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Breast canNcerRs have widely different clinical
behaviour ranging from that of a highly aggressive
ncoplasm to a virtually chronic discase. Anatomical
staging and histopathological grading provide use-
ful prognostic information; however, there remain
significant heterogencities within groups of paticents
with tumours of the same size and microscopic
morphology. This emphasizes the nced for better
prognostic indicators.

CLINICAL ASSESSMENT OF GROWTH
TEMPO

In previous decades, considerable interest was
given to the influence of tumour growth rate on the
coursc of the discasc. The growth tempo of tumours
was assessed by questioning the patients and a
lower survival for patients with a rapid growth rate
was reported [1-3]. Howcever these assessments of
growth tempo were exposed to the subjectivity of
both the patient and the physician. Attempts were
made to reducc the crrors associated with the inac-
curacics in the answers of the patients regarding the
duration of the symptoms and the time course of
tumour size [4-6]. It was found that 5 years after
initial trcatment, categories of growth rates
remained associated with significant differences in
survival after adjustment for differences in lymph
node involvement [6].

At Villejuif from 1963 to 1980, the growth tempo
of breast tumours was recorded prospectively in
all patients with breast cancer prior to the initial
treatment. The patients were classified according'
to two criteria: the increase in size of the breast
tumour as assesscd by the questioning of the patients
and the presence or absence of inflammatory re-
actions. The presence of inflammatory rcactions
has a strong prognostic impact [7]. Multivariate

analyses showed that, ten years after treatment, the
prognostic significance of inflammatory reactions
remained significant, independently of all other
prognostic indicators such as tumour size or histopa-
thological grading. On the other hand, whercas
rapid growth rate without inflammatory reactions
has a significant prognostic influence in univarate
analyscs, its impact is much lower when, in multiva-
riate analyses, other prognostic indicators (in par-
ticular the size of the tumour and the histologic
grade) are included in the analysis (Fontaine ef al.,
in preparation). This lack of significance might
partly be duc to the imprecision inherent in the
clinical assessment of growth tempo.

DOUBLING TIME

In the sixties, the introduction of the concept of
tumour doubling time (DT) cnabled a quantitative
estimation of tumour growth rate. However the
measurement of DT necessitated sequential mam-
mographics over scveral months and it was felt
uncthical to submit patients routinely tosuch invest-
igation. Nevertheless a few studies were performed
on relatively small numbers of patients [8]. Ger-
shon-Cohen et al. [9] and Heuser e/ al. [10] found a
higher incidence of positive axillary nodes in pat-
icnts with a rapid growth rate than in those with a
slow growth ratc. Kusama e/ @/. [11] found in a
retrospective analysis that the long-term survival
after surgical treatment was higher in the subgroup
of patients in which the long-term survival was
identical despite considerable spread of DT. More-
over at Villejuif, Malaisc e/ @l. were able to show
that the DT is corrclated with the time interval
between initial treatment and relapse as well as
with the duration of survival after relapse [12].
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LABELING INDEX

Thus these preliminary studies, despite their
methodological limitations, underlined the clinical
interest of the assessment of growth rate. In the
carly 1970s it became apparent that the percentage
of tumour cells in S phase, as determined by thymid-
ine labeling index (LI) is highly correlated with the
proportion of tumour cells engaged in a proliferative
cycle. This is due to the fact that the ratio of the
duration of the S phasc over the duration of the cell
cycle is relatively constant among human tumour
cells [13]. Morcover the studies carried out on
experimental and human tumours showed a good
consistency between LI measured in vive and in
vitro after incubation with tritiated thymidine [14].
Hence in a first approximation, in vitro LI is pro-
portional to the potential DT,

The actual DT is always much longer than the
potential DT which takes no account of the rate of
cell loss which may be in somc human tumours in
excess of 90% of the rate of cell production [15].
However, despite this theorctical problem, studics
have shown that there is good correlation between
LI and actual DT, for two reasons: firstly the
variations in the rate of tumour ccll loss are relatively
limited within a group of tumours of a given histo-
logic type; secondly the rate of cell loss does not
vary at random but is positively correlated with the
growth fraction, hence although actual DT is not
proportional to potential DT, there is a highly
significant correlation between LI and actual DT
[15].

