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Abstract Distant metastases (MET) are for most solid
cancers decisive life-threatening events. Data about MET-
free survival and survival after MET show a strong
dependency on the kind of cancer and the prognostic
features. Nonetheless, within biological subgroups, the
MET process is very homogenous. Therefore, the growth
rate can be estimated from initiation of MET to MET
diagnosis and to time of death. Based on the known volume
doubling time of breast cancer, the time of the first possible
dissemination can also be estimated. Important consequen-
ces of these MET-initiation estimates are the hypotheses
that almost all MET are initiated before removal of the
primary tumor and that MET do not metastasize in a
clinically relevant magnitude. Although breast cancer data
were primarily used to form these hypotheses, the discussed
MET process can be generalized to all solid cancers. The
impact of these hypotheses on diagnostic, curative and
palliative treatment, aftercare, and especially on clinical
research would be important.
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1 Introduction

Distant metastasization (MET) is for most solid tumors the
decisive, life-threatening event. The multistage MET
process assumes increasing complexity. Tumor cells (TC)
must escape from the primary tumor (PT), must invade and
survive in the circulation, arrive in a distant organ, survive
in the new environment, and must persistently grow [1, 2].
In this review, it is our goal to describe the distant MET
process, from the time of initiation of MET, the growth rate
up to MET diagnosis, and the sequence of MET locations.
Patient survival after MET will be presented from the
Munich Cancer Registry [3], especially for breast cancer
(BC). Approximately 33,000 BC patients wete registered
since 1988 from a current recruitment area of 4.5 Mio
inhabitants [4]. The availability of death certificates and of
progressive events allows a detailed description of the
course of disease. BC is most suitable for a quantitative
description because the tumor diameter is available as a
continuous variable in millimeters, which can be correlated
with the growth rate of the PT and with regional and distant
progressions. Additionally, BC does not grow through
different morphological structures in comparison, for
example, to colorectal cancer. The focus on BC simplifies
this review and the interpretation of the data. Nonetheless,
comparable data are available for all frequent tumors
because the pathogenetic process seems to be identical for
all cancers [5, 6]. Despite the increasing complexity of
MET and the resulting individualization of treatment, we
present an uncomplicated MET model with two very simple
hypotheses (Fig. 1 H1): First, all MET are initiated before
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the removal of the PT and second, as a corollary, MET do
not metastasize [7, 8]

2 Survival

The frequency of MET and, therefore, survival depend
upon prognostic factors like pT according to the TNM
classification [9] and the number of positive lymph nodes
(pLN), the most important classical factor (Fig. 2) [10].
Regarding tumor size, Fig. 2a suggests that a PT gains
increasing neoplastic potency with each TC doubling.
Figure 2b shows the dependency of survival on the number
of pLN and is illustrative of more of a stable process. In
reality, the percentage of a positive LN status (pN+) and the
10-year tumor-related mortality (the complement of the
relative survival as an estimation for the disease-specific
survival [11]) are both linear and dependent on the tumor
thickness with a similar slope (mortality in%=—-2.44+1.21x
d, pN+in%=11.9+1.22xd (d, diameter in millimeter)). With
every millimeter increase of the BC diameter, the mortality
increases about 1.2%. This is a suitable approximation for the
interval between 7.5 and 47.5 mm, with 5-mm incremental
steps [12]. The dependency beyond this interval is of course
S-shaped. Quite a different approach is based on a Poisson
process, with millions of disseminated tumor cells of the PT
and only few initiated foci, which achieves comparable result
in this reduced diameter interval of 7.5-47.5 mm [13]. Is
there evidence for such a deterministic model?
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3 Survival after MET

