasis which heals may either become ‘cold’ or
remain "hot’. In the liver, we cannot ascertain the margin by which
the tumour deposit extends beyond the “edge’ of the image on our
screens,

The UICC criteria were designed to facllitate cbjective
evaluation of response to therapy, but in the common clinical
situations listed above, they consist of no more than a series of
subjective assessments.

Given the difficulties of assessment outlined above, the
varfatioens of reported response rates in different centres with
similar treatment schedules can come as no surprise. The response
rate to Tamoxifen has variously bheen treported between 227 and 49% in
patients with advanced breast cancer (Henderson and Canellos, 1980)

and similar difficulties have been encounterved with chemotherapy.




In 1969, Cooper claimed an 88% complete response rate with CMF-VP
{Cyclophosphamide, Methotrexate, 5-~Fluoruracill, Vincristine and
Prednisone) in an intensive weekly induction course followed by a
less intensive maintenance schedule. QOther authorities who have
attempted to repeat the work have found a variable response rate
between 20 to 70% with an average total response rate of 47% and a
complete response rate of 20% (Carter, 1976).

One might anticipate that experienced clinical oncologists
would take little notice of reported variations of response rates,
but such is not the case. When the anti ocestrogen drug Tamoxifen
was first 1ntroduceé, the dosage recommended was 10 mg b.d.
However, following a publication by Ward (1973) of a higher
fncidence of "reversal or arrest of tumour growth'” with 20 mg b.d.,
cliniecal practice has changed. Tt is interestiuyg to reconsider
Ward’s data: 77% of 33 patieants showed 'reversal or arrest of tumour
growth" with the higher dosage compared to 607 for the lower dosage.
When a 50% reduction of tumour size was used as a criterion, the
response rates were 40% for the higher and 36% for the lower dose
regimes.

There are certain areas where the UICC criteria could be
tightened. Of the many reports which claim to follow the UICC
guidelines very few include the use of external assessors (eg.
Roberts et al, 1978) and widespread acceptance of this
recommendation could improve accuracy of assessment. A further
dimension which couwld also improve the accuracy of response
determination is that of time. The natural course for a breast

cancer is to grow and when observations are carried out at a




specific interval after initiation of therapy, a 50% reduction in
the product of the perpendlcular diameters of the Iinitial size
actually represents a greater reduction of the size which the
untreated tumour would have reached by the end of that specific
interval. Thus a lengthy time interval of obscrvation provides some
natural assistance to the accuracy of response determinabtion and
sexrves as a counterbalance tec the difficulties of measurement
presented by the elinical circumstances previously outlined.

How long should the minimuir duration of regression laslt before
belng considered a response? The UICC criterla recommend an
interval of only four weeks. The median doubling times for bLreast
cancers have been variously reported from 83 to 120 days (Spratt,
1377; Gershon-Cohen et al, 1963). Let us assume an average of 90
"days (or three months) and for the sake of the hypothesis, ideal
clircumstances, 1f we had a tumour deposit measuring 10 mm x 10 mm,

then its volume is 523.5 mm3. At three months its volume would be

3 and 2094 mm3 at six months. Thus at three months a 50%

1047 mm
reduction of the product of the diameters to 50 mmz, would represent
a 68% reduction of the products of diameters of the size which the
tumwour would have reached by three months, and an 80% reduction of
the size whiech the lesion would have reached by six months. The
longer interval also enables the oncologist to distinguish clinical
‘artefacts’ from a true response. The original British Breast Group
criteria (1974} include a recommendation that any tumour regression
should last a minimum interval of six months before being considered

a response, but few centres outside Nottingham have recognised this

criterion.




In this study, the response rate to primary endocrine therapy
io women with metastatic breast cancer who have been previously
untreated by systemic means has been evaluated by UICC criteria with

the additiecnal proviso that all tumour regression must be maiatained

for a minimum interval of six months., External assessment has been
carried out. Specific areas of difficulty have been Investigated
and the response rate and survival benefit of primary endocrine

therapy has been evaluated.

T L P SR




Patients and Methods

Patients

Between 1973 and 1981, one hundred and seventy-seven of the
first 620 women in the Nottingham—Tenovus series developed advanced
hreast cancer for which systewmic therapy was considered necessary,
These rtecurrences Ilncluded histologically confirmed skin [lap or
lymph node metastases which were unresponsive to radiotherapy and
distant secondaries confirmed by clinical examination, plain
radiographs, liver function tests, brain or liver scans or biopsy.
Chemotherapy was given as first line therapy to 20 patients and
nineteen died without receiving systemle therapy. The remainder
were treated by primary endoerine therapy. PFPremenopausal women were
generally treated by surgical bilateral ocophorectomy, whereas
postmenopausal women were given the anti oestrogen drug Tamoxifen
{(Nolvadex, TCT) in a dose of 10 mg b.d. in the early years of the
study and later increased to 20 mg b.d.

Seventeen patients, Iincluding five who had adjuvant
chemotherapy, four who had co-existent primary tumours of another
organ, two who had bhilateral breast tumaurs of different ER status,
two who were lost to follow up and four with non assessable disease,
were excluded from the analysis. The four women in the last
category included thrce who had had simultaneous Tamoxifen and
radiotherapy to localised bony secoandaries and one patient who had
had a pulmonary Lobectomy for a sclitary lung secondary with
subsequent Tawoxifen. Thus one hundred and twenty-cne patients were
assessable for response to primary endocrine therapy and these

patients forw the basis of the prescnt study.




Patients with secondary breast cancer were assessed at monthly
or two monthly intervals at the Advanced Breast Cancer clinic as
outlined previously., Objective clinical wmeasurements with relevant
investigatlons and x~rays were performed at least of two and six
months following commencement of endocrine therapy. All data
concerning each patient was carefully documented in a standard form
and entered into an advanced breast cancer file, before being
transferred to the master index,

Response to therapy was assessed by UICC criteria (Hayward et
al, 1977) but the British Breast Group recommendation (1974) of =a
mandatory regresslon interval of six months was observed.

All patients who failed to fulfill the strict criteria of
response were considered te be treatment failures, I1irrespective of
the length of time that they received endocrine therapy, eg. if a
patient died only 24 hours after receiving this treatment she was
consildered to be a treatment failure, External review was carried
out by Dr. A. Howell, Consultant Medical Oncologist, Christie
Hospital, Manchester and Mr. J.M. Morrison, Consultant Surgeon,
Selly Oak Hospital, Birmingham.

In this study, the predominant site of involvement by
metastatic disease refers to that which was evident at the time of
starting treatment. Survival rates have been calculated from the
time of c¢linical appearance of secondary disease for all patilents
with distant metastases and from the time of commencing systemic

therapy for patients with local or regiomal recurrence.




Results

Twenty—~two patients out of 121 responded to therapy by the
criteria outlined, giving a total response rate of 18.2%Z. Responses
were complete in 9 patients and partial in 13,

Of the 99 patients who failed to respond, disease was clearly
static or progressive in 79, Twenty patients were ionitilally
considered to show tumour regression, but follow up to six months
revealed “clinical artefacts’ which mimicked a respouse. In 10
patients, early assessment demonstrated significant resolution at
one site with simultancous but undetected progression at others
(Table 9 : I). Condensation around lytic bone sccondaries on x-ray,
was Initially misinterpreted as recalcification in six women but
prolonged observation showed these to he progression of the
osteoblastic component of mixed bone metastases (Fig. 9 : la,b,c).
In four women, some regression of secoudary disease occurred but did
not meet the criteria viz. diminution was less than 50% in two, was
not evaluable or measurable in one patient who had ostegblastic hone
secondaries and regression of a pleural effusion, and in one patient
narked tumour regression was not sustained for six months.

The predominant secondary sites of involvement in responders as
opposed to treatment failures is shown in Table 9 : II.

