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Abstract— Presentation data on 607 breast cancer patients treated by a variety of modalities
at Guy’s Hospital, London, have been analysed using the Cox proportional hazards model, to
identify factors associated with length of overall survival. When deaths attributable to causes
other than breast cancer were treated as censoring events, the significant factors were found to be
stage, mode of treatment, menstrual status and tumour size. The analysis was repeated
Sfor the subgroup of 326 patienis treated by modified radical mastectomy. Four variables: stage,
age at menarche, menstrual status and age were found to be significantly associated with
both overall survival and length of distant recurrence-free interval. These factors have been
combined to create a prognostic index which has been used to define subgroups of patients with
different prognosis. The index has been validated on a separate group of 457 modified radical

mastectomy patients treated at the same hospital.

INTRODUCTION

THERE 15 an extensive literature discussing the
factors at presentation which are of prognostic sig-
nificance for the survival of patients with primary
breast cancer. Several authors have attempted to
construct staging criteria based on thesce factors to
define groups carrying similar prognosis [1-3]. In
the carly 1960s the TNM classification system was
introduced [4] and subsequent attempts to improve
on its discriminatory power have been manifold.
Cutler ef al. [5] were among the first to study the
effects on outcome of factors other than stage,
including size of the primary tumour, histologic
type, nuclear grade and the number of axillary
nodes involved at presentation. They reported an
inverse corrclation between each of these and sur-
vival. In another study [6], Williams e/ al. reported
a significant relationship between histological grade
and lymph node status and the length of local
recurrence-free interval.

It has also been suggested [7] that patients with
slowly growing tumours have a survival advantage
over those with more aggressive disease. Fisher ef
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al. [8], however, failed to find any significant effect
duc to the length of symptoms prior to treatment
on cither overall survival or recurrence-free survival.

The importance of menstrual status has been the
focus of many studies. MacMahon e/ a/. [9] showed
that, with the exception of patients under 35 years
at presentation, premenopausal paticnts have better
survival than postmcnopausal patients. Other
authors have reported a third group presenting
within 5 years of the menopause, who have worst
survival of all [10, 11]. The poor prognosis of
perimenopausal patients has not been found in other
series {12, 13].

With regard to age, Adamietal. [14] have recently
shown that relative survival declines markedly after
the age of 49 years, with women in the 50-59 years
age group having the worst prognosis. Other studics
[15-17] suggest that paticnts under 35 years have
an even poorer survival.

Sevcral risk factors for breast cancer have been
identified in epidemiological studies, and the prog-
nostic importance of some of thesc in the established
discase has also been investigated. Wang ef al. [18],
for example, found that postmenopausal breast
cancer patients with three or more children had
significantly shorter disease-free interval and overall
survival than those with fewer children.

In addition, Juret e/ al. [19] reported poorer
survival prognosis for patients who started menstru-
ating carly (at less than 11 years of age), but other
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studies 18, 20] have failed to confirm this. Other
intrinsic tumour factors such as histological grade
and hormone receptor status have been found to
be associated with time to recurrence and overall
survival time [20-23].

While several prognostic factors for breast cancer
have been reported, many of those mentioned above
have been identified using univariatc analysis tech-
niques. These mcthods test separately cach factor
for significance, but take no simultaneous account
of the prognostic importance of any others. In this
paper, a multivariate analysis (based on the Cox
proportional hazards model) has been used to exam-
ine the independent contributions of scveral factors
in an attempt to explain the variability in the
observed survival and recurrence-free intervals of a
large series of patients. The factors identified as
being significant have been combined into prognos-
tic indexes which have been used to define groups
of patients with different prognoscs. In order that
these scoring systems could have wide practical
utility, the list of factors tested has been restricted
to those which can be known at the time of initial
treatment assignment.

PATIENTS AND METHODS

Patients

The study was based on a sample of 607 breast
cancer patients selected from a sequential serics of
1542 referred to the Breast Clinic, Guy’s Hospital,
London, betwcen January 1974 and December
1979. The sample was originally chosen as a data-
base for a study of breast cancer in the clderly, and
comprised all patients over the age of 70 years
referred during this period (230 patients), and ran-
domly selected samples of the same size from pati-
ents in the age groups 30-49 yecars and 50-69
years. After excluding patients who had received
any previous treatment, 607 patients remained.

