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Heterogeneity of Intratumour Proliferative Activity
in Primary Breast Cancer: Biological and Clinical
Aspects

A. Paradiso, A. Mangia, A. Barletta, S. Fusilli, F. Marzullo, F. Schittulli
and M. De Lena

The present retrospective study was undertaken to verify whether the extent of intratumour proliferative activity
variation or the method of quantifying tumour proliferative activity is related to biological characteristics and
clinical outcome in a series of operable node-negative breast cancer patients. For tumour proliferative activity
evaluation, the *H-thymidine autoradiographic assay was used. After incubation of 3-8 samples from different
areas of the equatorial section of each tumour for 1 h at 37°C with *H-thymidine, the following methods were used
for evaluation of tumour cell labelling: mean tumour labelling index (LI), the highest labelling value from a specific
area (LI-max), and the extent of intratumour labelling variation from several samples (LI-CV). LI-max was
related to ER and PgR status, and linearly correlated with LI (c.c. = 0.92, P < 10~%) whereas LI-CV was
independent of tumour size, grade ER and PgR status, but dependent on the number of tumour samples analysed
for each tumour. After 5 years of median follow-up, disease-free survival was only related to tumour size (T1
versus T2: 84 versus 64%, P < 0.04 by log rank analysis) and different LI values (low versus high *H-Tdr-LI: 86
versus 61%, P << 0.03 by log rank analysis). LI-max and LI-CV values were not significantly related to clinical
outcome. Cox multivariate analysis confirmed the independent prognostic value of LI and tumour size on disease-
free survival.

Key words: proliferative activity, breast cancer
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INTRODUCTION breast cancer patients [2, 3]. One of the major criticisms against

TUMOUR PROLIFERATIVE activity, determined according to vari-
ous assays, has been demonstrated to be of prognostic relevance
in several human cancers [1], and in particular for operable
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these studies is directed at a potential source of error: the
variability of site to site tumour proliferative activity [4]. More-
aver, this tumour variability has been demonstrated not to be
artefactual and is of greater magnitude than the intra-operator
counting error [3, 6].

While genctic and non-genetic factors [7, 8] have frequently
been suggested to explain the heterogeneity of regional tumour
cell kinetics, scarce discussion has been directed to the biological
and clinical significance of these intratumour differences.

One of the first methods frequently udlised to predict the
breast cancer cell proliferation rate was the in vitro uptake of the
nucleic acid precursor *H-thymidine by tumour fragments, and
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this has been demonstrated to be an independent prognostic
indicator for node-negative breast carcinoma patients [9-12].
The present retrospective study was undertaken to verify
whether heterogeneity of breast cancer proliferative activity as
determined by various techniques for quantifying *H-thymidine
labelling, is related to other common tumour characteristics and
the clinical outcome in a series of Ty ; node-negative primary
breast cancer patients. The methods used to evaluate tumour
heterogeneity were: the mean tumour labelling index (LI}, the
highest labelling value (LI-max) with reference w0 a specific
tumour area, and the extent of the labelling variations (LI-CV)
among several intracumour samples (i.e. intratumour cell kinetic
heterogeneity expressed as coefficient of variation).

MATERIALS AND METHODS

A consecutive series of 179 patients with node-negative pri-
mary invasive breast carcinomas (f',_, Ng M, according to ULCC
criteria) treated by radical surgery in the Senology Department
of the Oncology Institute of Bari, Italy berween 1985 and 1991
were admitted to the present study. Patients were classified as
postmenopausal when more than 2 years had clapsed from last
INENSes.

After surgical removal, fresh pathological material was
immediately analysed by the pathologist. The primary tumour
was isolated from surrounding ussue, and one fragment was
used for routine histological analysis and cytohistological tumour
differentiation grading according te Fisher [13]. From the
remaining primary turour material, a 3-5 mm rthick slice was
excised at the equartorial plane (central surface) of the tumour,
immersed in salt solution, and transferred to the laboratory for
m ottro assays of hormone receptor content, and LI and DNA
content by flow cvtometry.