In 1972, a prospective study was undertaken at
Villejuif in which the LI was measured conseccut-
ively in 128 patients with mammary carcinomas.
The preliminary results, reported in 1975, showed
that the LI was higher in patients with rclapse [16].
The data were updated in 1981 [17], 1984 [18]
and recently. As we shall sec below, the results
confirm the high prognostic significance of the LI
determination.

Several other groups have independently studied
the prognostic significance of LI; two of these
studies, those of Meyer et al. [20-22] and of Silves-
trini et al. [22, 23], are of particular importance in
view of the large number of patients included and
of a follow-up ranging from 4 to 6 ycars. The
conclusions of these threc studies arc consistent
(Table 1) and we shall briefly summarize them.

In the three studies the value of LI is not corre-
lated with the presence or absence of invasion of the
axillary nodes nor with the clinical stage or the size
of the primary breast tumour. However in the series

of Meyer et al. [21], there is a slight increasc in LI

with increasing tumour size and in our series the
LI is slightly higher in paticnts with a large number

of involved axillary nodes [17], but in both cases
the differences are relatively small. The LI is higher
in paticnts with carcinoma with severe inflamma-
tory rcactions [17, 21], with undifferentiated histo-
logic type, with neccrosis. It is significantly
corrclated with histopathological grading {17, 21].
In the serics of Meyer et al. which comprises 757
paticnts, mean LI showed a stepwise decrease with
increasing agc.

The main point which emerges from these three
studics is the high independent prognostic signifi-
cance of LI. Despitc its corrclation with the histo-
pathological grade, LI has in our scrics a significant
impact on rclapse and death, independent of all the
other prognostic indicators. In the three studies,
multivariate analyses have shown that the prog-
nostic impact of LI is independent of stage, size of
the tumour, status of the axillary nodes and histo-
logic gradc; it remains significant within the group
of paticnts without involvement of axillary nodes.
This was recently confirmed by a study performed
by Silvestrini ef al. [23] on a series of 238 patients
with opcrable breast cancer without nodal involve-
ment. The 6-year relapsc free survival was 80% in
paticnts with low LI tumours vs. 60% in paticents
with high LI tumours. Morcover the prognostic
significance of LI was observed both in premeno-
pausal and post-menopausal patients and there are
in the low LI subgroup paticents with large tumours
or with involved axillary nodes.

When it became apparent that the rate of carly
relapse was higher in patients with a high LI, the
main question which arose from this observation
was whether this higher incidence was duc to a
higher likclihood of distant dissemination or simply
to a morc rapid growth rate of occult metastases
{16, 17, 20]. The follow-up in our scrics is longer
than 15 years and it has become possible to answer
this question. The time interval between initial
trcatment and detection of relapse is much shorter
in patients from the high LI group (1 ycar) than in
the intermediate group (3 ycars), however after a
follow-up of 15 years the incidence of relapsc is
identical in the two groups (15-year relapsc-free
survivalis cqual to 30% in both subgroups) (unpub-
lished data). Converscly it now clearly appears that
the low incidence of relapse in the low LI subgroup
(15-ycar rclapse-free survival equal to 75%) cannot
be explained only by differences in growth rates
and therefore appears to be due at least partly to
differences in the mctastasizing probability of the
ncoplastic cells. From a practical point of view, this
means that LI can help onc to define the population
of breast carcinoma paticnts most likely to benefit
from adjuvant chemotherapy, cven among patients
without axillary nodc involvement.
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Table Y. Thymidine labeling index V(LI) as predictor of relapse after radical therapy of breast carcinoma

Interval Probability
Author Stage (years) LI of relapse
Tubiana et al. [42] (T,-T,) 15 Low 0.25
Intermediate 0.7
High 0.7
Mevyer et al. [20] I 4 Low 0.1
High 0.5
II Low 0.3
High 0.5
Silvestrini et al. {23] LIT(N=) 6 Low 0.20
High 0.40