Treatment

Patients were treated by a varicty of currently
accepted modalities which can be grouped under
four major headings: mastectomy, non-mastec-
tomy, radiotherapy and palliative treatment. A
small number of these patients also reccived mel-
phalan (23 patients), tamoxifen (three patients) or
chemotherapy (four patients) as adjuvant treat-
ment.

Variables measured

Time to recurrence [24] and survival were com-
puted from the date of first treatment. Cause of
death was extracted from patient records or, if
necessary, was obtained from the General Prac-
titioner.

Disease stage was determined using the TNM
classification: the size of the primary tumour was

taken as the maximum diameter measured in two
dimensions; lymph node status was determined
clinically, as not all patients had full axillary clear-
ance as part of their treatment.

Postmenopausal patients were defined as those
with ‘absence of periods for the last 6 months
without other known cause’. Patients who had
undergone a hysterectomy before the natural meno-
pausc were coded as premenopausal if aged <50
years at the time of breast cancer diagnosis (nine
patients), and postmecnopausal if aged >50 years
(14 patients).

Other variables recorded in this study were:
length of symptoms, age at menarche, age at meno-
pausc, age at presentation, number of babies, age
at first pregnancy and family history of breast
cancer.

Follow-up

All patients were followed-up at 3 monthly inter-
vals for 2 ycars after the beginning of treatment,
then 6 monthly for a further 3 years, and annually
thercafter. All analysis has been performed with

respect to a common follow-up date of 31 December
1984.

Statistical analysis

The aim was to identify prognostic factors for
survival time and the duration of discase-free inter-
vals beforc local and distant disease recurrence.
Survival time was investigated in the first instance
by taking death duc to any cause as the end-point,
and then separately using only deaths attributable
to the recurrence or persistence of cancer (deaths
duc to other causes then being treated as censoring
events). Classification of deaths due to causcs other
than those directly attributable to breast cancer was
determined from case-note information and death
certificate information where possible. The number
of such deaths so identified (64 paticnts) in the
whole group of 607 patients compares well with the
expected number (60.3) in a normal population of
the same size with the same age distribution.

While survival time was defined for all patients,
time to recurrence, whether local or distant, was
determined only for thosc patients who underwent
modified radical mastectomy.

All univariate analyses in this study used the log-
rank test as the basis for comparing survival curves.
Multivariate analysis for prognostic factors
employed the Cox regression model for survival
data [25]. In this method each candidate factor was
assessced individually for its association with the
length of the interval under consideration, and the
one most strongly related was entered .into the
model. The remaining factors were then examined
having allowed for the first factor, and the one
which improved the prediction most was sclected
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and added to the model. The process was continued
in this way (a ‘step-up’ approach) until all factors
not yet entered into the model were found to make
no statistically significant improvement in explain-
ing the data.

Associated with each factor (Z;) included in the
final model i1s a number, the regression coefficient
(B,). The sign of this coefficient indicates the direc-
tion of prognostic effect: a positive coefficient corre-
sponds to worsening prognosis as the valuc of the
factor increases, and vice versa. For a given patient,
if the valuc of cach covariate in the final model is
multiplied by its corresponding regression cocf-
ficient, and thesc products arc added, a score is
produced (S = B,Z, + B,Z,). In this study, these
prognostic scores have been used to define sub-
groups with different prognoses. The scoring sys-
tems have been tested using another data set.

RESULTS

A univariate analysis of the effect of treatment
in the four categories defined carlier revealed a
significant trend of decreasing survival in the direc-
tion of radical to palliative therapy (Fig. 1). The four
trcatments were ordered and arbitrarily weighted
using the integers 1—4 for subsequent multivariate
analysis. Menstrual status was analysed univari-
ately in three categories: postmenopausal, late post-
menopausal and perimenopausal; ‘late post’ and
‘per’’ being defined as those patients presenting
‘morc than’ or ‘within’ 5 years of their menopause,
respectively. A significant trend (log-rank) in overall
survival (Fig. 2) and recurrence-free survival was
found. For further analysis menstrual status was
coded with weight 1, 2 or 3 in these categories.