Clinical data support this deterministic model. Patient
survival after metastasization is depicted in Fig. 3.
Following MET, the survival curves, regardless of the
prognostic factor, show little variability in comparison to
Fig. 2. The survival time is largely independent of the PT
prognostic factors, such as tumor diameter (Fig. 3a). Even
the MET-free interval, which is repeatedly interpreted as a
measure of growth rate, has little influence on survival
time (Fig. 3b). The remaining variability is in part
dependent on clinicopathological features (Fig. 3c) [14,
15]. The dependency of survival on pT and the number of
pLN (Fig. 2) are convincing. This dependency after MET
nearly disappears (Fig. 3a—c). In the subgroup with
negative receptor status, not even an influence of the most
important prognostic factor (pLN) for BC is observable
(Fig. 3d). Therefore, the disseminated TC, the seed which
causes MET, is stable for small-sized BC with a 10-year
survival >90%, and for large BC, less than 30%. This can
already be concluded from the linear dependency of
survival on PT diameter. Nevertheless, the seed stability
is noteworthy because growing PTs show dramatic
changes over time [16]. Perhaps, the stem cell concept
explains this contradiction [17, 18]. In summary, an
important fact is that the growth rate of MET after
detection is quite homogeneous, i.e., it varies maximally
by twofold between biological subgroups and in no case
by five- or tenfold.
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4 Timeline of metastasization

A MET which begins with a single TC or a cluster of TCs
can be detected at a size of 5 mm or about 1.5 x 10® TCs, and
can achieve some 10'2 TCs in the remaining survival time
of about 2 years. This is outlined in Fig. 4. About 3/4 of
MET growth, considered as volume doublings (VD), occurs
before MET detection, and 1/4 afterwards. It is plausible
that tumor growth up to MET has the same marginal

years

variability as afterwards. However, this assumption does
not imply that volume doubling time (VDT) is constant
after the first MET cell doubling, as shown in Fig. 4. The
development of MET must follow a Gompertzian growth
with a potent exponential regression as known from the VD
of liver or lung MET foci with different sizes [19, 20]. The
growth of MET is also dependent on cancer type and the
involved distant organ. A discontinuous growth e.g. with a
balanced phase of division and apoptosis is possible but
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without influence on the widely homogeneous variability of
the growth rate up to the detection of MET. The next
important question is the temporal relation between
initiation and detection of MET and the diagnosis of PT.

5 Time to metastasization

It may be misleading to characterize MET based on the time
differential between pT and MET diagnosis. The time of PT

Fig. 3 Breast cancer: survival
after the first metastasization in

diagnosis depends partly on methods of early detection and
therefore, slides along the timeline for courses of disease with
MET. This is illustrated in Fig. 4 with the well-known fact that
a PT can indirectly appear only when the initiated MET
occurs as cancer of unknown primary (Fig. 4 (1)), as primary
Ml (2), or with primary MO and tumor size-dependent
intervals up to MET (3). Figure 4 (4-5) illustrates also the
question of whether a MET can be initiated shortly before the
PT diagnosis (4.1), during PT treatment (4), or even after the
removal of the PT (5). The additional two time scales of the
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Fig. 3 (continued)
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MET, based on either the number of VD or the TC, beg the
question about the growth rate of PT and MET if both are
simultaneously detected with comparable sizes. The PT
process depicted at the bottom of Fig. 4 illustrates an
individual course of disease. The dotted arrow left of circle
2 points to the first TC division, the tiny circle marks a very
early MET initiation, perhaps at a PT size of 10° TC. After
years, a concurrent detection of PT and its MET may occur. It
is consequential that a PT cannot originate simultaneously or
after initiation of its MET and therefore, the VD of MET
must be shorter than that of PT. What is needed first are data

for the synchronization of the two timescales and growth
rates for PT and MET.

6 Lead time effects

Figure 4 (2-5) describes, along with the sizes of PT, the
knowledge that a primary MET is normally more frequent in
large BCs, while long MET-free survival times can be
observed in small BC. Because of increasingly early
detection, PT can be detected closer towards MET initiation.
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This produces a lead time effect and is illustrated in Fig. 5
with the cumulative distribution of time to MET. The time is
stratified according to pT category. The step at time zero
shows the percentage of primary M1 findings within each
subgroup of MET patients. The dotted line suggests the
distribution of delayed versus advanced detection of primary
M1 findings. Particularly, the pT4 subgroup demonstrates,
for one, that more than 50% are M1 findings, and secondly,
that the fraction of delayed detection, or rather a long
asymptomatic growth of MET, seems to prevail.

