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lodges, in niches or in specific organs, how
long a tumor cell circulates before settling and
establishing a focus, or whether the tumor cell
has differential growth or even cell quiescence
phases, determined by a dynamic equilibrium
of divisions and apoptosis, could all contribute
to the differential occurrence of MET. MET
detection may also be delayed by adjuvant
treatment, and all causal variants can be func-
tionally equivalent, delay MET diagnosis, and
appear as a slow growing tumor. But time of
initiation and the growth of tiny foci are inac-
cessible and impossible to measure in humans.
Therefore, the term tumor dormancy conceals
our ignorance of the multi-step MET process.
Because it is such a cloudy and elusive term it
cannot be clinically relevant. It is a hypothetical
construct that fails to offer new research per-
spectives, additional prognostic factors or an
opportunity for novel therapy.
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Introduction

Tumor progression after an above-average, long,
metastasis-free survival can be observed in all
solid tumors. In many publications frequencies,
characteristics, and survival of intact or frag-
mented tumor cells (TC) in blood, bone marrow,
lymph nodes (LN) and organs are described.
These facts are correlated with progressions and
should show the relevance of dormant TC for late
metastases (MET) (Meng et al. 2004; Naumov
etal. 2002; Uhr and Pantel 201 1; Weinberg 2008).
The observation of a bimodal distribution of the
MET-free survival time in breast cancer (BC) in
one cohort study was already interpreted in 1990
as a result of a rest period of disseminated TC
before growing up to adetectable MET (Demicheli
et al. 2010). Since then, longer MET-free survival
times for BC, e.g. beyond 5 years, are connected
today with the term “TC dormancy” (Aguirre-
Ghiso 2007).
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In the following pages we describe, with the
results of experimental and clinical studies, and
with data from a cancer registry, the growth of
secondary foci with MET-free, post-MET and
overall survival. The Munich Cancer Registry
(MCR) collects data about local, regional and
distant relapses during the course of disease as
important outcome criteria (Munich Cancer
Registry). We present population-based data from
patients who were registered from 1988 to 2009,
did not have earlier or synchronous second malig-
nancies and were followed-up during this period.
It is important to note that the data about the
courses of disease are not complete and therefore
the percentage of primary MET of all cancer-related
death is slightly overestimated. Additionally, MET
is diagnosed during the course of disease if symp-
toms require clarification or a palliative chance
exists. Therefore, any MET pattern is a selected
perspective. Nevertheless, population-based data
can add generally valuable aspects to the alterna-
tive view of heavily selected study cohorts.

Correlations of MET relapses with prognostic
factors of the primary tumor (PT) reveal growth
differences and an order of late progressions.
Well known survival curves with adjuvant treat-
ments describe further aspects of the MET pro-
cess. Nonetheless, such aregistry-based viewpoint
does not contribute new results. Only additional
facts can be considered and supplemental ques-
tions arise with our attempt to align known clini-
cal outcomes with the hypothesis of dormant TC.
But we have not been able to achieve this: there-
fore the current clinical relevance of the term
tumor dormancy has to be questioned.

Basic Characteristics of the MET Process

Generally, MET is a secondary focus established
by a disseminated TC of the PT. MET foci can
arise locally, near the PT, regionally in the LN, or
in distant organs. They are the result of a complex
multistep process (Talmadge and Fidler 2010;
Valastyan and Weinberg 2011). Three character-
istics of the MET-process will be distinguished
for the sake of reasoning (Holzel et al. 2010);
the temporally sequential initiation of MET, the
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Fig. 2.1 Risk, initiation and detection of secondary foci
in solid tumors. Local, regional and distant MET are initi-
ated sequentially. Already tiny tumors — for breast cancer
about 1 mm diameter — can initiate MET. The risk ends
with the RO-resection of the primary tumor. The extremes
are shown with case pT1:1, a primary advanced tumor and
case pT1:3 with an initiation just before removal and a
resulting long MET-free survival. If the tumor is removed

mean growth time of the different foci, and the
subgroup-specific, homogeneous growth of all
MET.