Sampling procedure and autoradtographic prohferative activity
study

A total of 3-8 {mcan: 5) samples of approximately 1 mm? each
were randomly selected from different areas of the equatorial
slice of cach tumour, and subjected to autoradiography pro-
cedures within 1 h after surgery. After pooling, the samples
were immersed in tissue culture medium and incubated with
*H-Tdr {specific activity, 5 Ci/mmol) for 1 h at 37°C. Ar the end
of incubation, tumour ussue samples were fixed in Bouin’s
solution and embedded in paraffin, according to previously
reported procedures [14]. Successively, one 5 pmn section from
each sample was prepared and placed on a glass slide for
preparation of autoradiographs. Autoradiographic stripping film
{Kodak AR10; Eastman Kodak Co., Rochester, NY, U1.5.A)
was then applied on the slide. After an exposure time of 10 days
at 4°C, the autoradiograms were developed in Kodak D19b and
fixed in Kodak FS5 solutions. Finally, the autoradiographic slide
{in which each tumour sample is represented by one slice) was
prepared and scanned by an expert operator, with an optical
microscope under a high and low power field. When the samples
were small enough to allow the precursor to completely pen-
etrate, counting was performed throughout all the section;
otherwise, the counting was limited to the periphery of the
section {up to 80 microns in depth). Subsequently, the following
characteristics were evaluated.

(a) the presence of sufficient neoplastc cellularity in the
section of each tumour sample; a tumour sample was
considered evaluable when at least 200 tumour cells were
analysed in autoradiographic section (according to this
criteria, 641/907 of all tumour samples were cvaluable,
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with a median number of evaluated neoplastic cells per
cach sample section of 371);

(b} the number of *H-Tdr labelled and unlabelled neoplastic
cells in cach tumour sample. Since *H-Tdr labelled cells
were distributed heterogeneously throughout the various
tumour samples, tumour proliferation characteristics were
quantified according to the following formulas:

(1) mecan tumour proliferation was calculated by counting the
*H-Tdr labclled and unlabelled tumour cells from all
samples of the same tumour, and expressed as the percent-
age of overall labetled tumour cells with respect to the total
tumour cell number (LID; each tumour was considered
evaluable when ar least 2000 tumour cells from all the
samples of that tumour were counted;

(i) after the preliminary evaluation of cell labelling in selected

microscope fields {100 x), the within sample LI with the

highest density of *H-Tdr labelled cells was considered the
maximum LI value of each tumour (LI-max);

the intersample spread of the LI values for each tumour

was computed by the calculation of coefficient of variation

of LI values {LI-CV — standard deviation mean < 100) and
was considered as the direct expression of intratumour cell
proliferative heterogeneiry.

(iif)

The laboratory where the autoradiographic procedures were
performed participated in the Programme of Quality Control for
LI coordinated by the Italian Society of Basic and Applied Cell
Kinetics [15].

Hormone receptor dosage

A sample of tumour material was frozen in liquid nitrogen and
stored at —80°C for no more than 1 month. Tumour cell
cytosol for hormone receptor analysis was obtained by dissolving
powdered tumour biopsy tissue with a pH 7.4 buffer containing
1.5mM EDTA, 10 mM monothioglycerol, 10 mM sodium
molvbdate; the solution was then centrifuged at 105 000 g for
60 min and the supernatant fraction was eluted. Oestrogen (ER)
and progesterone {PgR) receptors were successively assaved by
the DCC method according to the European Organization for
Research on Treatment of Cancer [16]. The cut-off value for
ER and PgR analyses was 10 fmol/mg cytosol prowein. The
laboratory, where hormone receptor dosage was performed,
participated in the European Programme of Quality Control for
Hormone Receptor Assay, coordinated by the ltalian ad hoc
committee [17].