We can combine the stratified data from Fig. 5 with the
concept from Fig. 4, showing that MET growth is

Fig. 5 Cumulative distribution %
of the MET-free survival time of

comparable for pT1 and pT4 tumors, to create the schematic
in Fig. 6. The course of diseases for pT1, pT2, and pT4 is
synchronized onto an identical MET growth timeline with
the sequential occurrences of MET initiation, diagnosis of
PT, diagnosis of MET, and death. This illustration demon-
strates that, with the delayed detection of a PT, continuously
more MET are initiated and are simultaneously diagnosed
with the PT. For a pT2 PT, we observe about 4.2% primary
M1, approximately 45.7% MET in 15 years, and a median
time to MET for primary MO cases of 2.9 years. If the PT is
detected as pT1, the corresponding figures are 1.4% for M1,
20.5%, and 3.8 years. Reservations about Fig. 6 are
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Fig. 6 Characteristics of the breast cancer distant metastasization
(MET) process according to pT category: The identical time scale
represents the homogeneous MET process with varying detection of
PT. According to MCR data for pTl, the 15 year tumor-specific
mortality is 20.6% within which 1.5% are already primary MI
findings. Due to early detection improvements, the MET free survival

reasonable if the decreasing MET-free intervals suggest the
idea of tumor aggressiveness, growing MET potential of a
PT, or increasing cancer-like characteristics, instead of a
homogencous early acquisition of MET tendency.

7 MET on timeline of PT

Figure 6 depicts an important corollary of the lead time
effect. Cancer-related death adds up to 20.5% for pT1 and
to 45.7% for pT2. From this, it follows that the difference,
25.2% of MET, will be initiated during the growth from
pT1 to pT2. The linear relationship between PT size and
MET and the known VDT for BC cnable a more precise
calculation of MET initiation. The VDT has been shown to
have a mean of 157 days for women aged 50-70 [21, 22].
From this, it follows that a PT with a diameter of 30 mm
has doubled the volume in 157 days and reached a
diameter of about 38 mm. Therefore, after some 20 days,
a diameter of 31 mm has been reached, and if therapy is
delayed by 20 days, new MET will have been initiated in
1.2% of the patients [23]. In the case of a 10-mm PT, an
additional 1.2% of newly initiated MET would occur after
a 2-month delay in treatment. In principle, every day, a
growing PT can initiate its first MET up to the very day of
its removal.

time is 3.8. The two percentages (25.2%/27.9%) between pTI and pT2
and pT3 describe the increase of MET and therefore, the additional
MET initiation during the growth of PT from pT/ to pT3-4. A
synchronization on the diagnosis of PT reflects the known view: tiny
PT, low MET and long MET-free survival and large PT, frequent MET
and a short MET-free survival

The consideration of the time scale for the PT process
improves our understanding of the time of initiation and the
duration of MET. In about 1% of BC patients with 5-mm
tumors, there are primary M1 findings (2 of Fig. 4). Such
early MET must be initiated years before the detection of
the BC. Assuming minimal variation in the MET growth,
this unknown duration of MET growth time in M1 findings
must be comparable with the MET-free survival time in
patients where initiation of MET occurs just before PT
removal (4.1 of Fig. 4 ). This poses the question for an
estimation of the growth time of MET.

8 Growth of distant metastases

An estimation of MET growth time is possible if we know the
time of MET initiation and of MET detection. Clinical data
provide this information. In addition, we need information
about the variation of growth time that is dependent on
biological characteristics, e.g., for receptor negative or
positive BC (Fig. 3c). According to what is known, no
evidence exists for a distribution with a tenfold variation or
more between minimal and maximal growth rates. Consid-
ering this, Fig. 5 allows an additional interpretation. The time
distributions are almost identically shaped which is more
easily seen without the primary M1 cases. The translation
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between the curves describes, as previously mentioned, the
magnitude of the lead time effect. Again, the conformity of
the distributions demonstrates the homogeneity of the MET
process. Due to the small variability of MET growth, the
growth time can be directly read from Fig. 5. The MET
initiation around label 1 has occurred very early in the
history of the PT. Therefore, most of them appear as primary
M1 cases. However, the cases around label 3 must be
initiated just before the removal of the PT, and therefore,
demonstrates the time required for MET growth [24].

