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Abstract

To investigate the process of metastasis, primary clinical data and disease events such as metastases, local recurrence and survival
(median follow-up 9.4 years) from the Munich Cancer Registry from 1978 to 1996 were analysed. Since metastases, even from small
tumours, may be initiated before the diagnosis of the primary tumour, the growth of the primary tumour and metastasisation may
be two autonomous processes. In our data, survival following metastases was almost unrelated to primary tumour size. However,
the number of M1 cases and the time to metastasisation depended on the tumour diameter at diagnosis. The time from initiation of
metastases to its diagnosis was estimated as 5.8 years. The growth of metastases was almost homogeneous. However, the growth
time following metastasisation—depending on the metastases-free time, receptor status and histological grade—only varied by
approximately a factor of 2. Local recurrence, above all, was an indicator of metastases. Furthermore, local recurrence may also
have the potential to metastasise. Excess mortality due to local recurrence was estimated up to 9.3 years after diagnosis. Our
hypothesised metastases model illustrates the importance of early detection, the concept of breast-conserving therapy and addi-
tional metastases from local recurrence. It highlights the benefits of optimal local therapy of the primary tumour and the limitations
of systemic therapy. It also questions the use of axilla dissection and lymph node irradiation. Its generalisation to solid tumours
may help to clarify many of the current controversial debates.
© 2003 Elsevier Ltd. All rights reserved.
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1. Introduction

With improvements in long-term survival rates
through loco-regional radiotherapy following mas-
tectomy [1,2], metastases have become an area of con-
cern [3] and the following questions have been raised.
Are loco-regional recurrence and metastasisation inde-
pendent events or can loco-regional recurrence cause
secondary metastases [4-10]? When does metastasis
start [11,12]? As a result of such questions, both Hal-
sted’s [13] and Fisher’s [14] paradigms are being debated.
For example, does metastasis spread continually from the
primary tumour or is it already an established systemic
disease at diagnosis [15-17]? To address these questions,
we have analysed the metastasisation process qualitatively
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and quantitatively using data from the Munich Cancer
Registry. The implications for clinical research and popu-
lation-based healthcare delivery will be discussed.

The aim of this paper was to demonstrate the impor-
tance of tumour size in the disease course. While the
frequency of metastases increases as the tumour grows,
metastatic growth itself, viewed from several angles,
appears to be homogeneous and not dependent on the
pT stage. Finally, while local recurrence may be an
indicator of primary metastasisation, it may also play a
role in secondary metastasisation.

2. Patients and methods

2.1. Data collection

The empirical data for the following analyses and
discussion was provided by the Munich Cancer Registry
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(MCR). Breast cancer data extends back to the end of
the 1970s, where data collection started in two medical
faculties in three hospitals. In the beginning, only 20%
of patients in the Munich region were accounted for
but, today, the data are almost population-based. The
MCR now routinely records all cancer patients that are
treated in Munich and surrounding areas (part of
southern Bavaria). At the time of this study, the popu-
lation size was approximately 2.3 million; currently it
stands at 3.7 million. All pathology reports for solid
tumours from all the pathology laboratories in the
Munich area are sent, almost on a weekly basis, to the
MCR. From these reports, the total number of breast
cancer patients in the region is systematically known
and the main prognostic factors, such as pTNM stage,
tumour grade, histology, lymph node harvest and
resection margins are ascertained. Lymph node metas-
tases refer to the ipsilateral axilla (without supraclavi-
cular fossa) and the ipsilateral lymph nodes of the
mammaria interna, but the latter is not normally oper-
ated upon (according to the fifth edition of the TNM
classification, which was valid until 2001 and applies to
the cohort analysed). Histological grade was based on
the criteria of Bloom and Richardson, with the
modifications of Elston and Ellis [18].

In parallel, clinicians completed standardised forms
concerning patients’ domicile, tumour diagnosis, pri-
mary therapy, follow-up and palliative care. Doctors’
letters and radiotherapy reports were also available.
Progression and life-status were monitored throughout
the follow-up, the latter maintained systematically
through death certificates and the inhabitants registra-
tion office. All MCR data are registered according to
the official documentation guidelines for cancer regis-
tries. Thus, at present, follow-up, in terms of life status,
is available in approximately 95% of the catchment
area.

It is not possible to achieve complete data in a tumour
registry over such a long period of time. For example,
receptor status was not assessed until the mid-1980s,
likewise the number of investigated and positive lymph
nodes or tumour diameter were not always recorded.
Complete prognostic and progression data were also
not feasible from the routine documentation of such a
patient sample, thus missing data are not presented.
While incompleteness of this data must be taken into
consideration, it should not affect the critical reasoning
presented here.

2.2. Patient sample

New breast cancer patients (invasive tumours only),
without a synchronous or metachronous second non-
breast malignancy, were included in the analysis. Sar-
coma cases were excluded. For the correlation between
tumour diameter and lymph node status, primary data

from 1988 to 2001 were evaluated. All other analyses
(survival analyses, time analyses of disease progression)
pertained to patients from 1978 to 1996. 1996 was cho-
sen as the cut-off date in order to ensure at least 5 years
of follow-up (to 2001) and to avoid bias towards cases
with early progression.