Survival following the onset of metastatic disease was
significantly better in responders than non responders (Fig. 9 : '2).
Endocrine sensitive tumours recur in more favourable secondary sites
and may be slower growiling. Thus 1t may be misleading to attribute a
survival advantage of an endoerine response to a therapeutic

benefit. For this reason survival of responders against fallures




Table i 1

Mixed progressive disease

n
Regression of bone secondaries/progression visceral lesiouns 4
Repression some bhone secondaries/progresslion others 3

Regression of lung secondaries/progression bone lesions 3
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Table 2.i II

Predominant sites gé_involvement

Endocrine responders versus failures

Responders Tailures

Lacal/regional 6 12 (42)
Bone 11 34
Combined bone and other

distant organs 3 11
Lung 2 24

Liver 0 12

Brain 0 4

Mixed viscera 0 3




Responders
"

X2 = 38,7 1df
p < 0. 00000001

Survival probahility

Treatment failures

|
6 12 18 24 30 36 42 4 54 60 >60

Time {months)

Pig. 9 : 2 Fndecrine treatmeul responders versus Lreatment

failures: all patienis.




has been considered in a group of patients with a single secondary
site of involvement (bone metastases). In this group the survival
advantage of treatment responders over fallures persists (Filg. 9

3)s Within this group, no difference in the Incidence of
histological grades belween responders and failures was seen (Tahble

9 : III).
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Fig., 9 : 3 Patients with bone metastases only. .
|

Indocrine responders versus failures.




Table 9 : III

Predominant bome secondaries:
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Incidence of

histological grades

I & IT

Respanders g

Tailures 18

Yates’ correction %2 = 0.2; p

ITT

4

16




Discussion

The response rate of 18.27%7 to hormonal therapy in this study is
lower than that reported by others {Carter, 1976) but our criteria
of assessment are unusual in that they 1include a mandatory
regression interval of six months., Few centres recognise such
terms. It might be arguned that any tumour regression is beneficial
irrespective of {ts duration and if recognitlon is limited to that
which persists for a speclfic interval, then a proportiaon of
patients with a short term response might be denied a second line
endocrine therapy with a subsequent, zlbelt short lived remission.
In this study, however, the main advantage of a six month period of
obgservation has been our confident ability to exclude mixed
progressive disease and other clinical ‘artefacts’” which mimic a
response to therapy. In only one case was a Lrue objective
regression recorded which lasted less than six months. Thus, it
seens Likely that the higher response rates with endocrine Cherapy
quoted elsewhere, may be erroneous!

It may be easily forgotten that response to therapy is oot an
end in itself. TFew studies have analysed the relatlonship between
response and survival and there is little hard data which shows that
good quality life can be usecfully extended by treatment schedules,
Indeed, the Eastern Co-operative Oncology Group demonstrated that
combination chemotherapy which induced a2 higher response rate
conveyed no surxrvival advantage over single agent chemotherapy in a
randomised trial involving 687 patients with advanced breast cancer
(Tormey et al, 1977). Thus a higher response rate had no apparent

survival benefit.
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The relationship between response to therapy and survival is
complex but it does not totally defy interpretation. For example we
have shown in the present study that responders to endocrine therapy
enjoy a prolonged survival, in agreement with others (Taylor, 1962).
However, this finding cannot of itself be considecred adequate proof
of the value of a regimen because tumours which are most apt to
respond Lo endocrine measures are likely to be slow growing and as
shown in previous chapters are more likely to recur in favourable
secondary sites and thus have a better outlook lrrespective of
endocrine therapy. For that reason we have cousidered the inmpact of
a remission with hormonsl treatment only in patients with
involvement of the most favourable secondary sile ie. in the hony
skeleton. As shown elsewhere in this thesis, metastases in bone are
agsociated with a longer survival than metastases in viscera. As
also shown in this thesis, the histological grade of a cancer 1s the
best intrinsic marker of its rate of growth, and there is no
difference in the incidence of histological grades between
responders and treatment failures with bone secondaries, in this
study. The only measurable differences in these two groups of
patients werce a response to endocrine therapy, on onc hand and a
significant survival benefit on the other. Thus, by thec use of
strict eriteria for evaluation of response we have been able to
ildentify a group of patients who have enjoyed a true benefit and a
true survival advautage from endocrine therapy.

This study also shows that patients with skeletal secondaries
have a relatively high response rate (28%) to endoerine therapy, in

agreement with others (Taylor, 1962; Mouridseu el al, 1978). The
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response rate of local and regional recurrences 1s high when these
are the sole secondary sites of inveolvement (5/15), but when all
patients with recurrences in these areas are consldered,
irrespective of metastases elsewhere, the response rate drops
(4/41)s The reason for this discrepancy is not clear.

In this study, we have grouped oophorectomy in premenopausal
women and Tamoxifen in postmenopausal women together as primary
endecrine therapy. The reported response rate with elther modality
ig similar (Henderson and Cannellos, 1980Q) and this convenience
appears justifiable. In the next chapter I shall relate a response

to measurements of intrinsic parameters in the primary tumour.
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Chapter LG

PREDICTION OF RESPONSE OF ADVANCED BREAST CANCER

TO ENDOCRINE THERAPY




Prediction of Response of Advanced Breast Cancer

to Endocrine Therapy

Endocrine therapy — Introduction

It 1g almost 90 vears since the first effectiva cophorectomy
was carried out in premenopausal women with advanced breast cancer.
Beatson, working at Glasgow Cancer Hospital, reportéd successful
results in three patients treated by oophorectomy and was moved to
formulate his own theory of the pathogenesis of breast cancer and
the mechanisms of hormonal therapy. lle wrote,

"We must look in the female to the ovaries as the seat of the
exciting cause of carcinoma of the mamma.... there seems evidence
that the ovaries have comtrol in the humwan body over 1local
populations of epithelium and has an effect on carcinoma of the
WaMMa...., removal of the tubes and ovaries helps carcinoma of the
mamma in its natural tendency to fattvy degeneration. This effect is
best seen in cases of carcinoma in young people.” (Beatson, 1896)

Mechanisms of tumour regression with endocrine therapy

Cur understanding of the mechanisms of hormonal action and in
particular of Lhe mechanisms of tumour regression followlng
endocrine therapy have only progressed a little since Beatson’s time
and many aspects of the cellular events are poorly understood.
Certain essentlal points are worthy of review.

In hoermone dependent human breast cancers, the percentage of
cancer cells which ipcorporate 3H*Thymidine into nuclear DNA, falls
after initiation of endocrine therapy suggesting a decrease in the
number of cycling cells. Endocrine therapy has no influence upon

thymidine incorporation, however, in treatment fallures

229 .




(Nordenskjold et al, 1976). Experimental DMBA (Di-Methyl-Benz-
Anthracene) Induced rat mammary tumours are hormone sensitive and
recede following oophorectomy. When regressing tumour fragments are
transplanted into non-ovariectomised rats, regrowth occurs which i§
indistinguishable from that of untreated tumours when transplanted
into the same rats {(Guillino et al, 1972). Oestrogeun sensitive
lines of human breast cancer cells cg. the MCF~7 cell line derilved
from malignant cells of a pleural effusion, grow very slowly in the
absence of oestrogen but the addition of increasing meolar
concentrations stimulates cellular replleation and nuclear trapping
of 3H-—-Thymidine, until a plateau is reached. The addition of an
anti oestrogen to the wmedium causes cell death (Lippmann et al,
1977). Interestingly, bhigh levels of cestrogen also cause cell
death, but this appears to be a non-specific steroidal effect, which
also occurs even when inactivated oestrogens are nused (Osborne et
al, 1978). All of these observations suggest that the primary
ef[ect of hormone therapy is the removal of a stimulus for tumour
growth, It is uncertaln whether all hormone scnsitive cells are
killed by endocrine therapy, ané there is certainly no evidence that
all metastatic deposits have ever been eradicated in any given
patient.