Temporally Sequential Initiation

To begin with, the initiation of TC dissemination
that may become a detectable MET occurs in a
temporally sequential process. MET foci could
have been initiated by even small, | mm PT either
years or days before a RO resection. A very early
MET initiation can be diagnosed as a primary M1,
whereas the initiation that occurs shortly before
RO-resecction may only be detectable years after
the primary diagnosis. In colorectal cancer with a

¥

¥

only with a pT?2 size (red part of the figure) the proportion
of primary M1 rises and some cases (case pT1:2) may be
diagnosed earlier due to symptoms of MET. Case pT1:3
shows a short MET free interval despite normal MET
growth. Also with pT2 a long MET free interval can be
observed (case pT2:6). The notation e.g. pT2:x for cases
indicate an initiation of MET before pT2 and after pT1
amm, O, <P, ‘

pT1 diagnosis, 1.4% MET and 8.1% pLN are
observed. If the PT is first detected as a pT3
(Fig. 2.1 a delayed detection is shown in red) then
in the course of further growth from pT1 to pT3,
an additional 39.5% LN will have been infiltrated
and primary M1 will be diagnosed in 17.0%
of these pT3 patients. Most of these M1-MET
foci were very likely initiated before pT1 was
achieved. Together with the additional foci detect-
able at pT1, a total of 47.6% pLN and 18.4% M1
diagnoses are observed at pT3 (Table 2.1). Ten
years after a pT1 or pT3 diagnosis, approximately
103 or 46.5% tumor associated deaths are
observed, respectively. That means that after a
MO diagnosis, distant MET occurs in 8.9/26.2%
for either pT1/pT3 tumors. In BC with an interval
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Table 2.1 Terciles of the survival time from diagnosis of the primary tumor of metastasized and deceased patients with
breast or colorectal cancer and the distributions of prognostic factors within the terciles

Survival time of metastasized
and deceased patients

Subgroup Characteristics (%) 1. Tercile
Breast pT1 Time interval (ysorn)  <3.8
Ml 24.8
0/24 pLK 39.3/34.9
Grade 3—4 48.1
HR negative 29.9
age <50 years 31.6
Breast pT2 Time interval (ysorn) <2.9
Ml 33.0
0/>4 pLK 25.8/51.7
Grade 3—4 69.4
HR negative 34.7
age <50 years 22.6
Colon rectum pT2  Time interval (ysorn) <2.2
Ml 76.3
0/>4 pLK 40.0/25.6
Grade 3-4 323
age (mean, ys) 66.9
Colon rectum pT3  Time interval (ysorn) <1.2
Ml 91.7
0/>4 pLK 18.6/54.8
Grade 34 41.8
age (mean, ys) 69.3

2. Tercile 3. Tercile all All patients (%)
3.8-7.0 >7.0[12.3] n=1.255 n=19.612
104 2.6 124 14
44.1/30.6  57.8/17.2 47.3/27.3  76.1/5.7
39.1 26.4 37.8 19.6

16.4 9.6 19.1 9.0

342 37.8 34.6 20.0
2.9-5.8 >5.8[10.8] n=2.159 n=11.088
15.1 5.8 17.7 4.3
30.9/41.4  38.1/33.1 31.8/41.7  49.2/21.3
56.7 422 56.1 39.4

19.4 8.4 21.1 13.6

27.6 34.7 28.4 18.0
2.2-4.7 4.7 [7.7] n=393 n=4.265
29.2 114 389 4.7
67.6/9.5 77.2/2.0 62.5/11.8  80.4/3.7
13.7 19.5 21.8 14.6

64.1 62.2 64.3 69.7
1.2-2.8 >2.8 [5.6] n=3808 n=13.591
64.9 29.5 61.9 18.4
27.6/43.5 54.1/214 33.7/39.7  52.4/19.4
30.3 24.1 32.1 25.7

65.1 63.6 65.9 70.2

Data of all patients in the corresponding strata are presented in the last column. The value in brackets after the lower
limit of the third tercile is the 90% percentile of the MET free survival time for all patients. Minor changes between the

weighted terciles and the sum arise from missing data

of approximately 5—50 mm tumor diameter, there
is a linear association between the tumor size and
the occurrence of pLN (y(%)=12+1.2*d,d =
tumor diameter in millimeter). With every milli-
meter, regional and distant MET increases by
approximately 1.2% (Engel et al. 2012).