All patients—survival

Regression models. When trcatment was included
in the Cox regression, the factors found to explain
best the variation in the observed survival data of
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Fig. 1. Overall survival according to treatment modality: 1 = mastectomy
I = non-mastectomy, 3 = radiotherapy, 4 = palliative.
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Fig. 2. Querall survival according to menstrual status: 1 = premeno-
pausal, 2 = late postmenopausal, 3 = perimenopausal.

the whole group of patients were stage, treatment
and agce [scc Table 1(a)]. In this phasc of the
analysis deaths duc to all causes werce included. The
significant factors are listed in the table in the order
in which they entered the regression model, and the
corresponding regression coefficients specifying the
final model are given.

When deaths not attributable directly to breast
cancer were trcated as censored observations [ Table
1(b)], age no longer significantly contributed to
prognosis, and was replaced in the model by men-
strual status (with perimenopausal patients doing
worst) and tumour size. There was also evidence
that ‘age at menarche’ carries prognostic inform-
ation and this factor would have entered the model
(with a necgative regression coefficient) had the
inclusion criteria been P << 0.075 rather than
P <0.05.

Table 1. Survival (all causes)

Regression
Factor coefficient [Standard
i (Z) (8) error]
1 Stage 0.59 [0.09]
2 Treatment 0.34 [0.07]
3 Age 0.02 [0.004]

Table 1(b). Survival (deaths due to breast cancer)

Regression
Factor coefficient [Standard
i (Z;) (B) error]
1 Stage 0.46 [0.13]
2 Treatment 0.42 {0.08]
3 Menstrual status 0.41 [0.15]
4 Size 0.26 [0.11]
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The inclusion of the treatment variable in these
analyses is useful only by way of explaining the
observed data of the whole group. This variable,
however, reflects not only a ‘true’ treatment effect
(if any) on survival, but also subsumes the effects of
patient management policies which determine how
a patient with particular characteristics will be
treated. It is therefore not possible to disaggregate
the prognostic effects of such characteristics from
those of the treatment itself. If interest is in eventu-
ally using a regression model predictively to help
decide trcatment assignment, it is necessary to
examine prognostic factors within groups of simi-
larly treated patients. In this study, sufficient pati-
ents (326) were treated by modified radical mastec-
tomy, and this group was analysed scparately.

Patients treated by mastectomy

Regression models. Three hundred and twenty-six
patients were trcated by modified radical mastec-
tomy, and of these, 100 had died of disease-related
causes by the analysis date. From Table 2(a) it can
be seen that stage was again significantly associated
with survival (treating deaths duc to other causes
as censored). Age at menarche was the next variable
to enter the model, with carlier menarche &arrying
a worse prognosis. Menstrual status was also found
to be significantly important (perimenopausal pati-
ents faring worse). Finally, age was entered to
improve the model further, with older patients
having better prognosis after allowing for the other
factors already included.

Time from first treatment to distant discase recur-
rence was also investigated and the same prognostic
factors identified for survival werc again found
to be important [see Table 2(b})], since distant
recurrence is a major determinant of survival. Stage
(which itself was highly correlated with size) was

Table 2(a). Survival (deaths due to breast cancer)

Regression
Factor coeflicient [Standard
i (Z) (B)) error]
1 Stage 0.87 [0.17]
2 Age at menarche —-0.13 [0.06]
3 Menstrual status 1.07 [0.32]
4 Age —0.03 [0.01]
Table 2(b). Distant recurrence-free interval
Regression
Factor coefficient [Standard
i (Z,) (B)) error}
1 Stage 0.98 [0.16]
2 Age at menarche —0.13 {0.05]
3 . Menstrual status 1.12 [0.30]
4 Age ~0.03 [0.01]

the only variable found to be significantly associated
with local recurrence-frec interval.

Development of prognostic scores

Using the models for survival and distant recurr-
ence-free interval, two prognostic scoring indexcs
were constructed in the way described carlier, and
in each casc used to define three subgroups of
patients with different prognoses. Figures 3 and 4
show the discrimination provided by these scoring
systems. The curves I-11I1I in each figure represent
paticnts with the highest 10%, the middle 80%,
and the lowest 10% of scorcs, respectively. The
ranges of scores corresponding to cach paticnt sub-
group are shown in Table 3. The P-values relate to
significance of trend.
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Fig. 3. Prognostic groups—survival (deaths due to breast cancer): Group

1= highest 10% of scores, Group 11 = middle 80% of scores, Group 111 =

lowest 100% of scores.
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Fig. 4. Prognostic groups—distant vecurrence-free interval.