Prediction of response to hormonal therapy

Endocrine treatment measures, whether additive or ablative,
have nonetheless heen proven to be an effective palliation for
advanced breast cancer (Taylor, 1962)., Between 18 and 40% of
patients will respond and enjoy a complication free remission

lasting between 12 and 14 months (Henderson and Canellos, 1980).
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Until recently, the choiece of systemic therapy, whether endocrine
therapy or chemotherapy, was based upon clinical c¢riteria, Patients
likely to respond to endocrine therapy would include those with a
long disease free interval, with predominantly hony or seft tissue
secondaries (Tayvlor, 1962) a prior hormonal response and a limited
number of metastatic sites (Kennedy, 1974). Often a trial of
treatment was the most feasible way of separating hormonally
responsive from non responsive tumours.

It has become clear, however, that hormonal respansiveness 1is
not a function of the patients internal hormonal wmilicu, as
postulated by Beatson, but rather & function of the presence of
hormone receptors in Lhe tumour cells, It is over ten years since
Jensen first reported the presence of ocestrogen receptor in an
experimental mammary tumour {(Jensen 2t al, 1968) and he later
demonstrated the value of this discovery in human hreast cancers.
In a group of 27 patients Jensen reported a response rate of 66% to
endocrine therapy in tumours possessing the receptor compared to
only 4% in tumours lacking the receptor (Jensen et al, 1973). This
association between the presence of oestrogen receptor and response
of a tumour to endocrine therapy, have been confirmed by other
authors (McGuire, 1975; Roberts et al, 1978; Allegra et al, 1979),
Oestrogen receptor slatus of the target tumour is a better marker of
hormone responsiveness than the clinical criteria mentioned above
(Allegra et al, 1980) and represents an important advance in
therapeutics. Not only is the prescnce or absence of measurable
receptor important In predicting a response, but the quantitative

value of receptor 1s also significant. High levels of ER favour a

response {Osborne et al, 980; King, 1980).
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Progesterone receptors represent the end product of the
vestrogen dependent pathway in breast cancer cells (Horwitz et al,
1975) and the presence of both oestrogen and progesterone receptors
may be indicative of a particularly high response rate (Oshorme et
al, 1980; Brooks et al, 1980) although others have failed to confirm
this (Manni et al, 1980). Histological grade is related Lo receptor
status (Elston et al, 1980) and this parameter has also been
reparted as a good indicator of tumour sensitivity to hormonal
methods (Rubens et al, 1981},

A1l of the previous studles have evaluated steroid receptor
concentrations or histological grade on biopsies of metastatic
tumour taken immediately before the start of treatmeunt.s Thus the
findings of thesc studies apply cnly to that selected group of
patients with metastases which are accessible for biopsy, and the
conclugions cannot be applied to the total breast cancer population.
This point is also of practical importance. Patients in whom
metastases are inaccessible have undergone major surgical
exploration to obtain bicpsies for receptor analysis (Leung et al,
1975) although the British Breast Group believes that such an
approach dis not justifiable (British Brcast Group, 1980). Of
abvious interest therefore is the relationship of receptor status or
histological grade in the primary tumour to response of metastases
to endocrine theapy., Data concerning this impertant point is
lacking (De Sombre et al, 1980). This relationship is of particular
interest where steroid receptors are concerned, as certain
authorities have reported a change of receptor status usually from

positive to negative, between the primary cancer and 1ts recurrences
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which raises the possibility that endocrine responsiveness may be
lost with the passage of time {Leake et al, 1981). As pointed out
in the last chapter the quantity as well as the quality of a
response 1s lmportant, yet few studies evaluate this,
In the present study, the relationship between intrinsic

factors viz., sterold receptors (in the case of ER, receptor status
and absolute levels have been considered) and histological grade, in
the primary cancer and likelihood and dureticn of response of
secondary metastases has been investigated. A comparative

assessment of the predictive value of each parameter was carried

out.




Patients and methods

Patients, treatment protacols and methods of assessment were
defined in the last chapter. Sixteen additional patieunts in whom ER
or grade had not been evaluated were excluded, leaving 105
assessable patients,

Duration of response

Duration of remission was defined as the interval between
initial regression of metastases and subsequent rclapse, either with
regrowth of the same deposits or the appearance of new lesions.

Intrinsic parameters

At the time of mastectomy, adjacent tumour samples were takep
for evaluation of histological grade, oestrﬁgen and progestaroue
receptors as outlined previously. To facilitate uniformity,
analyses were confined to patients who had both ER and grade
measured in the primary cancer viz. 105 patients. Tumours were
considered Lo be receptor positive for both ER and PgR when they
contained more than 5 femtomoles specific cestradiol or progusterone

binding respectively, per milligram of cytosol protein.
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Results

Response rate

Response rates to Tamoxifen (largely postmenopausal women) and
to cophorectomy {largely premenopausal women) were similar (Table 10
: I), Significantly higher rates of response were seen In patients
with ER positive primaries (Table 10 : II). Furthermore the
likelihood of response increased proportionately with the measured
ER value (Fig. 10 : 1), Response rates were higher in patients with
well differentiated cancers (Grade I, I1) than with poorly
differentiated primaries, but differences did not reach statistical
significance (Table 10 : III), Progesterone receptors had bheen
measurced in only 34 patients in this study. High response rates
were seen in patients with ER+ PR+ primaries (Table 10 : I[V).

Duration of response

Only oestrogen receptors and grade were considered in these
analyses. Preliminary data suggested that patients whose primary
tumours contained high receptor values (> 60 fmol/mg cytosol
protein) or which were grades T or II enjoyed a longer duration of
remission than thosc with low receptors (< 60 fmol/wmg cytosol
protein) or grade ITT (Figs., 10 : 2 & 3). Differenugs however, did
not achieve statistical significance.

Change of receptor status between primary and mctastases

This study referred to oestrogen Yreceptor assays only. Biopsy
specimens of metastatic tumour were taken from accessible sites i1n
24 patients (17 skin, 5 lymph node, 1 omentum, 1 liver). ER status
was unchanged fram that of the primary cancer in 18 patients; three,

whoe had ER positive primaries developed receptor negatlve
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Table 10 : 1

Response to endoctine therapy

Ro. treated No. responding E
Tamoxifen 76 14 (18.27%) -
£

Oophorectomny 45 8 (17.7%)

Total 121 22
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Table 10 : 1T

El}_ Primary versus response of metastases to endocrine therapy
No. treated No. responding
FER positive 57 16 (28%)
ER negative 48 2 (4%}
No ER 16 - wzm
x% = 8.04 (Yates’ ceorrectlion) p < 0,005 for patients

with tumour containing ER




Fig. 10 :
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Histological grade of ptrimary cancer: Responsc of metastases

I I1 ITI
Response 3 8 7
No respouse 7 21 5%
10 29 66

X = 5.4 2 df; p = .07
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Table _l_O_ : IV

Progesterone receptors of primary: Response of metastases

No, treated No. responding
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secondaries and in a further three, a change in the reverse
direction occurred. However, a chanpe of ER status was associated,

with one exception, with low values (Table 10 : V).
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Table 10 & V

Change of ER status

Case No. ER concentration (fmol/mg cytosol protein)
Primary Secondary
1 8 negative
2 L1 negative
3 23 negative
4 negative 23
5 negative 33

6 negative 590




Discussion

This study conclusively demonstrates that response of secondary
metastases to endocrine therapy, can be predicted from measurable
parameters in the primary cancer. Therefore this index is avallable
to all patients undergoing mastectomy and need not be restricted
only to those with secondaries which are accessible for biopsy.
Clearly, reliance on clinical parameters such as disease free
interval etc., or worse a trial of therapy which 1is certainly
wasteful of the survival time of the non responder, will no longer
be necessaryv. Patients with ER negative primary cancers are most
unlikely to respoud to horwmonal measures and therefore an
alternative therapy is preferable.

