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BREAST CANCERS have widely diffcrcnt clinical 
behaviour ranging from that of a highly aggrcssivc 
neoplasm to a virtually chronic disease. Anatomical 
staging and histopathological grading provide usc- 
ful prognostic mformation; however, thcrc remain 
significant hctcrogencitics within groups of patients 
with tumours of the same size and microscopic 
morphology. This emphasizes the need for bcttcr 
prognostic indicators. 

CLINICAL ASSESSMENT OF GROWTH 
TEMPO 

In previous dccadcs, considcrablc intcrcst was 
given to the influcncc of tumour growth rate on the 
course 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 [l-3]. H owcvcr thcsc asscssmcnts of 
growth tempo wcrc exposed to the subjectivity of 
both the patient and the physician. Attempts wcrc 
made to reduce the errors associated with thr inac- 
curacics in the answers of the patients regarding the 
duration of the symptoms and the time course of 
tumour size [4-61. It was found that 5 years after 
initial treatment, catcgorics of growth rates 
remained associated with significant diffcrenccs in 
survival after adjustment for diffcrcnccs in lymph 
node involvement [6]. 

At Villcjuif from 1963 to 1980, the growth tempo 
of breast tumours was recorded prospcctivcly in 
all patients with breast cancer prior to the initial 
treatment. The patients wcrc classified according’ 
to two criteria: the incrcasc in size of the breast 
tumour as assrsscd by the questioning ofthc patients 
and the presence or abscncc of inflammatory rc- 
actions. The prcscnce of inflammatory reactions 
has a strong prognostic impact [ 71. hlultivariatc 

analysts showed that, ten years after trcatmcnt, the 
prognostic significance of inflammatory rractions 
rcmaincd significant, indcpcndcntly of all other 
prognostic indicators such as tumour size or histopa- 
thological grading. On the othrr hand, whcrcas 
rapid growth rate without inflammatory reactions 
has a significant prognostic influcncc in univariatc 
analysts, its impact is much lower when. in multi\.a- 
riate analysts, other prognostic indicators (in par- 
ticular the size of the tumour and the histologic 
grade) arc included in the analysis (Fontainc el al., 
in preparation). This lack of significancr might 
partly be due to the imprecision inhrrcnt in the 
clinical assessment of growth tempo. 

DOUBLING TIME 
In the sixtics, the introduction of the concept of 

tumour doubling time (DT) cnahlcd a quantitative 
estimation of tumour growth rate. Howc\,cr the 
mcasurcmcnt of DT nccrssitatcd scqucntial mam- 
mographics over sc\.cral months and it was felt 
unethical tosubmit patients routinely tosuch invcst- 
igation. Ncvrrthclcss a few studies wcrc pcrformcd 
on rrlativcly small numbrrs of patients [8]. Grr- 
shon-Cohen e! nl. [9] and Hcusrr e1 nl. [ IO] found a 
higher incidcncc of positi1.r axillary nodes in pat- 
icnts with a rapid growth ratr than in those with a 
slow growth rate. Kusama e/ ctl. [I l] found in a 
rrtrospcctivc analysis that the long-term survival 
after surgical trratmrnt was higher in the subgroup 
of patients in which the long-term survi\.al was 
identical dcspitc considcrablc sprrad of DT. hlore- 
over at Villcjuif, Rlalaisc e/ (11. vvcrc ahlc to show 
that the DT is corrrlatcd with the time intrrval 
bctwccn initial trcatmcnt and rrlapsc as well as 
with the duration of sur\iv.al after rclapsc [ 121. 
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LABELING INDEX 
Thus these preliminary studies, dcspitc their 

methodological limitations, undcrlincd the clinical 
interest of the assessment of growth rate. In the 
early 1970s it became apparent that the pcrccntagc 
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 prolifcrativc 
cycle. This is due to the fact that the ratio of the 
duration of the S phase over the duration of the ccl1 
cycle is relatively constant among human tumour 
cells [ 131. Moreover the studies carried out on 
experimental and human tumours showed a good 
consistency between LI measured in vivo and in 
vitro after incubation with tritiated thymidine [ 141. 
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 some human tumours in 
excess of 90% of the rate of cell production [ 151. 
However, despite this theoretical problem, studies 
have shown that there is good correlation between 
LI and actual DT, for two reasons: firstly the 
variations in the rate oftumour ccl1 loss arc 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, hcncc although actual DT is not 
proportional to potential DT, there is a highly 
significant correlation bctwccn LI and actual DT 
[ii]. 

In 1972, a prospective study was undertaken at 
Villejuif in which the LI was measured consccut- 
ively in 128 patients with mammary carcinomas. 
The preliminary results, reported in 1975, showed 
that the LI was higher in patients with rclapsc [ 161. 
The data were updated in 1981 [17], 1984 [18] 
and recently. As we shall set 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. [20-221 and of Silves- 
trini et al. [22, 231, are of particular importance in 
view of the large number of patients included and 
of a follow-up ranging from 4 to 6 years. The 
conclusions of these three studies arc consistent 
(Table 1) and we shall briefly summarize them. 