Table 3.
Distant disease
Prognostic Overall recurrence-free
group survival interval
I § < —1.00 §<0.80
II -1.00 <5< 140 —0.80 < § < 1.60
I §>1.40 §>1.60
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Validation of prognostic scoring systems

For scoring systems such as those described above
to bc used prospectively to identify patients who
may fare poorly (or very well), they must first be
tested on data scts other than that from which they

werce derived. Data on a further 457 patients treated

by modified radical mastcctomy at the same hospi-
tal were therefore gathered. The median follow-up
(6 ycars) of this group was similar to that (7 years)
of paticnts in the original sample. For cach of these
new patients, values of the four prognostic variables
were entered into the scoring formula for overall
survival. According to her score, cach paticnt was
classified into onc of three prognostic groups defined
by the intervals shown in Table 3. Figure 5 shows
the survival of the three groups constructed in this
way. Figure 6 shows the results of rcpeating the
procedure using the distant recurrence-frec index.
In both cases the scoring systems have provided the
desired discrimination.

DISCUSSION
The survival experience of a group of 607 breast
cancer patients has been described with reference
to clinical factors available at presentation, and the
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Fig. 5. Validation of prognostic index—survival.
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Fig. 6. Validation of prognostic index—distant recurrence-free interval.

treatment they received. The analysis was multi-
variate, allowing at cach stage the indcpendent
contribution of each factor in explaining the varia-
bility of the data to be assessed, after allowing for
any significant factors already identified. Stage and
treatment were both found to be strongly associated
with survival when all patients were considered.
Analysing all causes of death, age was the only other
factor which significantly improved the model. The
older a patient (within a given discase stage and
under a given form of trcatment) the worse the
prognosis. This would bc expected, since older
patients have shorter remaining life expectancy
and arc more prone to concomitant discasc. When
deaths are restricted to those directly attributable
to breast cancer (all other deaths being treated as
censored), this age-cffect disappears and menstrual
status and size of tumour enter the model. In line
with the findings of others {10, 11] the perimeno-
pausal patients (within a given stage and treatment
group) farc worse than pre- and late postmeno-
pausal patients. Although size is taken into account
when assessing stage, it has been found in this study
to contribute additional independent prognostic
information to that provided by stage alone.

While it was felt important to include the treat-
ment variable in a descriptive analysis of survival
experience, it is informative to consider the prognos-
tic cffect of other variables among similarly treated
patients so that those who benefit most or least from
a given form of trecatment can be identified. The
analysis was therefore repeated for the largest group
of like-trcated patients—the modified radical mas-
tectomy group. As for the whole series of patients,
stage and menstrual status were identified as being
significant predictors of survival {discasc-related
dcaths only), but in addition the risk factor age at
menarche, which was previously borderline, was
now found to be highly significant, carly menarche
being associated with poorer survival. This finding
is not without precedent, Jurct ef al. [19] reported a
similarly strong association. The hypothesis which
he suggested, that this might reflect a correlation
with the extent of nodal involvement, cannot how-
cver be answered using the data available in this
study. An association (cohort cffect) between age
and age at menarche has also been conjectured [26],
but the strength of this association in our data would
not account for the level of prognostic significance
found here. In fact, age itself also entered the model,
with an independent effect, but after stage, age at
menarche and menstrual status, with a tendency
for younger patients to fare worsc. Thus when
considering discase-related mortality, these results
suggest that older patients have no survival dis-
advantage simply by virtuc of their age.

The same four covariates which were identified
for survival were also found to be prognostic of
length of distant discase-free interval for the radical
mastectomy group.
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Prognostic scoring systems based on these factors
were constucted and validated {on a different data
set) for both survival and distant recurrence-free
interval. These indexes can be used prospectively
to identify a subset of patients with early disease
who fare relatively badly after modified radical
mastectomy, and who may benefit most from the
combination of local and systemic treatment.

The results of this study include the important
finding that two hormonally related variables (viz
menstrual status and age at menarche) are strongly

associated with survival (and recurrence-free inter-
val) of breast cancer patients. It should be noted,
however, that because the emphasis here was on
constructing a clinically useful prognostic classifi-
cation, other variables such as tumour grade, nodal
involvement and oestrogen receptor status, with
which these co-variates may correlate, have not
been considered.
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