Of the parameters compared in this study, oestrogen receptor
status and quantitative valucs appear to be the best indicator of
hormone responsiveness. Both the likelihood and the duration of
response of secondarles to endocrine measures may be rellably
predicted in the iundividual patient en the basis of the ER
concentration in the primary cancer. Absolute level of ER isg
important in this respect in addition to ER status, Preliminary
data concerning progesterone receptars is disappointing: of eight
patients with measurable progestecrone receptor in the primary, ounly
three responded. Certainly,the response rate is high when bhoth
receptors are present (ER+ PgR+) but this group tend to have ahigh
concentratlon of ER in any case (Chapter 4, Fig. 4 : 4) and it seems
unlikely that progesterone receptor assays have any advantage over
quantitative ER. Others have failed to find eny superiority ofPgR

over quantitalive ER in metastatic tumour as a predictor of response




(0Osborne et al, 1980)., Histclogical grade is a crude indicator of
endocrine responsiveness. Patients with poorly differentiated
(grade III) cancers might not be expected to respond, yet 12% did
SO,

The effectiveness of measurable indices in the primary cancer
as an indicator of responsiveness of secondaries suggests that these
parameters remain stable with the passage of btime, between the
primary cancer and its daughter metastases., In this study, I have
examiﬂcd the stability of the best predictor (ER). In the small
number of patients concerned, ER status rewained uachanged in only
75% and a change occurred in the remainder. These figures are
similar to those reported by others (Harland et al, 1982). However,
in the majority of instances (5/6) a change was associated wilth low
receptar values which could conceivably be attributable to
laboratory error.

In counclusion, quantitative ocestradicl receptor measurements in

primary hreast cancetr provide the best index of hormone

responsiveness of sccondary metastases,




Chapter 11

INTRINSIC FACTGR3 AND PATIENT SURVTVAL




Intrinsic Factors and Patient Survival

Introduction

The life survival curve of patients with operable breast cancer
shows a steep early decline and then levels off progressively
(Brinkley and Haybittle, 1959; Adair, 1974). Approximately 25% of
deaths cccur within the first two years after mastectomy and later
mortality, although spread rather constantly over a prolonged
interval, ocecurs at a lower rate than the early group (Fig. 11 : 1)
Fox (1979) drew attention to this concept in an analysis of data
concerning patients with operable hreast cancer, treated hetween
1950 and 1973, compiled by the end results section of the National
Cancer Institute of America. Initially, Fox noted that the
mortality rate for 10 year survivors with breast cancer was only
2.5% per annum. He rthen went on toe suggest that the survival curve
of any given group of paticents with breast cancer represented the
behaviour of at least two populations, each with a characteristic
mortality: Forty percent of the total population exhibit a relative
mortality of 257 per annum with a median survival of 2.5 years while
the remaining 60% have an annual mortality rate of 2.5% and an
expected median survival of 30 years. A mixture of the survival
data of these two populations would given rise to the observed curve
for the group as a whole (Fig, 11 : 2). Fox estimated that 85%
patients with stage I disease and 40% patients with stage II disease
would fall into the good prognostic group, but beyvond this, the two
categories could not be reliably distinguished.

The limitations of prognostic‘stratification by tumour bulk

alone, have also been shown by Lhe Nottilugham study when lymph node
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stage alone wrongly predicted the outlook in a sizeable minority of
patients (Chapter 4), It is alsc noteworthy that 25%Z of the 21 year
survivors in the Cambridge study, had involved axillary lymph nodes
at mastectomy and would have been expected, on the basis of
conventional staging, to have a poor outlook (Brinkley and
Haybittle, 1975). Thirty years ago Bloom and Richardson (1957)
noted that "The system of clinical staging provides a guide to the
obvious extent of tumour bulk but fails to take account of the
nature of the tumour 1tself and thus falls to indicate the
likelihood of occult lymphatic and blood borne wetastases nor the

speed with which such metastases develop."

Fox (1979) recognised a
dilemma in our approach te cancer therapy; that a uniform appreach
cannot be appropriate for both (a) patients who are likely Lo have a
rapidly fatal outcome, and for (b) Lthose with an outcame only
modestly different from the cancer free population, but in view of
the limitations of prognostic stratification by tumour bulk alene he
conceded that there was no alternative.

In previous chapters in this thesis, the prognostic influence
of intrinsic tumour factors has been vlearly demonstrated {(when
related to recurrence free interval, sites of metastases and
response to endocrine therapy). The ultimate test of any prognostic

parameters in breast cancer is, of course, against survival and in

this chapter a comparative assessment of the predictive value of

each parameter against survival has been carried out.

249



Study 9

Patients and methods

Studies relatihg to histological grade concerned 504 women and
to oestrogen receptoy status (ER) concerned 435 women of the first
550 in the Nottiugham-Tenovus series., Quantltative ER values were
avallable in only 237 of 255 patients with ER positive cancers and
wvere considered in three groups viz. 0-4 fmoles/mg cytosol protein
(ER negative, n = 180), 5-79 fmoles/mg cytosol protein (a2 = 100},
more than 80 fmol/mpg cyvtosol proteian {n = 137). Progesterone
receptors had been evaluated in 167 patients and prognostic
significance was considered singly and in combination with ER.
Treatment of patients at the tLine of recurrence was as defined in
chapter 9, Survival curves were derived from life table analyses
and statistical evaluation carrvied out by the method of Mantel.

As shown in chapter 6, histological grade of breast cancer is
significantly related to tumour size, and thus a ‘correclion” must
he applied. The prognostic capacity of grade has been considered
within a group of patieunts with Lumours of a single diameter. No
other parameters are related to tumour bulk and no other similar

‘correction’ was necessary.




Resulcs

1. Ristological grade and survival

A highly significant relationship was demonstrated between
histological grade of primuary breast cancer and survival., BSBurvival
became progressively shorter from grade I, through II to III (X2 =
38.6; 1 df; p < 0.00001) (Fig. 1t : 3). When patients with small
tumours only were considered (< 2,0 cms maximum diameter), the
highly significant relationship persisted (X2 = 21.1; p € 0.0005)
(Fig. 11 ¢ 4).

2. Oestrogen Receptors

Patients with oestrogen receptor positive breast cancers
enjoved a longer survival than those with ER negative cancers (X2 =
4.3 1 df; p < 0.05) (Fig., 11 : 53). When gquantitative ER
values were considered three patient groups were identified with
progressively shorter survival from higher ER values through
moderate to ER negative (X2 = 8.08; 1 df; p < 0.005) (Fig. 11 : 6).

3. Progesterone Receptors

Progesterone receptor status of primary breast cancer is
unrelated to survival irrespective of whether it was considered
alone (X2 = 0,07; 1 ¢f; p = 0.9) (Fig. 11 : 7) or in combination

with ER (Fig. 11 : 8).
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Discussion

This study has cleatrly shown that of the parameters considered,
histological grade was the best predictor of survival. As shown in
chapter 5, grade was related to primary cancer size, but in this
context its prognostic power was cntirely independent of the
influence of ktumour size. Similar significant survival differences
were seen between the three grades even when patients with a single
tumour slze (< 2.0 centimetres) were considered. Thus the
predictive power of grade and tumour bulk are complgmentary, and
these factors may be taken together to provide a more accurate index
of pregnosis, Indeed, this point has been demonstrated in the
Nottingham series (Maybittle et al, 1982).

Destrogen receptor measurements relate to survival but are
clearly weaker in this respect than grade. However, the asscciation
of oestrogen receptors with survival is stronger than that of ER
with recurrence rates: patlients with ER positive tumours survive
significantly longer than those with ER nepative primaries, when the
whole population was consldered. Similarly quantitative ER levels
defined three prognostic groups with an inverse relationship between
risk of early death and ER value. Clearly, this favourable effect
of ER on survival must bhe related more to the favourable site of
metastases and favourable response to treatment rather than to slow
tumour growth rates. We have been unable, however, to confirm the
findings of Godolphin et al (198l) of a strong relationship between
quantitative ER and survival.