Growth Time of Foci

Secondly, the time required for MET growth can
be estimated from very different observational
points of view. For BC MET, the time distribution
of MET free survival is shown in Fig. 2.2a, b,
whereby for 80% of pTl patients, between
approximately 1 and 8 years of growth time may
occur before MET is detected. The double of the
median MET free survial time is about 6 years

and an estimator of the mean growth time. The
variability is due to the temporally sequential ini-
tiation of MET approximately 6 years earlier,
which would have occurred at the 10% limit
approximately 5-6 years earlier, and at the 90%
limit only days before PT diagnosis. However,
there are longer times observed, apparently
because the growth of the foci continuously
slows. Figure 2.2c shows the survival post diag-
nosis and results from the MET-free survival time
plus the survival following MET. The median
survival following MET is about 2 years for
receptor positive tumors (Fig. 2.2d). It is remark-
able in Fig. 2.2b and c that with increasing survival,
both survival times up to MET and after MET
increase continuously and are not relevantly
correlated. Such positively skewed distribu-
tions describe natural growth variations and
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therefore do not need an additional explanation
by dormancy.

From the local recurrence (LR)-free survival
time after breast conserving therapy with and
without irradiation one can estimate about 5 years
for the growth time of true LR from initiation to
detection (Early Breast Cancer Trialists’
Collaborative Group 2005; Holzel et al. 2011).
Indirectly, the growth of LN foci can be estimated
from the distribution of ITC and micro MET in
SLN which results in the same approximate
5 years as LR and MET (Engel et al. 2012). For
colorectal cancer the estimation of growth time is
approximately 4 years for the MET-free time,
also in the subgroup of pT1-2 metastasized and
deceased patients. The survival following MET
for colorectal cancer in a population-based set-
ting is about 13 months (data of the MCR not
shown).

Homogeneous Growth Within
Molecularly Distinct Subgroups

Thirdly, it is important to note that the growth
of tumor-specific MET is very homogeneous.
For example, the 10 year survival rates for
colon cancer with pT1/pT3 diagnoses are at
89.7/53.5%, whereas for diagnoses with 0/3/6 pLN
rates are at 75.0/39.4/19.7%. The corresponding
numbers for BC are 89.0/48.7 for pT1/pT3 and
90.5/68.0/47.5% for each respective pLN status.
For the survival following MET these classic
prognostic factors have little additional influence
(Fig. 2.2d). Therefore, MET is largely an autono-
mous process, independent of whether a rare
MET from a pT1 tumor or a frequent MET from
a pT3 tumor, already with multiple pLN, is
observed. The similar growth time of all MET
will become more apparent when, for example
with BC, the molecular biologically defined
subgroups of ER positive and negative tumors
are compared. Figure 2.2d demonstrates how
subgroup growth times may vary by a factor of
almost 2, yet within each subgroup, a very homo-
geneous growth is observed.

Figure 2.1 shows 90% of the MET free sur-
vival times depicted in terciles (dotted green

D. Holzel et al.

line). Homogeneous growth implies that this time
interval can be transposed in the time before
diagnosis of PT. That means normally late initi-
ated MET will not appear as primary M1 and
early initiated MET not after a long MET-free
survival time. The arrows which connect the ini-
tiation and detection time of one MET illustrate
the homogeneous growth. Therefore, for the most
part, the variability of the MET-free survival time
results from the sequential initiation with a com-
parable growth afterwards and not from an
approximate 10- to 20-fold growth variation.

Homogeneous MET growth means, that for
example in Fig. 2.2b, for all PT diagnosed at pT2,
only a small portion of the 10% of MET diag-
nosed in the first year and of the 10% diagnosed
after 8 years may have noticeably shorter or
longer volume doubling times (VDT). Even M1
diagnoses or short MET-free intervals as shown in
Fig. 2.1, case pT1:3, could have a delayed growth,
particularly if the MET was initiated long before
pT1 was reached, and then would be detected
as a primary M1 at the time of pT2 discovery.
Acceleration and retardation of growth cannot
reliably be assessed from a short or long length of
time after diagnosis of the PT.

An important consequence of these three
aspects of MET growth is the sequential acquisi-
tion of the MET potency of a PT. More and more,
this is being demonstrated with whole genome
sequencing and the reconstruction of the evolu-
tion of the PT. In addition, the acquisition of
MET-potency over time is a prerequisite for the
prediction of outcomes with gene expression
profiles from the PT (van’t Veer et al. 2002). The
time of dissemination of the first TC, of the first
TC with MET-potency and of its first initiation of
a MET are all unknown. The time difference of
the last two events, and if not zero, the residence
of the disseminated TC with MET potential, are
the important questions.