RELATIONSHIP WITH DNA CONTENT
AND OTHER BIOLOGICAL
CHARACTERISTICS

The information available from LI assaysis there-

fore remarkable; however, the mcthod has two
disadvantages: (1) the measurementis laborious; (i)
it requires at least 10 days for processing. This is
why its use remained limited till these technical

problems were overcome during the past few years. |,

New techniques have been introduced for the esti-
mation of the proportion of proliferating cells. The
assay of the DNA content of tumour cell nuclei,
cither by flow cytophotometry or by image cyto-
metry, enables the measurement of the proportion
of cells in S phase in diploid tumours; it yields
results which are similar to the LT [24]. In ancuploid
tumours or in tumours in which several subclones
are present, the determination of the proportion of
cells in S phasc is less accurate. However, a good
correlation was reported between thymidine LT and
percentage of S-phase cells determined by cytometry
[24, 25]. Moreover, bromodeoxyuridine (BrdU)
can be used as a substitute for tritiated thymidine
and labeled cells can be detected by use of an
antibody to BrdU. The combination of an assay of
cell DNA by flow cytophotometry and of BrdU
labeling gives information on the proportion of cells
engaged in a cell cycle, the duration of the cell cycle
and the ploidy of the tumour cell population [26].
The data clearly show that the mecan LI of
aneuploid breast tumours is significantly higher
than that of diploid tumours [26, 27]. For example,
in the study on 1000 tumours by Dressler et al. [28],
the median proportion of cells in S phase was 2.6%
in diploid tumours vs. 10.4% in ancuploid tumours
(P < 0.0001). In some tumour types ancuploidy
appears to be associated with poor prognosis
[29-31]. Thus it remains to be examined in breast
tumours whether the unfavourable prognostic vari-

able is aneuploidy or a high proportion of S-phase
cells. In a few types of tumours, the data suggest
that poor prognosis is linked to the higher growth
fraction rather than to ancuploidy but in breast
tumours no data are yet conclusive [32]. It is
noteworthy that pretreatment ploidy of the primary
tumour as well as the pretrcatment LI {23] have
very little influence on survival after relapse.

Breast tumours with diploid DNA content tend
to be of low histologic grade and ocstrogen receptor
rich, whercas those with higher ploidy are more
anaplastic and poorer in oestrogen receptor proteins
[25, 33-35]. It has hcen reported [27] that the
proportion of cells in S phase was highest in
hypodiploid tumours which is also the group with
the lowest levels of oestrogen and progesterone
receptors. This emphasizes the strong correlation
which exists between these various biological
characteristics. However, despite the existence of a
significant ncgative correlation between LI and
ocstrogen  or  progesteronc  receptor — content
[21, 23, 32], LI is a prognostic indicator independ-
ent of steroid receptor content. Thus the simul-
tancous measurcment of the hormonal receptors,
ploidy and LI or the percentage of S-phase cells is
not redundant and may help one to identify the
subset of poor risk patients, in particular among
axillary node negative patients [28].

Studies are currently investigating EGF receptors
in breast cancer biopsics [36-38]. The data have
shown a striking relationship between EGF receptor
level and/or EGF binding affinity and the prolifer-
ative ratc [36, 38], whereas there is much less
correlation between ploidy and EGF receptor detec-
tion [36].

Currently, one of the main avenucs for rescarch
is the study of corrclation between proliferative
ratc and oncogenc cxpression or amplification, in
particular that of thosc oncogenes which are assoc-
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iated with growth factors or receptors for growth
factors.

BREAST CANCER NATURAL HISTORY

Another avenuc for research is the analysis of the
influence of growth rate on breast cancer natural
history, in particular the size of the primary tumour
at mctastatic disscmination. The natural history of
human breast cancer is a topic which has been
much discussed but for which quantitative data
were scanty till recently.

During the past two decades, numerous investi-
gations have shown that the growth rate of human
breast cancers is throughout its clinical course either
constant or progressively decreasing [39]. Morcover
when the growth rates of the primary tumour and
of its distant metastases were measured, it was
found that they are related but the latter are more
rapid [39]. On this basis, we developed a model of
the natural history of breast cancer in order to
extract from the analysis of a serics of 4000 patients
treated at Villejuif, information which otherwisc
could not have been obtained [40, 41].