Progestevrone receptors have been disappointing in the

prediction of survival.




This study has clearly demonstrated that “intrinsic markers’

have prognostic significance in the ultimate test against survival,

which is 1ndependent of the influence of tumour hulk. The

implications of this finding will be considered in the next chapter.

5.




Chapter 12

CONCLUSLONS




Conclusions
This thesis commenced with a critical appraisal of the
principles and results of present day trcatment for early breast
cancer., Local treatment methods which are based upon anatomical
principles have progressed from one extreme to the other, from

’

radical mastectomy to extended radical and ‘super radical’
mastectomy to lumpectomy with or without radiotherapy, without
influencing movrtality rates. There is clearly little hope of any
survival improvewments with new developments of local treatment
methods. Systemic ‘adjuvant’ regimes are essentially based upan a
physical principle and today appear disappointing desplte the
promise of their initial findinpgs. One glimmer of optimism has
emerged from cancer screening programmes with early detection and
treatment. Oue such study has shown very promising f[indings and has
managed to achieve a reduction in mortality rate within a defined
populatlon (Strax, 1976). However, 1t is unlikely that screening
programmes will eradicate breast cancer and they provide no guidance
for treatment of estahlished disease.

Where, then does our hope for the future lie? Advances in
medicine nceasionally occur accidentally, by same chance finding but
the main part of medical progress by far has resulted from the
painstaking application of scientific method to a problem disease,
starting with a true understanding of its innate nature and of the
biological influences which govern its behaviour. While we do
recognise great variation in the clinical behaviour of breast

cancer, our understanding of its nature has been limited in the

cexXtreme.
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A study concerning markers of the behavioural trailts of breast
cancer might allow appropriate therapy to be tallored to appropriate
disease but more importantly might lead to an improvement in our
coamprehension of the innate biology of this disorder. Thus the

objectives of this thesis have been two fold:

a) The iddentification of good markers of specific traits of
malignancy.

b} An advauce of our understanding of the biology of breast
cancer.

These ohjectives will be considered separately.

Markers of Specific Traits of Malignancy

Rapid growing tumours will tend to be large Lu size at ciinical
presentation and be associated with a short disease free interval.
This treatise has clearly shown that the histological grade of a
primary breast cancer is significantly related to its size.in
centimetres: poorly differentiated tumours tend to be large in size
and well differentiated cancers small, at the time of clinical
presentation.

In the interval in which patients remain untreatad following
mastectomy, grade relates very well to recurrence rates. Poorly
differentiated cancers have more rapid rates of local, regional and
distant recurrence than those of moderate differentiation, which are
next in order, through to well differentiated cancers, which have
the slowest recurrence rates. 7This prognostic effect of grade upon
recurrence free interval is entirely independent of the influence of
tumour size, because exactly the same differences are seen when a

group of patients with a single tumour size are considered. There
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can be little doubt, then, that the histological grade of a primary
breast cancer is an excellent wmarker of its rate of growth,

Histolaglcal grade 1s related to aestrogen receptor status of
primary breast cancet, but not to quantitative ER levels narx
progesterone receptor status. As we might expect cestrogen receptor
status shows some assoclation with recurrence rates: TR positive
have a lower incidence of reglonal recurrences than ER negative
cancers but the association is weak, Neither quantitative ER levels
nor progesterone receptor status are related to recurrence free
intervals. None of the sterold receptor parameters, neither ER, PgR
starus nor levels, 1s related to tumour hulk. Tn summary, steroid
receptors show somec relationship with growth r:-lt:es, but are much
less accurake in this context than histelogical grade.

However, the ER status of a cancer is strongly related to the
anatomical site of its secoundary metastases: ER positive cancers
preferentially metastasise to hbone. As previously shown, ER
positive cancer cells synthesise significantly preater amounts of
prostaglandin E, aad it i1s logical to suggest that these two
properties are related. 1t Iis conceivable that hormonal stimulation
of prostaglandin F, synthesis by endocrine responsive malignant
cells which laodge in bone following dissemination causes breakdown
of bony physical barriers and thus facilitates the growth of these
malignant ceclls and the appearance of metastases. Thus endocrine
influences upon compliant breast cancer cells could facilitate the
development of metastases in bone, which as shown, have a survival
advantage over visceral secondaries.

Definition of response of advanced breast cancer to systemic

therapy is not easy but it must be accurate before reliable




concluslons can be drawn concerning the relationship between
measured variables in the primary tumour and response rate. In this
thesis, specific areas of difficulty in assessment of response have
been cansidered and errors or ’‘clinical artefacts” have been
identified and.excluded. The response rate to endocrinetherapy
reported by this thesis (approximately 18%) was therefore low, but
all patients categorised as responders had a minimum of six months
of tumour regression, were cxternally assessed and conflirmed and
enjoyed a prolonged survival advantage over non responders. There
can be little doubt that these patients enjoved a true response from
endocrine Ctherapy. Oestrogen receptor status of the primary
predicts the likelihood of respongse of metastases to andocrine
therapy and, in addition, conslderation of quantitative TR levels or
progesterone receptor status luwproves the accuracy of prediction.
However, progesterone receptor measurements offer no advantage over
ER level in this context. Histological grade is a poor predictor of
responsivencss.

In conclusion, a relationship exists between Lhe morphologilcal
and endocrine ‘markers” in primary breast cancer, but each relates
very well to one specific “trait of malignancy’ with little overlap
and clearly additional prognostic infermation will be available when
both are measured. Thus, this thesis disproves Fisher’s hypothesis
that all “intrinsic markers’ represent different measurements of the
same aspect of tumour malignancy (Fisher et al, 1980). This
treatise has clearly shown that histological grade of primary breast
cancer i1s an excellent marker of Lts growth rate. Qestrogen
recepkor status and quantitative levels provide good markers of
endocrine mediated aspects of tumour behaviour, viz. anatomical

sites of metastases and susceptibility to hormonal therapy.




The Biology of Breast Cancer - A Hypothetical Evaluation

What determines prognosis in breast cancer? If on one hand, we
concider the traits of malignancy of thils disease which our markers
identify;

a) Tumour growth rates
b) Fndocrine compliance
and then on the other hand consider the clinical wariables which are
seen duriag the natural course of breast cancer and which are most
strongly related to prognosis;

i) Tumour bulk

1i) Disease free interwval
Lii) Anatomical sites of metastases

iv) Response to systemic hormonal therapy
then it scems likely that a strong relationshlp exists betwcen them.
As the findings of this thesis have suggested, tumour growth rates
(a) will dectermine the primary cancer bulk (i) and disease free
interval (ii) while ‘endocrine compllance” (b) will determine (iii)
sites of metastases and (iv) response to hormanal therapy, Thus the
findings of this thesis suggest that the two traits of malignancy to
which our markers relate (which T shall term ‘essential
characteristics” of breast cancer) will determine the size of the
lesion at presentation and the entire clinical course of the disease
thereafter, including the intrerval until a metastasis appears, the

site at which 1t will appear and its susceptibility to hurwmonal

treatment.




Only a minority of cancers withln any given population is
endocrine responsive. Within this wminority, the two ‘essential
characteristies’, le. growth rates and endocrine compliance, may be
related. Endocrlune responsive tumours generally grow slowly and at
the more benign extreme af the spectrum of malignancy where there is
total hormone dependence, tumour growth rates may be restrained by
endocrine influences. However, progressive loss of susceptibility
tv endocrine moderation may occur through to the other extreme of
complete hormone Independence when growth rates would he tacally
uncontrolled. Thus, within a random population of patients with
breast cancer, harmonal effects could determine the outlook for the
small group which is totally “endocrine compliant” and govern the
rate of growth, site of metastases and response to hormoual therapy
while at the opposite end of the spectrum, rapid uncontrolled tumour
growth rates would determine outlook for the larger group of hormone
independent types, which would metustasise early, grow well at
whichever secondary site that they happened to come to rest and be
anaffected by hormonal therapy. Therefore, tumour growth rates
would be the most important determinant of survival of a toral
population with breast cancer.