2.3. Outcome measure

Three outcomes were assessed in these analyses:
metastasisation (MET)—distant metastasis usually
determined by image processing—, local recurrence
(LR)—LR can be both a second invasive or ductal car-
cinoma in situ (DCIS) event, independent of the primary
method of operation—and lymph node recurrence
(LNR).

2.4. Statistical analyses

The MCR data is managed in an Oracle database.
Statistical analyses were conducted in SAS (version 6.1).
Overall survival following diagnosis and progression
was assessed by the Kaplan—Meier method and com-
pared by the log rank chi-square statistic. The expected
survival of age-matched women was calculated accord-
ing to the observation time of each woman and the life-
tables of the German ‘normal population’. Relative
survival was computed by the ratio of the observed
survival rate to the expected survival rate [19]. Fre-
quencies were compared using chi-square tests and
means by U-tests. Due to the large sample size, most
results were significant and are thus not presented here.
Instead, we wish to focus on the pattern of these results
and their logical implications.

Two basic principles were employed in the analyses.
First, all analyses were stratified by pT category, irre-
spective of primary MET or lymph node status, as
tumour size describes the growth process better than
International Union Against Cancer (UICC) stage or
lymph node status. Even if the latter is appropriate for
individual prognoses. Second, M1 cases—with a MET-
free time of zero—were included in all of the time ana-
lyses. Even though the data for the entire period under
observation are not population-based, by stratifying
these analyses by pT category and including M1 cases,
systematic bias should have been avoided.

3. Results

A total of 12423 patients, recruited by the MCR
between 1978 and 1996, contributed to this description
of the disease process. Survivors were followed-up for a
median of 9.4 years. Table 1 describes the distribution
of the most important prognostic factors by pT cat-
egory. In the median observation period of 9.4 years,
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3078 metastases (of which 596 (4.8%) were M1), 1320
(10.6%) LRs and 442 (3.6%) LNRs were recorded. A
total of 4550 (36.6%) patients died during this time. The
relationship between prognostic factors and pT category
can be clearly seen in Table 1. Fig. 1 outlines overall
survival by pT category, and thus by tumour size. The
strong association between tumour size and lymph node
status, the most important prognostic factor, is demon-
strated in Fig. 2. A linear correlation between these two
parameters is evident. Fig. 3—overall survival following
MET—shows homogenous metastatic growth, almost
independent of pT category.

In Fig. 4, mean MET-free time (including M1 cases
with a MET-free time of zero) and progression time
following MET (from Table 1) are displayed for each
pT category. Death was chosen as the reference point
for all of the pT categories. There was no correlation
between the pT category and survival following MET,
but a lead time effect can be seen. This lead time reduces
the time to MET with increasing pT category. MET
frequency (and thus tumour-related mortality) was,
above all, dependent on the tumour size. So while the
tumour size increases, i.e. during the lead time, the

frequency of MET increases. The proportion of T2 that
eventually kill the patient (47.7%, i.e. 100-15 years
relative survival) minus the proportion of fatal Tl
(22.4%) gives an estimate of the additional metastasisa-
tion that may occur between T1 and T2 (47.7-
22.4=25.3).

In Fig. 5, the cumulated MET-free time and survival
time curves are displayed for the 2405 patients with
MET who died. The cumulative distribution curve for
the hypothesised initiation of MET was calculated from
the time to MET curve.

Fig. 6 shows the overall survival following MET by
histological grade. The differences between the survival
curves were just significant. The survival curves follow-
ing MET, stratified by MET-free time, portrayed in
Fig. 7, indicate only a slight relationship between these
factors. The lack of a correlation between the MET-free
time and survival following MET can also been seen in
the scatter diagram in Fig. 8. The correlation analysis
for each pT category accounted for less than 1% of the
explained variance.

In contrast with survival after MET, Fig. 9 indicates
that survival following LR (without considering

Table 1
Patient and tumour characteristics by pT category
Characteristics pTl pT2 pT3 pT4
pT

n=12423 5772 4897 671 1092

Proportion (%) 46.4 39.4 5.4 8.8
Age (mean) (years) (years) 57.0 58.1 559 65.3
Lymph node (LN)-positive (%) 30.3 55.1 76.5 73.6
Histological grade (G)