DNA content by flow cytometry

Flow ¢vtometry (FCM) analysis was performed on cell suspen-
sions from 93 primary tumeours obtained by mechanical disaggre-
gation of tumour material frozen at —80°C. After staining
with 4'—6"-diamidino-2-phenylindole dihydrochloride {1 pg/ml;
DAPI, Serva), samples were analysed on a Partec Pas II mercury
lamp flow cyvromerer (Partec, Switzerland). The results were
expressed as the frequency distribution of DNA cell content;
normal DNA histograms were characterised by a peak corre-
sponding to the DNA content of G, diploid cells. Clonal DNA
abnormality (aneuploidy) was identified by the presence of an
accessory peak generally shifted to the right of the (75, diploid
peak. The coefficient of variation of cach DNA histogram was
caleulated from the G peak according to the formula: CV - the
width of the peak of the half maximum x 100 divided by the
model channel number of the peak. Mean CV of the series was
4.8%. The percentage of aneuploid cells was defined as the



Intratumour *H-Thymidine Labelling Index

percentage of cells in the (f5 , aneuploid peak with respect to
those in the (75 diploid peak. Diploid tumours were considered
as those with 0% aneuploid cells. The laboratory where DNA
FCM analyses were performed participated in the quality control
study of the Italian Group of Cytometry for DNA content
measurement [18].

Clinical study

A total of 101 of 179 patients with the following criteria were
entered in the clinical study: radical breast surgery (radical
mastectomy or quadrantectomy and axillary dissection plus
radiotherapy) for invasive breast carcinoma performed before
December 1989, no postsurgical systemic therapy, and available
follow-up information from the outpatient clinic with reference
to periodical ad hoc clinical, haematological and instrumental
examinarions.

Disease-free interval and cancer-related overall survival of
patients were calculated from the date of surgerv. Median follow-
up of the series was 60 months. Two non-cancer related deaths
were observed during the follow-up period, and these data were
regarded as censored.

Stanstical analysts

The statistical analysis was carried out using BMDP software
(Los Angeles, CA, U.S.A.). A univariate analysis was performed
to study the distribution curves of LI, LI-max and LI-CV
values. Median values of the series have been used to classify
each case as having high or low LI, LI-max and LI-CV for
comparison with the other biological parameters and clinical
follow-up.

Fisher’s test and the chi-square test were used to verify the
assaciation between two or more categorised variables. The
Mann—Whitney non-parametric test for independent groups of
data and the Kruskal-Wallis non-parametric test for multiple
comparisons were utilised to correlate proliferative activity
values to other clinical and biological tumour characteristics.

To quantify the relationships between various continuous
biolegical characteristics, a linear regression model was com-
puted which was tested for significance. In order to analyse the
independent contribution of various factors on disease-free
survival and cancer-related overall survival, a final Cox multivari-
ate analysis was performed on previously categorised continuous
variables. Survival curves for breast carcinoma patients were
estimated according to Kaplan-Meier, and significant differences
were analysed by the log-rank test (significance limit: < 0.05).

RESULTS
Biological relationships

Of the 179 patients with evaluable autoradiographic assays,
75.2 (42%) were pre/perimenopausal, tumour diameter was less
than 1 cm in 4%, berween 1 and 2 ¢cm in 60% and larger than
2 ¢cm in 36% of cases. With regard 1o cytohistological tumour
differendation, 15, 38 and 47% of cases were classifiedas G|, G,
and G, respectively. Hormone recepter positive cases were 61%
for ER and 58% for PgR; 81% (75/93) of umours with DNA
content evaluated by FCM were aneuploid.

LI had an exponential distribution with a median value of
2.4% (range: 0.01-18.9; mean: 2.9%). The median LI value was
not related to tumour size; it was slightly higher in premeno-
pausal than in postmenapausal patients (2.6 versus 2.3%;
P = n.s.) in grade 3 tumours when compared with those of
grade 1-2 (2.9 versus 2.1%; PP = n.s.), and in aneuploid com-
pared with diploid tumours (2.8 versus 2.2%; P = n.s.). Con-
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versely, median LI was significantly lower in ER-positive versus
ER-negative cases (2.0 versus 2.9%; P < 0.003) and in PgR-
positive  versus PgR-negative cases (1.9 versus 3.0%;
P < 0.003).