Volume Doubling
Large foci and their changes over time can be

well measured with modern imaging. Primary or
secondary tumor foci with approximate 1 cm
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diameters contain about 10° TC. Thirty VD are
required to achieve such a size. Nonetheless, the
heterogeneity of TC within the PT or a focus and
their individual development, in particular during
treatment, are not considered, not least because
they may be comparable for PT and secondary
foci. Therefore, time estimates and their recipro-
cal transformation from MET to PT, according to
Fig. 2.1, seem to be plausible. With BC the VDT
for all secondary foci are equivalent within
5-6 years. From these estimates the VDT of sec-
ondary foci of about 60 days and of the PT of
about 140 days (obtained from screening Peer
et al. 1993; Weedon-Fekjaer et al. 2008) result in
a ratio of the PT to MET VDT of over two. This
ratio may even be independent of varying VDT
of the PT, that is, faster growing PT initiate even
faster growing MET as seen in Figs. 2.2d and
2.4a. From the sequential initiation of MET and
the long growth time follows, among others, that
at least the first local, regional or distant MET
that may be detectable at the PT diagnosis may
be initiated independent of each other.

Relapse Related and Overall Survival

The presented MET process can be gleaned from
survival data. The conclusions apply to all solid
tumors. Nonetheless, BC is particularly suitable
because of the large number of patients and the
typically available mm size of the PT as well as the
tumor spread in a homogeneous tissue, in contrast
to e.g. colon cancer. Figure 2.2a demonstrates
the MET-free time with attention towards pri-
mary advanced diseases. With increasing pT, the
portion of patients with primary MET increases,
even when the portion of M1-diagnoses in the
MCR are slightly over estimated.

The distributions of MET-free time after a pri-
mary MO-diagnosis are comparable for different
pT. This is easier to recognize in Fig. 2.2b, where
primary MET have been excluded. No fundamen-
tally different distributions result from overall
survival after diagnosis of PT (Fig. 2.2¢). Only the
later occurring MET show an increasing MET-
free survival and also concurrently increasing
post-MET survival. The median overall survival

13

is simply 2 years longer than the mean of the
length of survival until MET. For the approximate
12/88% ER negative/postive diagnoses it can be
seen that the mean survival after MET is 1/2 years,
and nearly independent of classic prognostic
factors such as pT (Fig. 2.2d). The PT reveals a
comparable ratio for receptor neg/pos tumors
e.g. at 90% with 1.5/4.3 years or at 70% with
5.0/13.6 years (Fig. 2.4a). A bimodal time distri-
bution, that in extreme cases would produce a par-
allel to the time axis if there were non-overlapping
distributions, is not observed in our registry data.
It is possibly an artifact from heterogeneous
selected groups according to the pT-category or
receptor status (Demicheli et al. 2010).

Characteristics of Early and Late MET

Table 2.1 shows the survival time after a BC or
colorectal cancer diagnosis of metastasized and
deceased patients, grouped according to terciles
of the survival times. The tercile limits are, of
course, dependent on the follow-up time. For all
surviving patients, the 50/90% percentiles of fol-
low-up time are 6.1/15.1 years for BC and
5.2/14.4 for colorectal cancer.

The reduction of the upper tercile limit with
increasing PT is notable. This is a lead time effect,
because the biology of MET is not changing but
rather the risk of initiating a MET. If the MET
growth is homogenous, then the growth time of
the PT accounts for the time difference of tercile
limit, e.g. for BC from pT1 to pT2 of more than
1 year correspondent 3 VD (14-28 mm). The
comparison of distributions of selected prognostic
factors with all patients in one cohort shows the
importance of each factor. The effect of differen-
tial growth can be seen in the portion of the
primary advanced cancer (M1). Even in the third
tercile there are patients who live longer with
MET without there being any evidence of dor-
mant TC or stagnating MET.