In the three studies the value of LI is not corrc- 
lated with the prcscnce or absence of invasion of the 
axillary nodes nor with the clinical stage or the size 
of the primary breast tumour. However in the scrics 
of Meyer et al. [21], there is a slight increase in LI 
with increasing tumour size and in our series the 
LI is slightly higher in patients with a large number 

of involved axillary nodes [ 171, but in both cases 
the differences arc relatively small. The LI is higher 
in patients with carcinoma with severe inflamma- 
tory reactions [17, 211, with undiffcrcntiatcd histo- 
logic type, with necrosis. It is significantly 
corrclatcd with histopathological grading [ 17, 2 11. 
In the scrics of Meyer el al. which comprises 757 
patients, mean LI showed a stcpwise decrease with 
increasing age. 

The main point which cmergcs from thcsc three 
studies is the high independent prognostic signifi- 
cancc of LI. Dcspitc its correlation with the histo- 
pathological grade, LI has in our scrics a significant 
impact on relapse 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 indcpcndcnt of stage, size of 
the tumour, status of the axillary nodes and histo- 
logic grade; it remains significant within the group 
of patients without involvement of axillary nodes. 
This was rcccntly confirmed by a study pcrformcd 
by Silvcstrini el al. [23] on a scrics of 258 patients 
with operable breast cancer without nodal involvc- 
ment. The 6-year rclapsc free survival was 80% in 
patients with low LI tumours vs. 60% in patients 
with high LI tumours. Morcovcr the prognostic 
significance of LI was observed both in prcmcno- 
pausal and post-menopausal patients and there arc 
in the low LI subgroup patients with large tumours 
or with involved axillary nodes. 

When it became apparent that the rate of early 
relapse was higher in patients with a high LI, the 
main question which arose from this observation 
was whether this higher incidence was due to a 
higher likelihood of distant dissemination or simply 
to a more rapid growth rate of occult mctastascs 
[ 16, 17, 201. The follow-up in our scrics is longer 
than 15 years and it has bccomc possible to answer 
this question. The time interval bctwecn initial 
trcatmcnt and detection of relapse is much shorter 
in patients from the high LI group (1 year) than in 
the intcrmcdiatc group (3 years), howcvcr after a 
follow-up of 15 years the incidence of rclapsc is 
identical in the two groups (15-year relapse-free 
survival is equal to 30% in both subgroups) (unpub- 
lishcd data). Convcrscly it now clearly appears that 
the low incidcncc of rclapsc in the low LI subgroup 
( 15-year rclapsc-free survival equal to 75%) cannot 
bc cxplaincd only by diffcrcnccs in growth rates 
and thcrcfore appears to bc due at least partly to 
diffcrcnccs in the metastasizing probability of the 
ncoplastic cells. From a practical point of view, this 
means that LI can help one to dcfinc the population 
of breast carcinoma patients most likely to bcncfit 
from adjuvant chcmothcrapy, even among patients 
without axillary node involvement. 
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Table 1. Thymidine labeling index (LI) as predictor of relapse after radical therapy of breast carcinoma 

Interval Prohat,ilit> 

Author Stagr (years) I,1 of rrlapsr 

Tubiana el al. 1421 

M’ltycr el 01. I201 

Silvrstrini el nl. 1231 

(T-T,) 15 

I 4 

II 

1,11(X-) G 

Low 

Intrrmcdiatr 

High 

I .ow 

High 

I .OM 

High 

LOW 

High 

RELATIONSHIP WITH DNA CONTENT 
AND OTHER BIOLOGICAL 

CHARACTERISTICS 
The information availahlc from LI assays is therc- 

fore remarkable; however, the method has two 
disadvantages: (i) the measurement is laborious; (ii) 
it requires at least 10 days for processing. This is 
why its use remained limited till thcsc technical 
problems were overcome during the past few years. 
New techniques have been introduced for the csti- 
mation of the proportion of proliferating cells. The 
assay of the DNA content of tumour cell nuclei, 
cithcr by flow cytophotomctry or by image cyto- 
metry, enables the mcasuremcnt of the proportion 
of cells in S phase in diploid tumours; it yields 
results which arc similar to the LI [24]. In ancuploid 
tumours or in tumours in which several subclones 
arc present, the detrrmination of the proportion of 
cells in S phase is less accurate. However, a good 
correlation was reported between thymidinc LI and 
percentage ofS-phase cells dctermincd by cytometry 
[24, 251. Moreover, bromodeoxyuridinc (BrdU) 
can be used as a substitute for tritiated thymidinc 
and labeled cells can be detected by USC 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 ccl1 cycle 
and the ploidy of the tumour ccl1 population [26]. 