Gl (%) 11.8 3.2 1.8 1.4

G2 (%) 62.5 52.8 41.7 47.5

G3 (%) 25.7 44.0 56.6 51.1
Oestrogen receptor-negative (%) 29.4 30.3 36.2 26.9
Metastasisation primary (M1) (%) 1.1 4.2 9.7 21.1
Follow-up (number of person years) (years) 45490 33602 3714 4846
Follow-up (mean time of patients alive) (years) 9.4 9.4 10 9
Local recurrence (LR) (%) 9.1 11.3 16.8 11.7
Cumulative LR-rate after 10 years (Kaplan—Meier) (%) 11.3 15.3 25.5 19.2
Local lymph node recurrence (LNR) (%) 2.6 43 4.9 4.7
Metastasisation® (MET) (%) 14.7 28.9 43.4 47.8
MET/LR (%) 1.6 2.6 2.6 4.1
Deceased (%) 24.5 41.6 56.8 65.9
Relative survival after 15 years (%) 77.6 52.3 314 24.1
Time from diagnosis to LR (mean) (months) 47.9 40.9 32.5 25.4
Time from diagnosis to LR (median) (months) 39.0 29.4 21.5 15.2
Time from diagnosis to MET (mean) (months) 43.7 36.7 27.2 17.1
Time from diagnosis to MET (median) (months) 353 26.2 19.9 3.7
Time from MET to death (mean) (months) 25.0 24.9 24.1 22.3
For patients with MET only:

Time from diagnosis to MET (mean) (months) 38.3 32.6 24.0 139
For patients with MET and LR only:

Time from diagnosis to MET (mean) (months) 55.9 44.5 30.0 249

The expected survival of age-matched women was calculated according to the observation time of each woman and the life-tables of the German

‘normal population’.
a M1 inclusive.
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synchronous or subsequently diagnosed metastases) was
dependent on the pT category. This emphasises that the
growth process for local recurrence was not dependent
on metastasisation. For each pT category, survival fol-
lowing LR was worse than that following the primary
diagnosis. Thus, the role of pT-dependent LR as an
indicator for MET, originating from the primary
tumour, is also apparent. In addition, Fig. 10 illustrates
the possibility that a secondary MET may develop from
LR.
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Fig. 1. Overall survival following diagnosis by pT category. Overall
survival by pT category following diagnosis and expected survival of a
gender and age comparable cohort in the normal population were
compared. After 5 years, one would expect breast cancer survival to
parallel the expected survival. In contrast, there was a continuous
excess mortality, especially in the pT1 and 2 groups.
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4. Discussion
4.1. pT category, positive lymph nodes and survival

Growth is essential for the development of tumours.
Tumour size is therefore the most important factor in
describing tumour biology. This is emphasised by the
observed 1% increase in mortality with every millimetre
increase in tumour diameter. The pT category system
itself recognises the prognostic importance of tumour
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Fig. 3. Overall survival following metastasisation by pT category.
Overall survival after metastasisation was compared by pT category.
The difference between the survival curves was only just significant.
After metastasisation occurred, survival appeared to be independent
of pT category, indicating an almost homogeneous growth of meta-
stases.
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Fig. 2. Proportion of positive lymph nodes by tumour diameter. Tumour diameter, in 5-mm intervals up to over 50 mm, is specified on the x-axis.
The first interval on the x-axis is for all invasive tumours of 5 mm or less, the second of 10 mm or less, but more than 5 mm, and so on. For each
interval, the proportion of negative lymph nodes, 1-3, 4-10, and over 10 positive lymph nodes (LN), are outlined. The analysis was based on 5000
patients with pT1-pT3 tumours. The dotted line demonstrates the linear correlation between tumour diameter and the number of positive lymph

nodes.
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Fig. 4. Mean metastases-free survival time and mean progression time by pT category, synchronised to time of death. As the pT category increased,
time to metastasisation and, therefore, the overall survival time decreased. With death as the fixed reference point, time from metastasisation to
death was similar across all pT categories. The difference in survival time can be explained, therefore, by a lead time effect. This indicates delayed
detection, not a tumour growth characteristic.
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Fig. 5. Cumulative distribution of the metastases-free survival time, the overall survival time and the hypothetical initiation of metastases. Out of
4550 deceased patients, metastases were recorded for 2405. The two curves, time to diagnosis of metastasisation and time to death, were calculated
from these patients with metastasisation. The beginning of the time to diagnosis of metastasisation curve indicates the percentage (18.8) of M1 cases
of all deceased patients with metastasisation (compared with 4.8% in the total sample). To hypothesise when metastases could have been detected,
the shape of the time to death curve was replicated and shifted to the base of the time to diagnosis of metastasisation curve. As metastases growth
seemed to be homogeneous, a curve of similar shape would be expected to represent the initiation of metastasisation. The magnitude of the potential
shift should be estimated, however, from the time to metastasisation of pT1 tumours, where time to metastasisation is most accurately assessed
without a lead time effect (see Fig. 4). The median time to metastasisation for pT1 tumours was 2.9 years (Table 1, 35.3 months). The maximum time
to metastasisation must, therefore, be 2-fold the median, i.e. 5.8 years. Thus, to hypothesise the possible time of initiation of metastasisation, the
time to diagnosis of the metastasisation curve has been shifted 5.8 years, assuming that metastasisation growth is homogeneous for all of the pT
categories. The small percentage of metastasisation that would still occur after the diagnosis of the primary tumour (and its removal) may be
attributed to metastasisation induced by local recurrence.
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size (see Table 1 and Fig. 1). As the tumour size
increased, so the probability of finding positive lymph
nodes increased (Fig. 2). Another study group also
found this linear correlation up to 5 cm [20]. However,
the number of positive lymph nodes is the strongest
prognostic factor for individual prognoses, as it indi-
cates that disease spread has already occurred.