An unfavorable histologic grade for both can-
cers and receptor negative tumors for BC are also
correlated with growth rate, therefore the propor-
tion is decreasing in the third tercile (Table 2.1).
The pLN are remarkable in that the high proportion
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Fig. 2.3 (a) A growth trajectory for MET beginning with
assumed dormant TC, a dynamic equilibrium and four
phases with different VDT. The growth time tmx is also
the age of the MET. (b) A fictive interaction of a placebo
controlled adjuvant treatment with the different growth
phases of a MET. An alternative interpretation of Fig. 2.3a
is the distribution of prevalence of MET development

of LN negative patients, particularly in colorectal
cancer, demonstrate the MET risk without LN
positivity. The increase in pLN with larger tumors
is continuous and demonstrates that the number
of pLN is an excellent chronometer for the dura-
tion of TC dissemination from the PT. The more
pLN the more primary M1 can be observed and
therefore the survival time is shorter. The differ-
ences in survival time in Fig. 2.2 are explained by
a lead time effect and differences in biological
VDT. The last aspect is also known as length
time effect and results in a higher detection prob-
ability of prognostically favorable tumors with
early detection. The trichotomy of the time inter-
vals for MET initiation and detection supports
the view of the three aspects of MET growth,
namely the sequential initiation and long-lasting
and homogeneous growth of secondary foci.

The superposition of the differential growth of
biological or prognostic subgroups is transparent
in Fig. 2.2d. The second aspect, the natural vari-
ability of VDT, is demonstrated particularly well
in BC. From mammography screening (Weedon-
Fekjaer et al. 2008) the 25/50/75% percentiles of
VDT have been estimated at 65/143/308 days for
60-70 year old patients. This is a factor of 5 that
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with 30 VD makes a difference of 20 years for
the growth of PT. These differing VDT of a PT
are passed on to the disseminated TC and deter-
mine the growth of the MET. The example of
receptor status shows this even when the reason
for the growth acceleration of more than a factor
of two has not yet been explained. That means
that long MET free intervals in BC can be
explained by natural differences in growth of the
foci. There are no discontinuities in the survival
curves and in distributions in Table 2.1, nor in the
third tercile which could be most influenced by
tumor dormancy phases.

Growth Trajectory

A growth trajectory is the path that a growing
focus follows as a function of time. A fictive one
is outlined in Fig. 2.3a. Due to the logarithmic
y-axis for the number of TC of a MET, differential
exponential growth phases are represented by
straight lines with size dependent differential
slopes (Fig. 2.3a: [t .t ] or [t .t 1). A possible
turning point of growth velocity could happen at
the angiogenetic switch (Naumov et al. 2000).
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In this trajectory, growing MET reach the detec-
tion size with the age of t_.. TC clusters in which
cell division and apoptosis would compensate
each other over a longer time constitute a dynamic
equilibrium and result in a growth trajectory par-
allel to the x axis as any pause in growth [t .t _].
Isolated TC that reside in an organ in a dormant
state for longer periods of time before the first
division are depicted with a series of circles
[t,,t,,]- This last status is functionally equivalent
to disseminated TC with longer circulating times,
or that reside in niches, or have a delayed extrava-
sation and thereafter a rapid initiation of a MET
in an organ.

Effects of Adjuvant Treatment

To understand possible interactions of different
MET status and treatment, the growth trajectory
is flipped horizontally in Fig. 2.3b. Thereby sur-
vival events are synchronized with the growth
trajectory. All of these stages of MET develop-
ment are represented in a patient cohort. The
remaining growth time up to the time of MET
detection is then tm5-tmx. How an adjuvant ther-
apy works in dependence of the size and growth
characteristics of a MET focus can be seen in the
shape of the MET-free survival curve. Because
of the homogeneity of MET growth, the res-
pective time delay of a therapeutic effect is
reflected in the growth phases. If the MET are
too advanced, they are apparently irreversible, as
many clinical studies support. Smaller foci, per-
haps under 10° TC, that are not yet supplied by
blood vessels (Naumov et al. 2006), maybe
partly reversible, which results in opening sur-
vival curves ([t .t .]).