The trequency distribution of the LI values from the rumour
samples with the highest *H-thymidine labelling (L.I-max) dem-
onstrated a mean value of 5.2%. Median value of the series was
4.3%, which was significantly lower in ER-positive (L.I-max of
ER+ versus ER— — 3.7% versus 5.5%; P < 0.02)and in PgR-
positive tumours (3.7% for PgR+ versus 5.5% for PgR—;
P < (.008). There was no significant correlation between LI
and tumour size (median LI-max in T versus T tumours = 4.3
versus 4.3%; P = n.s.) or & characteristics (median LI-max in
Gy, Gy and Gy subgroups = 4.0 versus 4.3 versus 4.7%,
respectively; P = n.s.). Lastly, LI-max did not statistically vary
in tumours for which a varying number of tumour samples
was evaluated (3-8 for each tumour). A statistical significance
between the LI and LI-max values (overall agreement: 91%,

P <0001 witch a linear correlation (correlation
coefficient = .92, P < 1079 was also demonstrated
(Figure I).

With regard to LI-CV, the frequency distribution was near
normal (mean = 49, median = 49, mode = 35, 8D = 27.4). The
LI-CV was independent of rumour size, grade, ploidy, ER and
PgR status, low and high LI categories and low and high median
number of tumour cells evaluated per sample (cut-off, the
median value of the overall series: 371 cells per sample section).
Concerning technical aspects, the mean number of cells evalu-
ated per section was not significantly different in tumours with
high or low LI-CV values while LI-CV was directly dependent
on the number of tumour samples analysed for each tumour
{mean LI-CV in cases with == 3,4, 5 and > 5 samples evaluated:
32, 49, 68 and 72%, respectively, P <t 0.001). Furthermore, an
inverse linear correlation was evident between LI and LI-CV
values (coefficient of corrclation = —-0.410; P > 0.001;
Figure 2), but no association was noted with ER or PgR levels.
Finally, the LI-CV was independent both of the percentage of
aneuploid cells present in the tumour and the presence of within-
tumour multiclonality, as evidenced by analysis of DNA content
by flow cytometry {data not shown).

Clinical study

The group of 101 node-negarive breast cancer patients entered
in the clinical study (the criteria for exclusion of 78 patients from
clinical analysis has been already reported in the Methods
Section) was composed of 93 cases of radical mastectomy and 8
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Figure 1. Correlation between LI and LI-max values in a series of
179 node-negative breast cancer patients (correlation coefficient =
0.92, P<<10 ).
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Figure 2. Correlation between LI and LI-CV values in a series of
179 node-negative breast cancer patients.

cases of quadrantectomy+axillary dissection+local radio-
therapy; the mean number of removed axillary lvmph nodes was
17.5 (range 9-37). A total of 21 relapses (5 local relapses and 16
distant metastases, of which 9 were in bone, 5 in the viscera and
2 in multiple sites) and 11 cancer-related deaths were observed
after 80 months of follow-up.

The frequency of disease relapse and probability of disease-
free survival in relation to clinical-pathological and tumour
proliferative characteristics is reported in Table 1 {median values
of the series were used to classify patients as low or high LI,
and identifv LI-max and LI-CV). Disease-free survival was
significantly different in patients with T, versus 1", tumours {84
versus 64%, 7 < 0.04 by log rank analysis, Figure 3b)and with
low or high LI (86 versus 61%, P < 0.03 by log rank analysis,
Figure 3a), but not in patients with diffcrent menopausal status,
oestrogen or progesterone receptor status, low or high LI-max
value (81 versus 69%, respectively) or low or high primary
tumour LI-CV (75 versus 77%, respectively). Cox multivariate
analysis (Table 2) confirmed the independent prognostic value

Table 1. Univaniate analysis of influence of prognostic factors
on disease free survival

Number of  Actuarial DFS
cases {80 mos} P value

Menopause status

Pre- 35 73%

Post- 66 93% n.s.
Tumour size

T 16 84%
Receptor status

1, 55 6% 0.04

ER- 36 78%

ER+ 65 1% n.s.