4.2. The role of the pT category on survival time before
and after MET

The frequency of MET and mean survival time (of
metastasised patients) following diagnosis was depen-
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Fig. 6. Overall survival following metastasisation by histological
grade. Overall survival after metastasisation was compared by tumour
grade (G1, G2, G3). G, grade.
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Fig. 7. Overall survival following metastasisation by time to metasta-
sisation. Overall survival after metastasisation appeared only slightly
related to the time from diagnosis to metastasisation. The unexpected
greater survival of M1 cases could be due to the early detection of
metastasisation through better perioperative diagnostics.

dent on the pT stage (Table 1). Breast cancer-specific
mortality is almost always a result of MET. Thus, sur-
vival time can be split into two steps, MET-free time
and progression time after MET until death. Table 1
shows a crucial reduction in the tumour-free time as the
pT stage increases. Thus, MET is expected to occur
earlier in patients with larger tumours. However, the
argument that this shorter tumour-free time and the
greater number of M1 cases is evidence of tumour
aggressivity is flawed. The time when a breast cancer
tumour is detected, whether by mammography, palpa-
tion, self-examination or due to symptoms, iS coin-
cidental. While tumour size and the detection method
are important [20], the time of the detection itself is
practically unrelated to tumour biology, as is often
reported in the literature [21]. Fig. 3 provides empirical
proof of this. pT category, and with it the number of
M1 cases, did not influence survival time following
MET, in contrast to the results of some studies [11,22].
Mean survival time following MET ranged between 22
and 25 months (Table 1). Progression time after MET
was thus very homogeneous. It follows, then, that the
MET growth process continued after initiation, inde-
pendent of the size and growth of the primary tumour.

If the disease process after MET is homogeneous,
then it seems logical that the disease process before the
diagnosis of MET is also homogeneous. Thus, the
number of M1 cases or the length of the tumour-free
period are not the result of different biological beha-
viours. Fig. 4 outlines this relationship. Survival time
was presented separately for each pT category and has
been synchronised so that death was the fixed time point
at zero. Time was then run backwards from this point.
Thus, it can be seen that the point of diagnosis for
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Fig. 8. Scatter diagram for the metastases-free survival time and the
survival time after metastasisation. The correlation between time to
metastasisation and survival time after metastasisation is shown in the
scatter diagram with logarithmic scales. Less than 1% of the variance
was explained by the correlation analysis. The M1 cases, with zero
time to metastasisation, can be seen beside the y-axis. The variability
in the survival time for the M1 cases was comparable to that observed
for cases at 10 or 100 months to metastasisation.
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pT2-4, relative to pTI1, simply occurred later in the
process of tumour growth. It is also evident that the
MET process progressed independently. Thus, there
were more M1 cases and a shorter tumour-free interval,
the longer the primary tumour had time to grow. The
actual time of diagnosis is almost a random event in
relation to the process of tumour growth and the inde-
pendent MET process. Only the frequency of the MET
process (that was already underway) and not its velocity
was related to tumour diameter. The earlier the tumour
is detected, the less chance that MET has already been
initiated. The difference in MET-free survival time
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Fig. 9. Overall survival following local recurrence by pT category.
Compared with Fig. 1 (survival after diagnosis), survival after local
recurrence was worse for all pT categories. This emphasises the role of
local recurrence as an indicator for metastasisation. In contrast to survi-
val after metastasisation (seen in Fig. 3), survival following local recur-
rence appears to be related to the pT category of the primary tumour,
especially for the pT1 and pT2 groups. This indicates that the growth
process of local recurrence was also not dependent on metastasisation.

between the pT categories indicates a lead time effect, as
has been identified elsewhere [23].

4.3. Tumour growth and the frequency of MET

The difference in the number of M1 cases, that are
clinically manifest at diagnosis, from 1.1% for pT1 to
21.1% for pT4 (Table 1) is evidence of the frequency
and duration of the active MET process. Three points
will be discussed concerning the time to MET. Firstly,
the data show that over a 15-year period, a mean of
22.4% of MET occurred in pT1 patients (15-year rela-
tive survival 77.6%, therefore 22.4% breast cancer-spe-
cific mortality, i.e. from MET). If the tumour were not
removed at pT1 (mean diameter 14mm) then the rate of
MET could increase a further 25.3% in the time that the
tumour grows into a pT2 tumour (mean diameter 28
mm) (Table 1). In other words, almost half of the MET
estimated at pT2 (47.7%) may have already started
before the tumour was of a pT1 size, long before the
point of diagnosis of a pT2 tumour.