The median MET-free time (label 2) is not influenced by
outliers. The patients with a pT1 PT have half of the MET
growth time after and half before the detection of the PT,
each about 3.5 years. This is a total of 7.0 years and
together with a survival time of 2.4 years after MET for
pTl1 (Fig. 3a). This results in approximately 9.4 years from
MET initiation to death. If we consider the prolonged tumor
growth before and after MET in Fig. 3b, also late events
after ten and more years can be explained. For receptor-
negative BC with a twofold VDT, 5 years could be assumed
(Fig. 3d). With this reasoning, we can explain more than
90-95% of the courses of disease in BC without auxiliary
and complex hypotheses such as dormancy with a
temporary growth stop or even with recirculation [25].
Comparable interpretations for colorectal, gastric, or lung
cancers can also explain nearly 100% of the cases with
MET. An important conclusion results for the VDT of the
MET. If we assume a MET foci of 16 mm with about 4x
10° TC, or 32 VD, then we get a VDT of about 80 days for
MET or twice the growth rate of a PT in 157 days.

9 MET initiation relative to PT

These MET growth rate estimations now provides the
necessary information to connect the timescales of PT and
MET. If we assume a 7.0-year growth time from MET
initiation up to MET detection, then it follows that the MET of
a pT1 tumor with primary M1 was initiated 7.0 years before
the detection of the PT. A 16-mm PT has about 4x10° TC and
needed about 32 VD, and as previously stated, one VD
requires about 157 days [21, 22]. Therefore, the PT has
accomplished 16.3 VD in 7.0 years. This synchronization of
the two time scales results in a first initiation of MET by the
PT after 16 VD with about 2'° or about 66,000 TC.

These are estimations based on clinical data which largely
apply to MET because we know the time of MET initiation
(label 3 of Fig. 5). However, for PT, we do not know the
VDT of a micro-sized PT, especially before the angiogenic
switch [26]. Perhaps, PT and MET share a common early
developmental process. This consideration implies that the
first MET can be initiated very early up until the RO
resection, most likely when a PT has between 10° and 10°
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TCs or a diameter of 200-1,000 um. Therefore, MET is a
very early event in cancer progression [27]. This very early
initiation of MET poses the obvious question of whether
very late MET initiations are also possible, for example,
during or even after the removal of the PT (4-5 of Fig. 4).

10 No MET during or after removal of the primary tumor

Tt is risky to hypothesize that MET initiation cannot occur
after RO resection. This implies that the migration time of
TCs to regional or distant organs is very short and may be
measured in hours rather than in days. At first glance, this is
a contradiction to the detection of TC in blood and bone
marrow years after the removal of the PT [28-30].
However, a delayed activation of TCs out of such niches
with subsequent MET initiation has not been observed,
only hypothesized [31, 32]. The initiation of MET through
TCs transferred with an organ transplant is a special case
and apparently not clinically relevant [33]. Moreover,
delayed activation is not plausible because it has to be
assumed that millions of TCs are disseminated by the PT
that remain viable and yet few of these cause MET. It is
nearly impossible that these disseminated TCs migrate,
during a great space of time, with information about the
duration of a clinically relevant dormancy phase which is
dependent on the time of removal. Equally improbable is a
highly sophisticated communication between millions of
TCs disseminated over the years that remain viable in
blood, bone marrow, and distant organs [30, 34, 35], and
their orchestration up to or by the removal of a pT1c/pT2
PT with about 30%/50% MET within 18 years (Fig. 2a). In
addition, no excessive risk of MET has been observed due to
the surgical removal of the PT [36]. Therefore, even the
dormancy hypothesis that TC can recirculate from an interim
storage after a long delay [37] can be questioned in solid
tumors. Clearly, RO resection stops further MET initiation.
However, in those patients whose tumors will metastasize
during the course of the discase, the initiation of MET has
already occurred before diagnosis and removal of PT [38, 39].