As with all things bhinlegical, there is likely to be =a
progression, with varying degrees of overlap between the two
extremes described above. Thus the variable influence of the
‘egsential characteristics’ of cancer cells could entirely account
for the diversity of clinical hehaviour of breast cancer, from slow
growing hormone dependent tumours which only metastasise after a

prolonged interval, through rapid growing hormone depandent types




which develop bone secondaries, to lacge rapid growing tumours which
are hormone independent and quicklv metastasise to viscera,

Thus, in summary, the findings of this treatise suggest that
two elementary types of breast cancer exist within any random
population with variable degrees of overlap.

a) Endocrine compliant, the amaller group, whose clinical course
would be governed by hormonai influences.

b) Endocrine non responsive, the larger group, whose clinical
course would be entirely governed by tumour growth rates.

These hypotheses concerning ’‘esseuntial characteristics’” of
breast cancer have beern based on the sclentific observations of this
thesie which have concerned large numbers of patients who have
presented to a single surgeon (Professor Roger Blamey) and have beeun
treated in a uniform maoner and in particular, have received no
additional therapy between mastectomy and recurrence which might
have distorted the mnatural history of their disease., Clinical
follow up and documentation has been meticulous.

All hiological observations and hypothescs must be tested,
heweaver, and 1f those of this thesis are corroborated, then we shall
have achieved a significaut advance in our understanding ol breast
cancer.

How do our hypotheses bear up in the ultimate tesl against
survival? As anticipared, the marker of growth rates, histological
grade is the best predictor of survival. Survival time is Tongest
with well differentiated cancers but progressively decreases through
tumours of moderate differentiation to high grade cancers. Markers

of endacrine compliance, as previously noted, apply to a minority of




cancers and as anticipated are less strongly related to survival of
the total population.

Oestrogen Teceptor status and quantitative levels show stronger
relationships to survival tharn they do to recurreunce rates probably
as a result of their favourable asgsociations with sccondary sites of
metastases and response to endcocrine therapy. Thus the markers of
endocrine compliance are assoclated with favourable survival not
only because of their assoclation with slow tumour growth rates, bhut
also because of their relatlonship with favourable secondary siltes
of metastases and favourable response to therapy. Progesterone
receptor assays have been disappointing.

Chemotherapy is given to patlents on failure of endocrine
therapy in this centre. The response to chemotherapy is unrelated
to any “intrinsic factor’ (Blake et al, 1982) and no attempt has
been made to estimate its influence upon survival,

Breast Cancer — Two Digeases

As noted in Lhe previous chapter, Fox (1979) reported that the
survival curve of any random group of patients with breast cancer
represented the bhchaviour of at least two distinct populationse DOne
group had an annual mortality rate of 25% and a median survival of
two and¢ a half years while the other had a favourable outcome, only
modestly different from that of a2 breast cancer free population.
While recognising the existence of these subgroups, Fox was unable
to identify them with accuracy and thus justified the continuation
of a uniform “blanket’ approach to breast cancer therapy. Fox's
wnodel may represent an oversimplification and, as outlined, there
mavy be considerable variation between the extremes which he

described. However, as ocutlined in this thesis il bas become




possible to identify two diseases which lie at either end of the
spectrum of malignancy of breast cancer by the use of intrinsic
markers as shown in Table 12 : I.

Therapeutic Implications of this Project

Three immediate therapeutlc implications arise from this
project:

i) Histological grade is the best predictor of recurrence rates
and survival., This factor may be used, preferably in combination
with measures af tuwour bulk, to define high risk groups, for whom
ad juvant chemotherapy wav he appropriate. Proloungation of disease
free interval by a toxic therapy is arguably more justifiable in =
aroup of patients with an extremely poor prognosis.

ii) Hypercalcaemia 1is a relatilvely common but rapidly fatal
compllcation of bone melastasres from breast cancer and it may
precede thelr eclinical detection. This complication may be
prevented by sarly treatment. In Nottingham, oestrogen receptor
assays in the primary taken topgether with measures of tumour bullk
and to a lesser extent, histologlcal grade have been used to define
a group of patients at high risk of bone secondaries. These
patients are beiung screened for any imbalance of calcium
homeostasis, so that early effective therapy may prevent
hypercalcaemia (Campbell et al, 1982).

iii) Oestrogen receptor mweasurements in primarv breast cancer wmay he
used as a basils for selection of svstemic therapy at the time of
YECUrrencce. Thus the emplirical selecction of therapy for the
majority of women whose metastases are inaccessible for biopsy may

he ahandoned.
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Two diseases in breast cancer

Destrogen receptor positive/

moderate or well differentiated cancers

Small primaty cancers
Slow growing

Long disease free interval

High prostaglandin %y synthesis
RBone sccondaries
Progesterone receptor positive

Response to endocrine therapy

Favourable survival

Qestrogen receptor negative/

Poorly differentiated cancers

large cancers

Fast growing

Short disease free
interval

Low prostaglandins

Generalised dissemination

Progesterone receptor
negative

No response to eundocrine

therapy

Poor survival
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Recent Developments

Progress has occurred in two areas, where this thesis has left
off.

a) Construction of a prognostic index

As noted, the prognostic yield from measures of tumour bulk and
intrinsic factors are complementary. A recent study from this
centre has devised an index for stratifying prognostic groups basead
upon the composite prognostic yield of nine neasured factors: age,
mengpausal status, tumour size, lymph node stage, oestropen receptor
status, histological grade, cellular reaction, sinus histiocytosis
and adjuvant chemotherapy. The optimum combinaticn concerns three
parameters:

Tumour size, lymph node stage and histological grade

Using this index, patients may be allocated to low,
intermediate and high risk groups with counsidevrable accuracy. The
index holds an advantage over measures of tumour hulk alone, in that
it allows greater proportiouns of the patient population to he
allocated to high and low risk groups with accuracy.

b) Oestrogen receptor values and tumour epithelial cellularity

Errors may occur with oestrogen receptor assavs. As shown in
this project, ER status changes between the primary tumour amd its
daughter mertastases in up to 25% cases, but particularly where ER

values arc low., 1t has becn suggested that oestrogen receptor

values are related to the number of tumour cells in a cancer

R

(Feherty et al, 1971), and that cellularity variations between
primary lesion and daughter metastases could account for the

ER wariations hetween primary and sccondary,




A further study from this ceuntre has investigated the
relationship of tumour epithelial cellularity and measuvred oestrogen
receptor values In 100 primary breast cancers {Mumford et al, 1982).
Cellularity was measured by an ohjective histowoxrphic ccll count
{(Underwood, 1972) and cestrogen receptor values were expressed in
femtomoles per milligrarc of cytosol protein. A positive
relationship was found in the tumours of postmengpausal women:
approximately 20% of the variation of oestrogen receptor values were
dve to cellularity variations. Wo relationship was found in tumours
of premenopausal women.

The method of expressing oestrogen receplor values in terms of
femtomocles per milligram of evtosol protein provides a crude
biochemical correction for cellularity variation (Blamey et al,
1980) but 1t is clearly inadecquate, A better biochemical cor;ection
for cellularity might improve the predictive accuracy of oestrogen
receptor measurements.

Future Prospects

Studies such as those of this thesis have begun to scratch the
surface of breast cancer. We have been successful in identifying
biological and meorphological markers in breast cancer, which
associate with its behavioural characteristics. In addition, we
have identified some of the 'hiochemical rules” which govern the
natural course, of the receptor positive, well differentiated type
of cancer. In due course we may bc able to influence these
processes.