Second, there is some evidence regarding the time it
takes for a pT1 tumour to grow into a pT2 tumour.
Since growth requires time, this point can be seen in the
average age difference between the pTl1 and pT2
patients. In a population-based study with over 3300
patients, recruited over a 2-year period, the average age
of pT1 patients was 59.8 years and 61.8 years for pT2
patients [24]. Table 1 shows an average age difference of
only 1.1 years between the pT1 and pT2 categories for
all MCR patients over a 20-year period. Thus, it takes
approximately one to 2 years for a tumour to double in
diameter (from 14 to 28 mm) or for the tumour volume
to increase 8-fold. An 8-fold increase is equivalent to
doubling the tumour volume three times. Thus, for the
tumour volume to double, it would take between 120
and 245 days (1-2 years divided by three). In previous
studies, the time for a tumour to double in volume was

v

v
i Diagnosis MET* Local recurrence MET**
—p of pT1 after 38.3 months after 47.9 months after 86.2 months
(patient with +
MET only) death
after a further 25.0 months

* Metastasisation of primary tumour
** ‘Secondary’ metastasisation

>

Time (months)

Fig. 10. ‘Secondary’ metastasisation. Besides metastasisation of the primary tumour, secondary metastasisation also exists. Secondary metastasisa-
tion may be initiated by local recurrence. The mean time from diagnosis to local recurrence for pT1 tumours was 47.9 months (Table 1). If one
assumes the same growth duration from local recurrence to secondary metastasisation, as from diagnosis of the primary tumour to primary metas-
tasisation (38.3 months), secondary metastasisation for pT1 tumours would be expected after 86.2 months, with death predicted approximately 25
months later. This later mortality may help to explain the excess mortality (seen in Fig. 1) up to 9 years after diagnosis.
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80-188 days (depending on the patient’s age), or 157
days for the 50—70-year-old age group [25,26]. Likewise,
these results show a variation in the possible growth
time by a factor of 2.

The third point is related to breast cancer screening
[27]. The sojourn-time concept applies to the preclinical
phase, when the tumour is detectable by mammo-
graphy, but before it is clinically evident. When the time
between the two examinations is 3 years, between 54
and 82% of the expected breast cancer cases appear as
so-called ‘interval cancers’ in the third year, before the
next appointment [28]. In a 2-year period, there is a
realistic chance of detecting 50% of all invasive tumours
under 15 mm diameter, a recognised quality indicator
for mammography [29]. From these well known facts
and our data, it can be concluded, qualitatively and
quantitatively, that the MET process starts several years
before the diagnosis of a primary tumour.

4.4. Estimating the initiation of the MET process

The time from initiation to the diagnosis of MET can
be estimated [30]. If the MET process runs homo-
geneously over time, then the disease process, from the
initiation to the diagnosis of MET and on to death, is
less related to the biological variability in the tumour
and has more to do with a chronological chain of
events. Thus, if MET is detected shortly after tumour
diagnosis, even for small tumours, then it must have
been initiated long before the diagnosis. MET that is
found a long time after diagnosis must have been initi-
ated shortly before diagnosis. Based on this assumption,
the cumulative distribution of the MET-free time and
survival time, for patients who had MET and died,
provides evidence for the initiation of MET (Fig. 5).
The distribution of the empirical data shows evidence
for MET around 2 years before death (Table 1). The
start of the MET-free time distribution curve indicates a
jump between the number of M1 cases found at diag-
nosis and all other MET. The dotted line was equivalent
to the distribution of the time to death curve and pro-
vides evidence for a postponement of M1 detection, up
to 1.5 years.

If MET growth were homogeneous, the initiation of
MET could be described by shifting the distribution of
the MET-free time into the preclinical phase. The mag-
nitude of the potential shift should be estimated from
the time to metastasisation of pT1 tumours, where time
to metastasisation is most accurately assessed without a
lead time effect. Median time to MET in pTl tumours
was 2.9 years (35.3 months, Table 1). The minimum
time to MET was zero for the few M1 cases, the max-
imum time double the median, i.e. 5.8 years. Hypothe-
tically then, the empirically calculated cumulative
distribution curve for MET-free time can be moved 5.8
years before the diagnosis of the first metastases. Hence,

the earliest MET could have occurred 7.3 years (5.8 plus
1.5 years) before diagnosis and could have been diag-
nosed then as a very early M1 case. MET initiated just
before diagnosis would therefore be detected 5.8 years
after diagnosis of the primary tumour. Thus, in total,
the duration from initiation of MET to death would be
7.8 years (5.8 plus 2 years). Tumour diameter at diag-
nosis was related to the frequency of observed MET and
can be the observed retrospectively with the distribution
curve as a M1 case or prospectively as differing tumour-
free intervals. After diagnosis of the primary tumour,
the s-shape of the hypothetical curve indicates a slower
approach of the distribution curve to 100%. In parti-
cular, this asymmetry could point towards evidence for
secondary MET caused by LR which occurs after the
point of diagnosis.