11 Efficient migration process

This last conclusion leads to an astonishing consequence. The
MET process is inefficient [40] if we consider that only few
initiated MET foci result from millions of disseminated TCs
[41]. This is compatible with the short lifetime of TCs in the
blood [28]. With this understanding, more than 90% of MET
that occur up to 10 years after diagnosis of BC can be
explained without interim storages in blood, bone marrow, or
distant organs, and nearly 100% for other frequent tumors.
Therefore, a very efficient migration process to a distant
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organ, survival in the new environment, and perhaps a
delayed growth of disseminated TCs have to be assumed for
posteriori successfully established MET. There are two
alternative explanations for this gigantic difference between
numbers of initiated foci and disseminated TC. Either TCs
are very heterogeneous, and, to be a successful seed, a TC
must be comparable to a decathlon champion [2] or, more
probably, TCs are “stable seeds” only as a consequence of
the successful interaction between seed and the distant organ
microenvironment, a factor which is the Achilles’ heel of the
insufficient MET process. Cell division and apoptosis are
decentralized affairs. However, the fact that gene expression
analyses of the PT can predict MET, independent of the LN
status, provides evidence that a PT must be genetically
predisposed for a successful MET process [42—5].

multilocular MET
37.0
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38.9
29.8
38.8

Median time to

=7,858
60.0
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12 MET progression pattern

Uni-+multilocular
n

Up to now, we have considered MET-free survival time
independent of the organ involved. Further aspects of the
MET process can be gleaned from the MET progression
pattern. Table 1 shows the MET distribution for primary
M1 versus MO findings; unilocular and multilocular MET
are shown for frequently occurring MET. Cancer registries
receive these data if they are integrated within the health
care network, and MET-related symptoms are treated.
About 42% of the M1 findings are detected in at least
two organs and 28% after MO0. This supports the previously
mentioned advances in MET detection through staging
diagnostics and the improved prognosis of primary M1
tumors (Fig. 3b). Most often, the disease course begins with
bone MET, alone or in any combination with other
locations [46]. MET in other organs appears thereafter,
normally within short time intervals, too short for a
cascade-like initiation with the afore-estimated VD for
MET (Fig. | H2). The pattern of MET progression also
depends on the characteristics of the seed. Table |
combines very different MET patterns for estrogen-
receptor positive and negative BC, which mostly differ in
bone and CNS MET progression patterns. Such a depen-
dency on the seed is well known if we consider for
example, adenocarcinomas of the breast, colon, kidney, or
lung and their very different growth times, or the affinity of
small cell lung cancer with CNS and adrenal gland MET.
Nonetheless, the multistage MET process is not influenced
by the velocity of PT and MET growth.
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6.6
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100

448
18.4
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69.4
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14.2
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Primary M1
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13 Clonal origin of metastases

It has long been known that MET foci are initiated from
different TCs [47, 48]. The MET progression pattern

The patterns are shown for primary unilocular MET (total 100%), all MET at the beginning (uni-+mulitilocular, total e.g.142%: nearly 42% with two or more MET organs) or during the whole

course of disease. In the last column, the median times up to the detection of the MET after primary MO are shown

Distant LN
Skin
Others
Total

Table 1 Distributions of frequent MET locations for breast cancer with primary M1 and after a MET-free interval (primary M0)

MET-localization

Bone
Lung
Liver
CNS
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considered together with a VDT of about 80 days provides
with delivers the same message. Furthermore, the spatial
distribution of the foci e.g. in different segments of liver or
lung, or the synchronous detection of MET in different
organs supports the initiation of MET by different TCs.
Also, the time differences between metachronous MET are
too short in comparison with the estimated VDT of MET
for a sequential dissemination. The size of different foci and
their sequential appearance in one organ is the reflection of
the clonal and sequential origin of each MET foci. In
addition, the observed difference in responses of multiple
foci to systemic treatment supports the idea of seed
heterogeneity. This influence may not be relevant in the
complex MET process until anchoring in a distant organ
occurs, Parallel MET initiations are implicit to this proposal
[49], while a cascade-like MET initiation is excluded [50].