Research along similar or related lines has proceeded in other
parts of the world and there are new developments in two areas which

are very exciting.




a) Oestrogen receptors

Jensen, in Chicago has purified the oestrogen receptor
molecule, from human breast cancer, In addition, a monoclonal
antibody has been ralsed against the molecule and immunoperoxidase
stains have been developed which will shortly become available for
use with both frozen and paraffin secrions of breast cancers. Thus,
oestrogen receptor determination and quantitation will become
possible in a routine laboratory (Jensen, 1982).

Tt seems likely, that the next logical step will involve the
development of a vaccine with either passive or active immunisation
against the oestrogen receptor. This may offer some [mprovement
over the systemic anti oestrogens or ablative procedures currently
available.

b) Celiular differentiation and control

Studies in this area have concerned myeloid leukemia cells, or
sarcoma cells, but certain parallels exist with breast cancer.

Like breast cancers, a range of malignancy exists in myeloid
levkemias, with well differentiated, intermediate and poorly
differentiated leukemia cells. Well differentiated leukemia cells,
possess the same genes that regulate the control of growth and
differentiation as normal cells. Non maligpnant myeloid prceursors
can be induced to grow and differentiate to wmature macrophages and
granulocytes by a low molecular weight protein (termed MGI). Well
differentiated leukemia cells are responsive to this proteiln,
whereas poorly differentiated cells are not. It is possible to
reverse malignant change in leukemia cells by this protein, and

convert the well differentiated leukemia cells into a normal




macrophage or granulocyte {Sachs, 1980). Similarly it has been
possible to reverse the malignant phenotype of sarcoma cells to a
non malipgnant one (Rabinowitz and Sachs, 1970). | Other agents can
induce diffcrentiation of leukemia cells including steroid horwmones
{prednisolone, ocstradiol and dexamethazone) and prostaglandins.,
Prostaglandin Ey can halt the growth of malignant cells completely
{(Sachs, 1982).

As shown in this thesis, oestrogen receptor positive breast
cancer cells, which tend to be well differentiated also tend to he
associated with high preostaglandin production. I{ similar control
mechaniams exist Tor different types of tumours, it would seem
possible that the high prostaglandin levels could have a role in
holding the tumour in check and maintaining the relatively well
differentiated nature of the cancer. Thus, in years ta come, it may
be possible to modulate tumour growth, induce differentiation or
posgéibly reverse the malignant change by influencing prostaglandins
or similar agents.

This author makes no apolugies for the speculative nature of
the last section of the present thesis. A greater understanding of
the genetic and bioaheﬁical controls of breast cancer is the caly
way for the development of newer more selective therapeutic

approaches.




Summary

This thesis evaluates oestrogen and progesterone receptors and
histological grade, measured in primary breast cancer as ‘markers’
of innate tumour malignancy. A comparative assessment of these
‘intrinsic markers’ has been carried out apgainst three main
characteristics of a cancer which determine prognosis viz. tumour
growth behaviour, its predisposition for metastasis to specific
anatomical sites and its susceptibility to endocrine therapy at
recurrence.

Inter~relationships of ‘intrinsic factors’ have been
investigated before a comparative assessment of their predictive
value dn any clinical situwation was carried out.

Inter—-relationships of ‘Intrinsiec Factors’

Gestrogen receptor (ER) status is strongly related but
quantitative ER levels are unrelated to histelogical grade.
Quantitative ER levels are, however, proportionately related to
progesterone receptor status: the higher the concentration of
oestrogen receptor, the greater the likelihoed ef a tumour
possessing progesterone receptor. Progesterune receptor status is
unrelated to histological grade. Thus, despite the overlap between
ER status and grade, a degree of separation is beginning to emerge
between endocrine and morphological markers.

;umour Growth Behaviour

Histological grade is the best predicter of tumour growth
rates, as assessed clinically by recurrence free interval. The
higher the histological grade the shorter the interval from

mastectomy to any type of recurrence, local, regieonal, distant or




combined. Rapid growing tumours may be expected to be large in size
at the time of clinical presentation and the findings of this study
are as anticipated: the poorer the differentiétion the greater the
slze of the primary at presentaticn. Grade remains the best
predictor of growth behaviour, even when tumours of a single size
are considered. Thus the prognostic yield of measures of tumour bulk
and histological grade are synergistice.

Oestrogen receptor status correlates weakly with the interval
from mastectomy until regional recuvrence, but is a poor marker of
growth rates. Consideration of gquantitative ER levels and
progesterone receptors offers ne advantage in prediction of
recurrence free Iintervals., Neither endocrine marker is related ta
tumour bulk.

Selectivity of Metastasis to Specific Anatomical Sites

Bone secondaries are associated with a longer survival than
visceral metastases. OQOestrogen receptor positive cancers show a
preferential tendency to metastasise to hone, whereas ER negative
carcinomas have a predisposition to generalised dissemination.
Histoleogical grade 1g a crude marker of patterns of metastases.

Oestrogen receptoy positive breast cancer cells synthesise
greater amounts of prostaglandin k., a potent bone resorbing agent,
than receptor negative cells, which could account for observed

patterns of metastasis.

Susceptibility of Metastases tc Endocrine Therapy

The gquantitative oestrogen receptor level in primary breast
cancer 1s proportionately related to the likelihood of responsc of

metastases to endocrine therapy. 1In addition, duration of response




appears longer in cancers with high ER values. Progesterone
receptors constitute a good predictor of endocrine sensitivity, but
offer no advantage over quantitative ER level. Histological grade
is a crude predictor of lhiermonal sensitivity of mectastases.
Survival

It is likely that the rate of tumour growth is the most
important contributory factor to survival, Histological grade of
the primary cancer is the best predictive factor of survival.
Oestrogen receptor status and quantitative levels are significantly
related to survival, but this effect is not only related to slow
tumour growth rates but also to favourable secondary sites of
metastasis and favourable response to endocrine therapy.

Progesterone receptor status is uurelated to survival.

From these studies it has become evident that histological
grade and stcroid receptor analyses provide markers of the
‘egsential characteristics’ of breast cancer cells which determine
the entire clinical course of the disease:

Histological grade offers a reliable measure of growth rates.

Oestrogen receptor measurements offer a good marker of their
‘endocrine compliance’ and predict the anatomical site of mectastasis

and susceptibility to hormonal therapy.
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Appendix I

Oestrogen Receptor Assay

a) Preparation of Cytosol

The tumour specimen was cleared of fat before being placed in
liquid nitrogen. The tumour tissue was then powdered in the frozen
state in a Thermovac auteomatic frozen tissue pulverviser., The
powdered tumour was added £o 3 mls Tris Buffer (10 mmoles Tris [1.2]
grams) 1 mmole EDTA [0.3725 grams] 10%Z Glycerol 100 mls, and 5
millimoles Dithiothreitol in 1 titre). pH was adjusted to 7.4 with
Hydroachloric acid. The wixture was then homogenised using ap all
glass homogeniser and ceutrifuged at 105,000 g for 60 ninutes, to
obtain the cytosol fraction. All procedures were carried out at a
temperature of 4° C.

El Incubation with Triciated Oegtradiol

Aliguotfs of c¢ytosol (200 ul each) were incubated with an equal
volume of tris HCL buffer, as had becn prepared above, containing
increasing concentrations (0.2 = 5.0 nanomoles) of tritiated
cestradiol and left to incubate for 16 hours.

c) Separation of Bound and Free Steroid and Scintillation Counting

A suspension of 400 ul of charcoal (0,57 w/v) in tris HCL
buffer containing gelatin (0.1% w/v) and Dextran T70 (.005% w/v) was
then added and the tubes agitated for 90 minutes. The charcoal was
precipitated by centrifugation at 100 g for 10 minutes. The
supernatant was removed and iLr rvadicactivity was determined in a

Nuclear Isccap Scintillation Spectometer.
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d) Scatchard Plot

To obtain the value for receptor concentration a linear plot of
the data as devised by Scatchard (1949), was carried out. In this
method, the ratio of oestrogen bound to receptor to free (unbound)
3 oestrogen was plotted against the concentration of 3H oestrogen
bound to receptor. The intercept on the absclssa on the tine so
obtained, gives the concentration of oestrogen receptor binding
sltes, Non specific binding was accounted for by incluslon of a
saturating concentration of tritiated vestradiol in ome tube which
was used as a correction for the other pointe

e) Protein Estimation

Protein content of the cvtoseol was determined by the method of
Lowry et al (1951),.