4.5. Prognostic factors and proliferation speed

The important prognostic factor, pT category, was
correlated with an increasing MET rate and, in contrast,
only to a very small extent with the speed of growth.
What relationship is there between other prognostic
factors and growth? In our data, the survival time after
MET for G3 cases was a median of 5 months shorter
than for G2 cases (Fig. 6). Differences are also reported
between pN+ and pNO or ER+ and ER— [21,31,32].
Thus, varying speeds of growth exist, which have
already been shown to be a factor of 2 for the tumour
volume doubling time, for example [25,26].

This factor of 2 was also evident in the relationship
between the MET-free time and the survival time. Fig. 7
shows the survival curve following MET varying by
different tumour-free times. Between 0-24 months and
48 months and over, the median survival time varied
from 1.2 to 2.1 years, again only a factor of 2. The sur-
vival curve for M1, however, was similar to MET after a
48-month tumour-free interval, confirming that M1
cases were not a sub-group with particularly bad prog-
noses. The unexpected greater survival of M1 cases
could be due to the early detection of MET through
better perioperative diagnostics, although most Ml
detections are delayed.

How can this variability be interpreted? From the
homogeneity of the MET process, it seems obvious to
postulate, for all tumour sizes, a variability in growth by
a factor of 2. This can also be found in other analyses of
tumour growth [25]. Evidence of the plausibility of this
reasoning can be found in the scattergram of tumour-
free time and progression time (Fig. 8). This does not
show a relationship such that the shorter the tumour-
free time, the shorter the survival time after MET. Less
than 1% of the variance (R?) was explained by the slight
increase in survival time in the longer clinically metastases-
free time periods. In addition, survival times for M1 cases
showed a similar level of variability in this scattergram.



1802 J. Engel et al. | European Journal of Cancer 39 (2003) 17941806

Our hypothesis of an early MET initiation questions
the morphological and genetic correlation between the
primary tumour and MET, because the primary tumour
at the time of dissemination would have been much
smaller and probably had prognostically favourable
characteristics.

Would a wide range of growth velocity contradict our
hypothesis of an early initiation? An initiation of MET
up to 5.8 years before diagnosis seems plausible. Five
years would correspond to 10 duplications of tumour
volume. If the tumour at diagnosis has approximately
10° cells (1 cm), then the earliest dissemination could be
possible at approximately 10° cells. If large differences
in the growth velocity of the metastases exist, then
positive lymph nodes and MET with an unknown pri-
mary tumour should be more frequent, because the size
of the primary tumour would be below a detectable size
with approximately 107 cells.

Another question concerns MET in different organs.
Due to the long ‘incubation time’ of MET and the short
time interval between the detection of MET (at different
locations), a cascade-like MET process (one MET loca-
tion initiating the other) seems unlikely. This short time
interval between the detection of MET could explain the
limited progress that has been made in the treatment of
advanced breast cancers.

4.6. Local recurrence and the relationship between the
pT category and time before and after local recurrence

To discuss the long-term effect of adjuvant local
radiotherapy, which reduces the frequency of LR, four
different causes of LR should be highlighted. First,
positive margins are a known cause of recurrence, hence
recurrence that results from this serves as an indicator
of the quality of the surgical treatment [33,34]. The sec-
ond type of recurrence appears following breast-conser-
ving therapy of a multifocal tumour. A third established
cause of recurrence are subsequent ispilateral second
tumours [35,36] which, compared with the primary
tumour, occur much later and may sometimes have a
different histology and quadrant location [35,37-41]. A
fourth group, for which the causes remain unknown,
should also be mentioned, when there are negative
margins (R0), no risk factors for multifocality and when
the recurrence occurs soon after or near the primary
tumour. This ‘genuine’ recurrence—perhaps from
tumour cells in the extracellular matrix—is evident in
the first studies of breast conservation therapy, where a
recurrence rate of 40% in patients without radiotherapy
was reported [42,43]. Normally all four types of recur-
rence are documented as local recurrence.

The frequency of LR increased as the pT stage
increased (Table 1) [44]. Compared with survival after
diagnosis (Fig. 1), survival after LR was worse for all
pT categories. This emphasises the role of LR as an

indicator for metastasisation. In contrast to survival
after MET (Fig. 3), survival following LR appears to be
related to the pT category of the primary tumour, espe-
cially the pT1 and pT2 groups (Fig. 9) [45,46]. This also
emphasises that the LR growth process is not dependent
on metastasisation [17,41,47—49]. Mean time to LR also
appeared to be dependent on pT (Table 1). However, is
the decrease in recurrence-free time as the tumour dia-
meter increases a biological phenomenon? In contrast to
MET, the disease process for all genuine recurrences
with RO can be synchronised to the point of diagnosis,
thus all LR in contrast to MET must have tumour
removal as the starting point. If primary tumour growth
and MET growth are unrelated, the (removed) primary
tumour should also have no influence on the time period
of recurrent growth. This suggests that the dependence
of LR-free time on pT may merely be an artefact of
follow-up. Due to the poor prognosis of pT3-4 cases
and the associated shorter MET-free time, and thus
shorter survival, many patients with advanced disease
do not live long enough to present LR, compared with
pT1 patients [45]. In prognostically unfavourable
groups, there is, therefore, less late LR. The increasing
MET/LR ratio demonstrates this (Table 1).