If, over a longer phase, foci are maintained in
a dynamic equilibrium (Fehm et al. 2008;
Udagawa 2008) [t ..t .1, and were potentially all
reversible with therapy, then the survival in the
treatment group should have a phase that is paral-
lel to the x axis. The interaction of an adjuvant
therapy with dormant, solitary TC (Townson and
Chambers 2006) could result in differing effects
([t, -t D). If adjuvant therapies take longer than
the dormant phase, then all TC would begin with
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cell division and effective therapies would be
recognized by a risk reduction. If the dormancy
phase was longer than the therapy, then a change
in the MET risk would be apparent (blue dotted
line). Only therapies that continuously block the
signal transduction of mitotic pathways would
have survival curves that open like scissors if dor-
mant TC initiated MET. Current adjuvant thera-
pies show a less complex structure. In the
beginning they run parallel, for a defined time the
curves open in a scissor-like fashion, and thereaf-
ter they run parallel. If all TC have reached the
location of focal initiation before the beginning
of adjuvant therapy, then we see the outcome of
treatment and there is no evidence of late, post
RO resection initiating TC.

Distant MET and Dormancy

If dormancy were a characteristic of the MET
process the effect should occur in local, regional,
and distant foci. Figure 2.2 shows that for distant
MET, later occurring MET is less frequent with
increasing PT size. Since on the other hand, MET
are comparable for either large or small tumors,
then the characteristics of being a late MET must
have little to do with the size of the PT. An obser-
vation “the less favorable prognostic the PT, the
shorter the dormancy” would require new charac-
teristics of the initiated TC. Later MET that occur
under 10 years are predominantly the result of a
lead time effect since survival after MET is
mostly independent of PT. Figure 2.1 illustrates
that such misinterpretations can occur from the
wrong association with the date of PT diagnosis.
With the reference to the initiation of MET, a
long-standing growth or dormancy could very
likely be associated with a very short MET-free
interval or even with primary M1 (Fig. 2.1 case
pT2:4b). Figure 2.4 more likely suggests that the
differential survival with ER+ and ER-tumors in
BC can be explained by different VDT and not by
differing lengths of dormancy phases dependent
on receptor status. Late MET that occur after
10 years are characteristic for BC MET and need
no explanation by tumor dormancy. A small por-
tion of MET in BC may have particularly fast or
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Fig. 2.4 (a) Tumor specific survival for breast cancer
patients stratified according the receptor status without
any indication of a discontinuity due to a dormant phase.

particularly slow growth. In this regard, different
organs show different VDT with the same PT.
There are no facts that dormancy is involved if
MET-free survival occurs after 5 years (Aguirre-
Ghiso 2007; Brackstone et al. 2007). Additionally,
it is important to assess the quality of data. For
BC the risk of a second malignancy in 20 years is

12 13 14 15 16 17 18 19 20

(b) MET free survival time for different distant MET for
breast cancer with a pT2 primary tumor. Primary advanced
cases are also included, as indicated by the initial step

40% (Kaplan Meier estimate from MCR data),
among those 20% contra- or ipsilateral second
breast cancer occurs, the latter after breast con-
serving treatment (Hill-Kayser et al. 2006). Such
frequent second malignancies require critical
assessment of the cause in respect to the cancer
related death for every late MET.
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Regional MET and Dormancy

How does it look with the infiltration of LN?
Even in this case, pLN can occur long after the
diagnosis of PT. If the delay were explained by
dormant TC, then a high prevalence for ITC must
be evident already with the meticulous dissection
of the SLN. This is probably not the case. ITC,
micro and macro foci in LN appear to be so dis-
tributed that the infiltration of the LN net through
continuous dissemination and a growth without a
dormancy phase seems plausible. However, ITC
means that the whole range from ITC up to TC
clusters of less than 0.2 mm can be detected in a
SLN. A reseeding from TC in the LN would put
into question the prognostic relevance of SL and
the observable infiltration of the LN net from the
effluent stream of the PT. There are no robust
data for dormancy in LN.

Local MET and Dormancy

Even with LR there are no clinical data that would
suggest dormancy. If one observes breast con-
serving therapy, the first point to make is the sub-
division of residual tumors, true recurrences (TR,
that have no contact with the PT), and de novo
carcinomas. The growth rate of TR can be esti-
mated from the time distribution of a metaanaly-
sis of studies with and without radiation after
breast conserving therapy, and results in approxi-
mately 5 years for 30 VD (Early Breast Cancer
Trialists” Collaborative Group 2011). Even here,
a sequential initiation and a homogeneous growth
of over 5 years before RO-resection can be
assumed. From this also follows the analogy to
MET in distant organs and pLN, which can be
detected simultaneously with the PT. These are
the multifocal findings which are detected near
the PT at diagnosis and are initiated from migrat-
ing TC. Late LR are most likely de novo cancer
that occur in other quadrants and have other his-
tologies. Late TR that occur near to the PT also
exist. In comparison to the MET, it is possible
that after 6-8 years only a few percentage are
concordant with the variability of the VDT
(Weedon-Fekjaer et al. 2008). Genomic tests of
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the PT and the local focus will hopefully soon
clarify the type of synchronous or recurrent foci.
For dormancy of local MET, no robust data are
available either.