PgR— 38 73%

PR+ 63 80% 0.s.
*H-Tdr-1.1

Low Sl Ba%)

Lligh 50 61% 0.03
“H-Tdr-LI-max

Low 51 81%

High S0 69% n.s.
*H-Tdr-LI-CV

Low 51 75%

High 50 7% n.s.

A. Paradiso et al.

of LI (relative risk: 1.877; confidence interval (CI} 1.134-5.560)
and tumour size (relative risk: 3.868; CI: 1.166-12.837) on
disease-free survival.

Cancer-related overall survival ar 80 months of follow-up was
statistically related to LI (92 versus 78% for patients with low
or high LI tumours, respectively; P < 0.05; Figure 4a) and
tumour size (94 versus 76% for patients with small or large
tumours, respectively; 2 <2 0.03; Figure 4b) but not to LI-max
value (89 versus 84% in patients with high or low LI-max,
respectively) or LI-CV (86 versus 86% in patdents with low or
high LI-CV, respectively). The relatively short period of follow-
up did not permit a multivariate analysis of cancer-related overall
survival.

DISCUSSION

Proliferative activity heterogeneity of human breast cancer
has been demonstrated to be of substantial and appreciable
magnitude with different laboratory techniques, such as flow
cytometry [19], immunohistochemistry [20] and *H-thymidine
autoradiography [11]. Nevertheless, the quantification of this
tumour characteristic 1s routinely performed only on one tumour
sample and subsequently related to clinical ourcome of breast
cancer patients in clinical studies without any comment of how
Inaccurate or unrepresentative it might be.

In parucular, the cell counts and intratumour variability of
tumour proliferative activity as determined by *H-thymidine
incorporation assay has been discussed by Lambert [S] who
solicited further studies to determine whether mean tumour
proliferative activity or the highest value from a specific tumour
area might be better indicators of growth rate and clinical
behaviour of the disease. Only a few studies have focused their
attention on the biological and clinical significance of tumour
cell kinetics variability.

Mever and Witdiff [21], performing *H-Tdr assay on multiple
samples from large primary breast tumours, classificd the
majority of cases considered as heterogeneous. In their study,
the heterogeneity rate did not differ significantly in patients with
respect to age or tumour size, whereas heterogeneity tended to
be more frequent in cases with higher LI and in cases with lower
ER and PgR levels. Ferno and associates [22], analysing two
fragments from each primary breast tumour, verified that the
prognostic value of DNA measurement might be enhanced by a
larger sampling procedure. In a small clinically heterogeneous
breast cancer series, the author concluded that patients whose
within-tumour S-phase fraction varied significantly seemed to
have a poor prognosis. Ina series of 52 human breast carcinomas,
Going and associates [23] udlised different methods for counting
bromodeoxyuridine immunostained breast cancer cells, and
found that the ratio between the labelling of ‘high labelling’
fields and ‘random’ fields was extremely variable. Wintzer and
coworkers [24], focusing their interest on tumour growth as
determined by Ki-67 nuclear antigen expression, investigated
whether the method of quantfying Ki-67 posiuve cells influ-
cnced the correlation with prognosis. By evaluating the mean
Ki-67 labelling of the tumour and the area with the highest
labelling density, thev demonstrated that both quantifying pro-
cedures were highly correlated, but did not demonstrate an
independent clinical effect for the highest Ki-67 value with
multivariate analvsis. Finally, Aaltomaa and associates [25]
determined proliferating nuclear cell antigen {PCNA) immuno-
labelling in a heterogeneous series of breast carcinomas, verifying
that the best clinical method to evaluate the anugen expression
was that which considered the percentage of nuclet with intense
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Figure 4. Overall survival in a series of 101 node-negative breast cancer patients according to tumour proliferative activity (a) and tumour size

Table 2. Cox multrvariate analysis influence of prognosiic
Jactors on disease free survival

Relative  Confidence r
risk interval value
Menopausal status
pre- versus post- 0.518 0.184-1.458 0.21
T category
T2 cmversus T=22 cm 3.868 1.166-12.837 0.017
Cyrtohistological grade
G1 versus G2 versus G3 1.057  0.543-2.057 0.87
*H-Tdr-LI
high versus low 1.877 1.134-5.560 0.046
ER
negative Versus positive 1.236 0.634-2.850 0.38

positivity in a sufficient number of consecutive microscopic
fields from the tumour area of highest labelling.