14 The special case: CNS metastases

The uniqueness of CNS MET has to be mentioned. Survival
after CNS MET is known to be very short. About 50% of
patients with CNS MET die within 6 months after MET
detection. At first CNS MET, with such a short survival
expectancy, contradicts our reasoning and the hypothesis of
MET initiation before RO resection. The conflict arises due to
the assumption of a continuous development of MET, with a
quarter of the growth occurring after, and % before the
detection of a MET. Additionally, the appearance of CNS
MET generally occurs after three or more years of follow-up.
The existence of vital yet non-dividing TC could provide an
answer which bridges longer time intervals without tumor
growth [51]. This hypothesis is plausible. An adjuvant
prophylactic CNS irradiation for small cell lung cancer
provides better local control of CNS MET. Also, a whole-
brain irradiation after radiosurgical removal of smaller CNS
foci is advantageous [52, 53]. This better CNS control can be
explained by the existence of radiosensitive isolated TC or
clusters and by a very asymmetric CNS MET growth.

Actually, the CNS MET process and response to treatment
supports the hypothesized early initiation of MET along with
the assumption that MET will most likely be stopped in the
distant organ shortly after TCD, rather than as TC in isolated
niches which are belicved to be less accessible to adjuvant
treatment [5, 54, 55]. This would also be supported by
survival curves which would have to open like scissors after
7 years if adjuvant treatment were able to control ITC in
niches or blood, yet such results do not exist. We observe the
opening to occur after 2-3 years which supports the
elimination of micro MET by adjuvant therapy [56, 57]. It
is possible that an angiogenic switch provides the limit, up to
which curative interventions are possible [26]. Our estimated
VDT agrees with these observations.

4\ Springer

15 Metastases do not metastasize

Many arguments are available to support the hypothesis that
an established MET cannot further disseminate. This applies
to all distant foci as well as to pLN. A MET initiation by
remaining pLN after RO removal of PT can be excluded based
solely on the nearly linear increase of survival with the
mumber of pLN (Fig. 2b). Additionally, a multiplicity of
randomized trials has supported this hypothesis [58-61].
The observed spatial and temporal distribution of distant
MET already excludes the possibility of a cascade-like
dispersion. Liver MET can have a volume more than five
hundredfold larger than the PT. However, this tumor mass,
founded by a single TC that was a successful seed in the liver,
is unable to generate satellite foci in the surrounding tissue
(Fig. 1 H2). These are the foci distant from the removed ones,
or in other organs which limit the benefit of MET surgery.
Because MET do not metastasize, MET surgery offers a
chance for selected patients [62]. The generalization for all
solid tumors and for all foci, true local recurrences, pLN, and
distant organs has great relevance for this hypothesis (Fig. 1
H1). Even pLNs which are regional, for example in lung
MET, are not in conflict with this hypothesis. It has been
known for a long time that migrating TCs can traverse the
interstitial space, extravascularly, invade the lymphatics, and
follow the same course as TC which were initially dissem-
inated via the lymphatics [63]. Therefore, clinical data do not
provide any indication that a cascade-like initiation could be a
relevant clinical problem, even if, of course, a reactivation of
TC motility cannot be excluded if pluripotent stem cells
already can be generated from fibroblasts [64]. With this
reservation, the ultimate abstraction follows: true local,
regional and distant MET do not metastasize (Fig. 1 Hl).

16 MET model

Figure 7 presents a synopsis of the discussed MET process.
First, the clinical view shows the development of a PT with
a growth of up to about 1 ¢cm, or 10° TC. At this size, the
PT will be detected and removed. The risk of MET
increases up to the RO resection and is depicted by the
horizontal arrows, 25.2% MET risk for PT at stage pT1 to
pT2 versus 27.9% for >pT2. The dotted horizontal lines
indicate the parallel development of MET with the early
initiation, the growth, the time of detection of possible
MET, and the cause of death. For BC with 10° TCs, the
probability of MET is about 10% (Fig. 2a (pT1b)). Six
altemative MET events are outlined in Fig. 7.