Implausible Implications for Dormant
Tumor Cells

TC arrive very soon after hematogenous and lym-
phogenous dissemination in all organs (Fisher
and Fisher 1966). The first steps of the MET pro-
cess are very efficient. The inefficiency does not
occur until TC growth after extravasation
(Cameron et al. 2000; Luzzi et al. 1998). The
challenging question is whether dormancy is a
common characteristic of this step.

TC even from very small PT have MET
potency. The linear relationship between size and
MET confirms that the dissemination increases
with the duration of the MET-risk. But the PT
does not disseminate increasingly genetically
potent cells. If gene signatures can predict the
organ tropism, then these properties must be a
very early property of the PT and not the product
of an evolutionary development or even of matu-
ration after dissemination. Since millions of TC
can be disseminated by a PT, which passively
reach all organs through lymph and blood ves-
sels, survive there and show typical tumor-
specific MET patterns, then a cascade like
initiation from focus to focus can be excluded.
This is shown in Fig. 2.4b with the distributions
of the organ specific MET-free survival time for
BC. The small differences between the distribu-
tions must be compared with the growth time
from initiation of a MET up to the detectable size
lasting for years. Therefore, MET foci arise inde-
pendently from one another.

Also the assumption that the PT disseminates a
TC, predetermined in its evolutionary develop-
ment, and equipped with a specific gene signa-
ture for different organs, is not compatible with
Fig. 2.4b. A predestined TC location cannot be
confirmed by any MET-pattern in other solid
tumors. Moreover, this would reduce the impor-
tance of the environment, which, as we know
from embryology and wound repair, constrains
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pluripotent cells to selective functions by changing
gene-expression for organ or tissue formation.

A simple thought experiment reveals funda-
mental problems with dormancy. If dormancy
were a characteristic of the MET process, then
TC would exist in organs which were dissemi-
nated from the PT in different sizes. Because a
different MET probability is associated with each
tumor size, an intelligent mechanism of the TC
and/or the environment must exist which knows
among others the size at dissemination and the
present duration of dormancy. This is because the
PT size is correlated with MET frequency which
has to be coordinated within the subset of all
disseminated TC and even within a patient
cohort. Ultimately, the disseminated TC would
be equipped by the PT with a signature for a
definite MET in the sense of a final destination
and would reopen the discussion about entelechy
for a teleological process from the Middle Ages.
Furthermore, the remote control of TC by the PT
up to the RO-resection with a signal protein also
seems implausible but does not contradict coloni-
sation by the PT. Such a thought experiment
shows that MET is also, up to the initiation of a
secondary focus, an autonomous mechanical pro-
cess (Michaelson et al. 2005) with a probability
of success which increases with the number of
disseminated TC and therefore with time.

An evolutionary development of the PT with
delayed dissemination of more aggressive or
organ specific TC cannot be deduced from MET
patterns. Also a change of the pattern during the
course of disease cannot be observed. The deter-
mination of the prognosis, or even the location of
the MET, from the PT would otherwise not be
possible (Bos et al. 2009; van’t Veer et al. 2002).
That is to say, it is questionable whether success-
ful TC did not have any dormancy phase a poste-
riori. Because TC lack a memory mechanism of
their own history the number of long-lived, viable
TC in all organs can only have a minor role. There
are no convincing data about systematic initiation
of MET after RO resection, as there are no con-
vincing data about a dormancy phase before
initiation of a focus. However, this is not incon-
sistent with the existence of dormant TC.
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Seed and Soil Observations