Our study considered an homogeneous and sufficiently large
group of T\_, Ny M, patients treated with radical surgery; the
clinically followed patients did not receive further systemic
therapy after surgery. Qur series showed a similar LI median
value, hormone receptor status and tumour size to that of
previously reported studies [9-12].

The evaluation of the LI-max value from the tumour area with

(b).

the highest labelling density was strictly related to the mean
tumour proliferative activity value (Figure 1) and inversely
associated with common markers of tumour differentiation {ER/
PgR status, nuclear differentiation grade). It must be noted that
LI-max was independent of technical aspects, such as number
of samples and/or cells evaluated for each tumour. In conclusion,
the mean LI value and the LI-max value from the tumour sample
with the highest ramour proliferative activity seem to be part of
the same biological phenomenon which is, in turn, related to the
hormonosensitivity of the tumour. It might be hypothesised that
tumour growth is sensitive to the potential action of regional
control factors able to modulate the overall tumour cell kinerics.
These biological laboratory data seem to be confirmed by the
clinical results of our study; patients with a high LI-max value
demonstrated the same tendency for a poor prognosis as tumours
with a high LI, but the prognostic role seems to be berter
correlated to the mean LI value as determined by counting at
least 2000 cancer cells from the various tumour samples of each
tumour.

The LI-CV values demonstrated a near-normal frequency distri-
bution with a mean value slightly higher than that reported by
other authors [15] and were clearly unrelated to the tumour
biological characteristics considered; in fact, LI-CV seemed to be
influenced only by technical aspects, such as number of tumour
fragments evaluated. In addition, the DNA rumour multiclonality
as determined by FCM ploidy and the presence of different
percentages of aneuploid cells within the same tumour were not
related 1o primary tumour cell kinetic heterogeneity.
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In contrast to the data of Meyer and Wiulliff [21] who, in
a series of larger tumours, utilised a different cell kinetic
quantification cencept to classify cases as heterogeneous, our
data showed that the tendency of primary breast cancer for a
higher regional cell kinetic variability is inversely related to its
LI value which concurs with the data of Lambert [5]. Slow
proliferating tumours are frequently confirmed 1o be a hetero-
geneous entity 1n which clones with different biological aggress-
iveness coexist; conversely, fast cell proliferation within the
primary tumour seems 1o represent an obstacle for the coexist-
ence of kinetically different cell clones. From the clinical point
of view, high or low tumour LI-CV values were not able to
individualise women with different DFS and cancer-related
overall survival. However, before drawing definitive conclusions
about the clinical and biological role of LI-CV, our data indicate
that the number of samples selected from primary tumours
should be increased in order to reach a2 more stabilised and
representative LI-CV value.

In conclusion, the tendency of breast cancer to be highly
heterogenecus in terms of proliferative activity must still be
biologically and clinically interpreted, and future efforts should
be addressed to studying genetic factors which are important in
the early phases of the carcinogenesis process. In our series of
node-negative breast cancer patients, mean tumour proliferative
activity characteristics (i.e. *H-Tdr-LI) scem o be more
imperrant for clinical outcome than the presence of a small cell
clone with a high proliferative rate or the tendency of each
mour 1o be kinetically heterogeneous. This observation is
consistent with the well-established prognostic role of LI, calcu-
lated as the mean value from several tumour samples, which
emerges from the literature [9-12]; an impressive similariry has
been reported concerning the capability of this biological variable
to identify patients with node-negative breast cancer and signifi-
cantly different disease-free and overall survival.

These data constitute the basis of a prospective clinical
trial concerning node-negative breast cancer patients, recently
activated in our institure [26], in which patients with a high risk
of relapse who are prospective candidates for adjuvant therapy
are properly selected according to their LI primary tumour
characteristics.
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