The data clearly show that the mean LI of 
aneuploid breast tumours is significantly higher 
than that of diploid tumours [26, 271. For example, 
in the study on 1000 tumours by Drcsslcr 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 aneuploidy 
appears to bc associated with poor prognosis 
[29-311. Thus it remains to be examined in breast 
tumours whether the unfavourablc 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 arc yet conclusive [32]. It is 
noteworthy that pretreatment ploidy of the primary 
tumour as well as the prctrcatmcnt LI (231 have 
very little influcncc on survival after relapse. 

Breast tumours with diploid DNA content tend 
to bc of low histologic grade and ocstrogcn receptor 
rich, whcrcas those with higher ploidy arc more 
anaplastic and poorer in ocstrogen rrccptor proteins 
[25, 33-351. It has been rcportcd [27] that the 
proportion of cells in S phase was highest in 
hypodiploid tumours which is also thr group with 
the lowest lcvcls of ocstrogcn and progcstcronc 
rcccptors. This cmphasizcs thr strong correlation 
which exists between thcsr v,arious biological 
characteristics. Howcvcr, dcspitc the cxistcncc of a 
significant negative correlation bctwccn LI and 
ocstrogen or progcstcronc rcccptor content 
[21, 23, 321, LI is a prognostic indicator indcpcnd- 
cnt of steroid rcccptor content. Thus the simul- 
taneous mcasurcmcnt of the hormonal rcccptors, 
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 ncgativr patients [ 281. 

Studies arc currently invrcstigating EGF rcccptors 
in breast cancer biopsies [36-383. The data have 
shown a striking relationship between EGF rccrptor 
level and/or EGF binding affinity and the prolifcr- 
ativc rate [36, 381, whcrcas thrrr is much less 
correlation bctwccn ploidy and ECF rccrptor dctcc- 
tion [36]. 

Currently, one of the main avcnucs for rcscarch 
is the study of correlation bctwccn prolifcrativc 
rate and oncogcnc cxprcssion or amplification, in 
particular that of those oncogcncs which arc assoc- 
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iated with growth factors or rcccptors for growth 
factors. 

BREAST CANCER NATURAL HISTORY 
Another avcnuc for rcscarch is the analysis of the 

influcncc of growth rate on breast cancer natural 
history, in particular the size of the primary tumour 
at mctastatic dissemination. 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]. Morcovcr 
when the growth rates of the primary tumour and 
of its distant metastases were measured, it was 
found that they arc related but the latter arc more 
rapid [39]. On this basis, WC developed a model of 
the natural history of breast cancer in order to 
extract from the analysis of a series of 4000 patients 
treated at Villejuif, information which otherwise 
could not have been obtained [40, 411. 

The study of the relationship between the size of 
the breast tumour and the dissemination probability 
was made 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 series of patients 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 each 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 years 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 rcmarkablc 
linear relationship. Thus, the threshold distribution 
is lognormal, with a median (termed I&,) of 23.6 ml 
(dia. = 3.56 cm) and a 95% confidence range of 
individual values from 0.14 to 4000 ml [40]. 

In a given patient, the time interval bctwecn the 
treatment of the primary tumour and the dctcction 
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 treatment, 
the doubling times of the tumour and of the mctast- 
ases [39]. In a subgroup of patients, 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, 411. 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 diffcrcnt 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 foresee that even after this long follow- 
up, there will be a markedly lower incidence of 
relapse in patients with a slow growth rate than in 
the other two groups. 

Our previous studies on the mean tumour volume 
at distant spread ( lfr,,,) 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]. Howcvcr, WC have 
recently shown that the significance of the numb& 
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 invade lymph nodes, it was therefore 
necessary to combine the two picccs of information 
(size of the tumour and number of involved lymph 
nodes) in one figure. WC have dcvelopcd a method 
for assessing the tumour size at the involvement of 
the axillary lymph nodes and have shown that it is 
possible, in each subgroup of patients, to compute 
the mean tumour size I’, at the time at which the 
first axillary node was invaded (Kosciclny el al., 
unpublished data). The results show that on the 
average during tumour progression, the capacity 
for lymphatic spread is acquired much earlier than 
the capacity for hacmatogenous spread. There is a 
highly significant correlation bctwccn I’>,, and I’,. 
Three subsets of tumours wcrc compared: with 
a small, intcrmcdiatc or high value of l’,. The 
diffcrenccs in the mean volumes of the tumour at 
initiation of distant mctastatic spread and axillary 
node involvcmcnt arc considcrablc bctwccn 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 intcrmcdiatc sub- 
group and 14 months in the most favourablc sub- 
group. In the subset ofpatients in whom the tumour 
is rapidly growing, first axillary lymph node 
invasion occurs when the tumor diamctcr 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 
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diameter. parameters rather suggests that thcrc is a continuum 
However, the present analysis is not consistent from slow growing disease with late axillary involve- 

with the concept that breast cancer is a conglom- ment and distant dissemination to the most aggress- 
crate ofdifferent diseases with widely diffcrcnt natu- ive, rapidly growing and early metastasizing 
ral histories. The unimodal distribution of the subtype. 
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