Standards were made of Bovine Serum Albumin in duplicate from QO
~ 0.1 g/litre water. Kach cytosol was diluted to various
cancentratlons {10 ~ 100 times). Solutions in both standard and
control tubes were heated to 50° C and cooled to room temperature.
Folin's reageut was added to each tube and colour intensity of rest
solutions measured upon a Guildford Spectrophotometer, Protein
content. of cytosol was calibrated against BSA standards.

Receptor content of the tumour is cxpressed in femtowoles per

milligram of cytosol.




Progesterone Reccptor Assay

Preparation of cytosol and protein determination were performed
as for oesttrogen receptor assay.
Incubation

One hundred wmicrolitres of cytosol were incubated with 100 ul
tritiated progesterone in various concentrations (0.5 - 10
millimeles)., Excess R 5020 progesterone ligand was added.
Tneubation was at 4° C for three hours.
Separation

A suspension (400 ul) of eharcoal (0.25% w/v) in tris ECL
buffer containing gelatin (0.5%Z w/v) and Dextran T70 (0.05% w/v) was
agitated for 10 minutes at 49 C. Charcoal was precipitated by
centrifugation at 100 g fer 10 minutes, The supernatant was
carefully removed. 1Tts radiocactivity was determined in a Nuclear

Chicago Isocap Scintillation Counter.

Scatchard Plot

The ratio of bound ?ﬂ_?rqgesterone bound jH Progesteronc
frea “H Progesterone

was plotted as for cestrogen receptors.
The intercept of the line obtained gives the concentration of

progasterone receptor hinding sites.




Appendix ITT

Histological Grading

All tumour specimens were fixed In 10%Z buffered Formalin.
Between one and four blocks were cut from each tumour and paraffin
sections of 4~6 um thickness were taken and stained with Ehellcel’s
hasmatoxylin and Eosin. Where necessary, multiple sectlons were
examlned. Histological differentiation was assessed independently
by Dr. C.W. Elston and Dr., Jane Johnson in every tumour, by the
method of Elston ct al (1980). Histological grade was scored on the
basis of three features; the degree of tubule formation, the degree
of variation of size and shape of nuclei and kthe number of witotic
figures. FEach featurc was scored from 1 to 3 in ascending order of
abnormality. Thus each tumour was given a cowposite score of 3 - 9,

divided zs follows:

Grade 1L {well differentiated) 3, 4, 5 (Fig. 1)
Cradc II {moderately differentiated) 6, 7 (Fig. 2)
Grade IIT ({poorly differentiated) 8, 9 (Fig. 3)

There was initial agreement between Lhe t(wo examiners in 90X

cases and a consensua decision made upon the remainder,




Appendix Fig. 1

Breast cancer: Histological Grade I

Note regular nuclei, tubule formation,

scarcity of mitoses.
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Appendix Fig. 2 Breast cancer: Histological Grade II
Note moderate nuclear pleomorphism and the

rudimentary 'attempt' at tubule formation.



Appendix Fig. 3 Breast cancer: Histological Grade III
Note gross nuclear pleomorphism, widespread

mitotic activity, total lack of tubules.
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Appendix IV

Cellularity Assegsment

The method used is essentially that of Underwood (1972).
Tumour blocks were taken and fixed in 10% buffered Formalin.
Paraffin sections of 4~6 um thickness were cut and stained with
haematoxylin and Eosin. Tumour cellularity was evaluated hy a
proportional count of cancer cells against non maligunant background
material in all fields of 3-~5 histological sections at 63 x
wagnification. An eyepiece graticule with an array of 25 randamly
allocated points was incorporated into a microscope. The points of
the graticule appeared superimposed on the field under examination
(Fig. 4). In each field, 1f n points fall upon tumour cells and m

Fall upon non malignant cellular material, then the ratio

1}
n -+~

m
represents the proportion of tumour cells in that field.

All fields covering rthe whole surface arez of 3-5 histclogical
sections were counted. A& mean of 87 fields were counted, with a
mean point count of 2,200 per tumour, which is representative of the
proportion of malignanit cells in the whole three dimensional tumour

wlth a low standard errox (Dunnill, 1968),

for all fielés was summated in each
om

The total ratio n
n

tumour and expressed as a percentage. That value was designated the

percentage tumour epithelial cellularity.




Y Cellularity assessment.

Appendix Fig.
Single field of highly cellular tumour with
graticule superimposed. Note that 22 of the
25 points fall on tumour cells.

Haematoxylin and Fosin x 63.
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Appendix V

Prostaglandin E, Radicimmunoassay

Tumour samples taken at mastectomy were frozen and stored at -
200°C in liquid nitrogen and assays were performed in batches,
There were three steps to the assay procedure.

1. Incubation

Four 50 mg tumounr blaocks were weighed out accurately and placed
in four lahelled tubes.

&) 900 ul of Acidified Krehs Lthanol solution which is a potent
inhibitor of prostaglandin synthesis, was added to two of the tubes.
Incubatien with this solution provides a ‘BASAL’ prostaglandin value
which is indlicative of extracellular Pg and amounts liberated by
tissue preparation and does not represent prostaglandin production,

b) 900 ul 5% Arachidonic Acice {(the precursor of the "E’ series
prostaglandins)-in Rrebsz were added to tlhe remaining two tubes to
promote Pz synthesis to give a ‘TOTAL" level, This was the maximum
value of prostaglandins produced by that tissue,

All tumours were homogenised and incubated at 37° ¢ for 15
minutes and then, reactions were stopped by the addition of 100 ul
at 3% Formic Acid.

2. Extraction

Prostaglandins of all classes are extracted into Chloroform.
Chloroform was mixed into each tube and centrifuged and the heavier
Chloroform and prostaglandin layer was removed by pipette into a
second tube. The Chloroform was removed under a stream of nitrogen
and samples were diluted with radioimmunasgsay buffer to obtain
prostaglandin concentrations within the calibration curve 0.03 =~ 5

ng/ml., (see¢ below)
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3. Radioimmuncassay

Each assay included standards of pure prostaglandin E, for its
own calibration curve ranging from 0 to 5.0 ng prostaglandin Ezfml.
Fifty microlitres of #*Miles Yeda anti prostaglandin E antisera which
has 100% cross reactivity with PgE,, 85% reactivity with PgE and
only 2% reactivity with PglF was added to each unknown sample and
incubated at 4° C, to equilibrium. Then 100 ul of tritiated PgE,
(30,000 - 50,000 ¢pm/ml) was added to ech tube and incubated for one
hour to cause a shift of equilibrium and competition with sample
PgE2 for binding sites or the antibody. Unbound tritiated Pghy was
then absorbed onto Dextran coated charcoal, the mixture centrifuged
and supernatant removed, leaving the charcoal pellet with the

unbound 3

i - Pgly, which was discarded. Liquid scintillant was
added to supernatant and radioactivity counted over 5 minutes.
Prostaglandin L, values were obtained by plotting the radiloactivity
count against the standard calibration curve. Three measured Pgk,

values were obtained for each tumour: Total, Basal and "Synthesised"

(synthetised PgF, = Total activity minus Basal values).

* Miles Yeda Ltd., Kiryvat Weizman, Rehovot, Israel.
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