If a successful TCD occurs very early, the initiated MET
may grow autonomously and in parallel to the PT.
Therefore, the first variant in the course of discase is the
diagnosis of primary M1 (1 of Fig. 7). Because PT and
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Fig. 7 Clinical view on meta-
stasization during the course of

disease: possible distant
metastasization (MET) initiation,
growth time, and detection are
depicted. The first MET is
hypothesized to be initiated by
tumor cell dissemination, when
the PT attains a diameter of 1
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MET are perhaps largely autonomous processes and MET
has a twofold VDT, it can get ahead of the PT and become a
carcinoma of unknown primary (CUP; 1 of Fig. 7). The PT
can, if sufficient survival time remains, be discovered later.
This is considerable even with regressing or temporarily
stationary PT [65]. The increased incidence caused by
screening or hormone substitution in BC is perhaps only
explainable with this explanation of CUP [66].

Primary M1 is the earliest possible MET initiation in about
1.5% of the pT1 BC subgroup. The third extreme variant is a
MET initiation just before the removal of the PT with
subsequently a very long MET-free survival (3 of Fig. 7).
The normal course of MET disease is a primary MO finding,
with about 20% MET initiations occurring over the whole time
interval up to the removal of the PT (4 of Fig. 7). Number 5 of
Fig. 7 represents sequentially initiated MET foci in multiple
organs. A concurrent initiation of the MET in different organs
is implausible, the pattem reflects anatomical aspects, charac-
teristics of each seed TC, and the duration of a successful
TCD {1, 2, 67]. Finally, number 6 of Fig. 7 illustrates
multifocal MET in one organ. Size of the foci and location
support a sequential initiation by different TCs, which has
been known since decades [47]. Modemn in vivo magnetic
resonance imaging and videomicroscopy have allowed track-
ing of solitary TC and the development of MET and provide
increasing evidence for this model [34, 35, 68, 69].

17 Future prospects

Although the proposed model is uncomplicated, in view of
the philosophy of science, it explains many observations,

in part by logical conclusions from a tremendous volume
of empirical data. However, the model seems to contradict
what we know of the complexity and diversity of BC
pathogenesis. This model of MET initiation agrees with
our understanding of cancer induction. We know that after
the doubling of the first TC, further growth is independent
of the cause of initiation which may have occurred among
others by radiation, viruses, chemicals, or genes. The
holistic description leads in almost the same manner to a
uniform MET process, although the reductionist’s genetic
approach to the mind-boggling complexity and magnitude
of signaling pathways rejects such a simplification.
Nonetheless, merely the complexity of the MET process
alone is an argument for the hypothesis, because the
complexity cannot have been evolutionarily developed
differentially for each of our arbitrarily classified hundred
or more solid cancers. Furthermore, the generalization can
be shown with comparable data for all cancers. The
dysregulation of important pathways relevant for tissue
generation and organ repair likely produces the diversity
observed among cancers [70]. The hypothesis that distant
MET do not metastasize is astonishing and can be
explained by the suggestion that TCs can “‘go and grow”
only once, even though the biological reason for this is not
understood (up to now).

Models are important if they can explain and challenge
observations and therefore rearrange research priorities
through refutable hypotheses. The benefits of screening, as
well as the chances and limits of adjuvant and palliative
treatments, can be argued with this model. The limits of post-
treatment care or quality assessment due to early MET
initiation should be thoroughly considered. The necessary
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discussion of these far-reaching aspects exceeds the limits of
this paper. Nevertheless, the discussion of alternative hypoth-
eses and resulting research directions would be enlightening
with perhaps a reconsidering of clinical research priorities.
Finally, the importance of cancer registries must be men-
tioned. It is a challenge to analyze, compare, and interpret the
data of so many different cancers. Yet, the accomplishment of
such allows for cancer registries to become an important
infrastructure for quality assessment and for support of clinical
research and the health care of cancer patients.
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