The study of the relationship between the size of
the breast tumour and the dissemination probability
was madc without any assumption as to the pattern
of tumour growth. The study of experimental
tumours has shown that a threshold volume at
which the first metastasis is initiated exists for
each tumour type. By analogy the increase in the
incidence of metastasis as a function of the clinical
diameter of the tumour in a serics of paticnts can be
interpreted as the increasing proportion of tumours
which are larger than their threshold volume [40].

We therefore subdivided the population of pat-
ients into eight classes according to the volume of
the tumour at surgery and plotted for cach class the
actuarial cumulated proportion of patients with
metastases as a function of time after treatment up
to the 25th year. This proportion at 25 ycars is
assumed equal to the dissemination probability
before initial treatment in this class of patients. The
volume at the time of detection (in logarithmic
coordinates) and the metastasis initiation prob-
ability (in probit coordinates) shows a remarkable
linear relationship. Thus, the threshold distribution
is lognormal, with a median (termed V) of 23.6 ml
(dia. = 3.56 cm) and a 95% confidence range of
individual values from 0.14 to 4000 m! [40].

In a given patient, the time interval between the
treatment of the primary tumour and the detection
of a distant metastasis depends upon four variables:
the size of the tumour at the time of metastatic
dissemination, the size of the tumour at trecatment,
the doubling times of the tumour and of the metast-
ases [39]. In a subgroup of paticnts, the mean size
of the tumour at the time of treatment is known,
the size of the tumour at the time of metastatic

dissemination can be calculated, moreover the ratio
of the doubling times of the primary tumour and of
the metastases is known [39, 41]. Therefore in the
various subgroups of patients, the duration of the’
doubling times can be assessed through the com-
puter analysis of the metastasis appearance curve
as a function of time after initial treatment.

Thus it becomes possible to compare the natural
history of patients with different values of the pri-
mary tumour DT. The results of the calculations
arc remarkably consistent with the results of our
study on the prognostic significance of the LI. They
make it possible to prolong the curve till the 25th
year and to foresce that cven after this long follow-
up, there will be a markedly lower incidence of
rclapse in patients with a slow growth rate than in
the other two groups.

Our previous studies on the mean tumour volume
at distant spread (V5,) have shown that two main
prognostic variables have a strong impact on this
volume: the histologic grade and the number of
involved axillary nodes [40]. However, we have
recently shown that the significance of the number
of involved nodes is not the same for a small or a
large tumour [42]. In order to assess the propensity
of a tumour to invadce lymph nodecs, it was therefore
necessary to combine the two pieces of information
(size of the tumour and number of involved lymph
nodes) in one figurc. We have developed a method
for assessing the tumour size at the involvement of
the axillary lymph nodes and have shown that it is
possible, in cach subgroup of patients, to compute
the mean tumour size V) at the time at which the
first axillary node was invaded (Kosciclny ef al.,
unpublished data). The results show that on the
average during tumour progression, the capacity
for lymphatic spread is acquired much carlier than
the capacity for hacmatogenous spread. There is a
highly significant correlation between Vs, and V).
Three subsets of tumours were compared: with
a small, intcrmediate or high valuc of V. The
differences in the mean volumes of the tumour at
initiation of distant metastatic spread and axillary
node involvement arc considerable between the
three subsets. The value of DT in the three subsets
of patients ranges from 3.5 in the subgroup with
the small ¥V, to 7 months in the intermediate sub-
group and 14 months in the most favourable sub-
group. In the subsct of patients in whom the tumour
is rapidly growing, first axillary lymph node
invasion occurs when the tumor diameter is approx.
2-3 mm and metastatic dissemination is initiated
when the tumor is relatively small (less than 1.5 cm
dia.). On the contrary, for tumours with a slow
growth rate, the first axillary lymph node is invaded
when the tumour diameter is approximately equal
to 4 cm and on average the first distant metastasis
is initiated only when the tumour reaches 6 cm in



diameter.

However, the present analysis is not consistent
with the concept that breast cancer is a conglom-
erate of different diseases with widely different natu-
ral histories.
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paramcters rather suggests that thereis a continuum

The unimodal distribution of the subtype.
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