The lack of evidence of the importance of dor-
mancy for MET does not conflict with observa-
tions from Paget (1889); that the distribution of
secondary growth is not determined by the blood
flow and random sampling. A tumor-specific
organ tropism exists. A TC of liver adenocarci-
noma remains unsuccessful initiating MET in the
lung although it transits through the pulmonary
capillaries, but it is very successful in all liver
segments. In contrast to the liver, a primary lung
adenocarcinoma shows a strong tropism for its
homeland organ, which is evidenced by the fre-
quent multifocal PT of the lung. The circulation
path of the TC is identical in both cases. Because
there is no correlation between organ tropism and
blood flow, and TC are ubiquitous in all organs
(Suzuki et al. 2006) tumor-specific driver genes
must be diversified. The metastatic propensity of
small cell lung cancer TC to the CNS or to adre-
nal gland points to the importance of the seed and
the selection of the soil. The little overlap between
genes identified as a signature for lung and bones
fit with these observations (Landemaine et al.
2008). This correlation also explains the striking
success of local or site-specific MET in the envi-
ronment of the PT.

An adjuvant radiation of the CNS in patients
with small cell lung cancer reduces CNS-MET
and therefore TC must already be at that location
at the time of diagnosis of the PT. The hypothesis
that radiation destroys dormant TC instead of
already growing foci, because their repair mecha-
nisms are not activated, seems implausible. The
analogy to the LAG Phase of bacterial growth,
during which bacteria adapt themselves to growth
conditions of a new environment, is fitting.
Especially, CNS MET should have longer LAG
phases or slow and differential growth of tiny
foci. Perhaps a successful MET is correlated with
the density of isolated TC in an organ if sepa-
rately disseminated TC find each other and can
then more easily activate nearby vessels together.
Video microscopy suggests such an equilibrium
of newly arriving TC and disappearing older ones
(Kienast et al. 2010).
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Last but not least, genome sequencing of a PT
and different secondary foci confirms the tempo-
ral sequence of focus initiation (Campbell et al.
2010; Yachida et al. 2010). Additionally, the par-
allel evolution in primary sites must be consid-
ered as the result of very heterogeneous PT. It is
noteworthy that the additional mutations shown
by the phylogenetic reconstruction of the evolu-
tion of PT are not driver mutations for the respec-
tive organ. Also from this point of view, organ
tropism should be established very early without
noticeable delay between organs (Fig. 2.4b).

Conclusion

Millions of continuously disseminated TC and
their ubiquitous detectability in animal models
with different cell lines suggest the imprecise term
of tumor dormancy for solid tumors. Historically,
the metaphor may have been inspired by the
knowledge of hematological cancers, hematopoi-
etic stem cells, their treatment, and the develop-
ment of recurrences. Also the transfer of TC with
organ donations and the mobilization for MET
initiation suggest the existence of TC in niches.

In reality, the term dormancy conceals our
ignorance of the MET process of solid tumors,
beginning with circulation up to the growth of
isolated TC or clusters of local, regional and dis-
tant MET (Aguirre-Ghiso 2007). The detection
of TC and their possible delayed division or apop-
tosis cannot explain or quantify our observations.
It is only a surrogate for dissemination of a PT.
For this reason, the adverse prognostic value of
bone marrow TC detected at diagnosis of PT in
early BC is not to be questioned. Nonetheless, the
detection of dormant TC does not implicate them
as MET precursors nor as causes of late recur-
rences. The dormancy concept opens no new line
of vision, shows no promising research approach
and is therefore not helpful (Klein 2011). It is
even counterproductive that the term communi-
cates timeliness and scientificness, so that in spite
of our limited knowledge, a search for so-called
dormant TC and their characterization is offered
to patients as being useful.
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Also the expectations of improving prognosis
with dormant TC as a treatment target are not
likely to be of clinical importance. The evidence
of the heterogeneity of PT, the resulting lack of
monoclonal TC, and the plasticity of each focus
makes the therapeutic failure with currently avail-
able agents very likely, or chronifications of
METs, unlikely. In addition, adjuvant therapies
are likely to affect foci already growing in organs.
Their improved interception with foci below the
detectable size would be of clinical importance.
In summary, it follows that the detection, proper-
ties, representativeness or interference of dor-
mant TC in cell systems and animal models and
the transferability to humans are certainly of
great interest. But the significance of dormant TC
for the scientific development and application of
future therapies appears at present to be still very
low. Thus far, tumor dormancy is a theoretical
construct with marginal relevance for patients
and with no contribution to the differentiation of
thought and action and is therefore clinically
meaningless.
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