It is important to note that, in addition to genuine
recurrences, as time goes by the chance of a newly
developed secondary ipsilateral tumour increases. The
risk of recurrence, thus, even after 5 years, does not fall,
as it does for MET cases.

As multivariate analyses from other studies [4,7,9]
and the MCR data confirm, LR is, above all, an indi-
cator of a poor prognosis; indicating a higher risk of
MET. Insufficient local control—despite RO resection—
is thus linked to a higher rate of MET, and dependent
on the pT category.

4.7. ‘Secondary’ metastasisation through local
recurrence

Does the indicator function of LR mean that LR can
not initiate MET [9,10,17,50,51]? The interpretation of
the MET process data form the basis on which to
unravel this question of secondary MET through LR. If
some of the tumour remains after operation, or a ‘sec-
ondary’ ipsilateral tumour develops, it has the potential
to metastasise again like a primary local tumour. Its
prognosis would, again, depend on the size of the LR
[7]-

Evidence of ‘secondary’ MET can be derived from the
following arguments concerning the disease process.
There are three sub-groups, either LR only which is not
an indicator of MET, MET only or MET and LR.
These three types of progression demonstrate very dif-
ferent properties from the primary tumour. The crucial
question is when does MET with LR and when does
MET without LR occur? LR stemming from larger
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tumours is more frequent and has thus a higher risk of
MET. Hence, the development of MET in the course of
MET and LR would be expected somewhat earlier in
large tumours.

For primary pT1 cases, the time to MET for patients
with both MET and LR was significantly longer, 55.9
months, than the time to MET of MET only cases, 38.3
months (Table 1). One can hypothesise that this average
value of 55.9 months consists of two groups, MET started
by the primary tumour (38.3 months) and MET initiated
by LR (86.2 months (38.3 +47.9 months)) (Fig. 10). For
the sub-group of patients with MET and LR, 37% of the
MET derived from LR and 63% from the primary
tumour. It is also assumed that LR-induced MET devel-
ops similarly to primary-induced MET. With, on aver-
age, 47.9 months before LR, 38.3 months before MET
and 25 months before death, excess mortality would still
be expected after 111.2 months, or 9.3 years after diag-
nosis of the primary tumour. That LR, especially after
breast-conserving therapy, can also occur with a com-
parable risk after 5 or 10 years [7], suggests that over
and above the 5.3 years (38.3 + 25 months) after LR, there
is a delayed excess mortality from ‘secondary’ MET.
Thus, a successful permanent reduction of LR increases
the survival benefit for 10 or more years after diagnosis.

Another way to describe the relevance of this finding
is to estimate the number of cases needed to show a
difference in survival of 2.4% in 10 years. With a survi-
val rate of 80%, more than 3000 patients per group
(with and without LR) would be required. This is the
reason why studies to prove such results are so difficult.
The risk of secondary metastasis is small and therefore
it is only possible to estimate it with a large sample size.
This small effect on survival can be seen in Peto’s paper,
where almost 20000 women (19 582) were included [52].
In Fisher’s paper [53] for example ‘only’ 2163 women were
randomised in three treatment groups. A total of 51 loco-
regional events occurred versus 111 versus 87. This sample
size is too small to show an additional risk by local recur-
rence for secondary metastasisation.

4.8. Implications for practice and research

The data we have presented describe a model of
metastasisation. Such a model is more valuable, the
more it explains and raises new questions. Our MET
model, based on empirical data, further confirms the
well known equal value of the two primary treatments
for breast cancer [53,54]. Breast-conserving therapy and
mastectomy have virtually the same influence on survi-
val, if the tumour is removed and further MET devel-
opment prevented. In addition, outcome-improvements
cannot be expected by establishing breast centres.

Our MET model also provides a plausible interpreta-
tion of the well known studies of irradiation at the site
of the primary tumour after mastectomy to prevent

further LR and with it the risk of MET. Recurrence
after mastectomy has the same risk as that after breast-
conserving therapy. With up to 20 years of follow-up,
these studies show an increasing survival benefit from
local irradiation. Optimal local therapy is thus crucial
[46]. With very high LR rates of approximately 30%, a
6—7% survival benefit may be attributed to the reduc-
tion in LR [52]. Speculation about a systemic effect of
local irradiation, therefore, seems redundant [2,43,55,56].
However, it is not clear, because the studies involve
irradiation to both the chest wall and lymph nodes,
whether the chest wall is sufficient or whether the whole
area must be treated [57]. The use of adjuvant radio-
therapy for LN recurrence does not fit our MET model
[58-60]. LN recurrence develops from cells that have
already spread and are systemically established. Fur-
thermore, it should be noted that positive lymph nodes
may be left despite axilla dissection. Some studies show
up to 30% positive lymph nodes in level III (including
skip metastases) [61,62]. Even after axillary lymph node
dissection for levels I and II, where 10-20 lymph nodes
have been removed, positive lymph nodes remain in
levels I and II. Lymph nodes of the mammaria interna
also remain. If axillary radiation (level III inclusive) is
comparable with operative axillary dissection (level III
exclusive) the effectiveness of both procedures must be
questioned. The 25-year follow-up study of the National
Surgical Adjuvant Breast Project (NSABP) shows equal
survival between axillary dissection and abandonment
of axillary dissection [63]. Logically then, it would seem
justifiable to cease LN irradiation and LN dissection,
which remained when the radicality of the operation
was revised [64]. It would also greatly improve patients’
quality of life [65,66]. The sentinel concept is a first step
in this direction, but not a change of the paradigm.

The differences in the first studies in the 1980s on
lymph node dissection, with or without radiotherapy,
can also be clarified. All control arms without irradia-
tion showed LR rates increasing to 40% and increased
MET [42]. The increased mortality in the group that
was not irradiated was a small effect that could not be
substantiated with such a small sample size, when the
number of cardiac deaths from the radiation techniques
at that time were high and the observation time (under
10 years) limited [43,67].

The studies of adjuvant therapy with tamoxifen pro-
vide further examples to support our model [68-70].
Since tamoxifen reduces the rate of LR—the survival
curve of the control group indicates a higher LR risk—
the increasing excess mortality can be explained.
Radiotherapy and systemic therapies both reduce LR,
and are so similarly effective compared with the control
group that it has already been suggested that radio-
therapy could replace hormonal therapy [71]. Although
systemic therapy and radiotherapy operate in different
ways, they both reduce the incidence of MET [17,72].
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The MET model also acknowledges the equal value of
expensive machine and symptom-oriented aftercare [73].
Since the MET process may already have begun before
diagnosis, it cannot be prevented by local and adjuvant
primary therapy. The use of tumour markers, therefore,
makes little sense. Regular mammography screening in
the recovery period to detect LR early is more impor-
tant since the potential for MET increases with the size
of the LR [7,74].

The implications for screening are also obvious. Our
calculations indicate that screening every 3 years may be
insufficient. However, as shown empirically, mortality
can effectively be lowered with at least a 2-year interval.
If an early detection programme discovers, on average,
15-mm tumours, then mortality would be around 5%
higher than if early detection could spot 10-mm
tumours.

Shifting the timing of the primary operation is also
related to tumour growth [75,76]. A 10-mm tumour can
double in volume in 4 months (120 days) making a 12.6-
mm diameter tumour. In this time, further MET may be
initiated in 2.6% of those concerned (1% /mm). Such an
effect would only be evident with a large patient sample.
In a 20-mm tumour, a 4-month delay in treatment could
result in a 5% increase in mortality. Immediate oper-
ation of large tumours can save lives. Waiting for LR as
an indicator to start systemic therapy may cause
additional deaths [77].

Some limitations can be found in the proposed simple
MET model. The MET model does not provide any
explanation for the different adjuvant therapy out-
comes, evident in the survival curves, which show worse
survival in the control groups, practically from the start
of the studies [2,78-80]. Such a level of effectiveness
would mean that both already initiated individual
tumour cells, which lead to MET after a long tumour-
free interval, and MET approximated at the diagnostic
threshold, would respond to therapy. Such partial
effectiveness would then also be apparent in M1 cases as
well as testicular tumours treated with cisplatin. How-
ever, the MET model also highlights the limited effec-
tiveness of systemic therapies, which are not as
successful at treating definite MET as cisplatin for tes-
ticular tumours. If a therapeutic window for tumour
cells were proposed [81,82], in which effective treatment
is possible, then the survival curves would only move
apart slowly after a longer identical period. This early
divergence would also be associated with a large var-
iance in tumour growth, which the empirical data for
breast cancer do not indicate.

5. Concluding remarks

First of all, it should be noted that our MET model
can also be applied to other solid tumours. Secondly,

the value of a large patient sample, with clinical data
and long follow-up that can be achieved in a tumour
registry, has been demonstrated. Thirdly, it is clearly
important to consider the evidence and its implications,
from studies as well as empirical findings, and to work
out the pros and cons of possible models. It is clear that
breast cancer may already be a systemic illness, at the
point of diagnosis, for most of the female patients who
develop MET today. Only for the sub-group whose
primary local disease later develops into LR, can the
MET be caused by LR only. Thus, LR appears to be
both an indicator and a cause of MET. Our MET model
indicates a process that is difficult to influence with
treatment, it justifies optimal local therapy, but shows
the limitations of systemic therapy. It also supports the
cessation of axilla dissection and irradiation. Finally,
the MET model underlines, in contrast to the Cochrane
review [83], the possibility of avoiding deaths by moving
the diagnosis forward and by establishing systematic early
detection with tumour diameter as the target criterion.
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