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I am grateful for the letter of S. Koscielny 
and M. Tubiana because it allows me to 
clarify a few points. In the Opinion article 
(Parallel progression of primary tumours 
and metastases. Nature Rev. Cancer 9, 
302–312 (2009))1 I opposed two models of 
cancer progression: parallel progression, 
suggesting early dissemination of tumour 
cells from the primary tumour and ectopic 
selective adaptation (which is associated 
with the emergence of genomes fully able 
to form metastases); and linear progression, 
which places major evolutionary events in 
the primary tumour and late dissemination 
of fully malignant cells that subsequently 
grow to manifest metastases.

For reasons not explained in their 
letter the authors declare parallel progres-
sion inconsistent with clinical data. This 
conclusion is derived from their math-
ematical model of cancer progression. They 
assume disseminating cancer cells to be 
autonomously growing and suggest that 
the primary tumour at metastasis initiation 
is only slightly smaller than at the time of 
tumour diagnosis2,3. If correct, metastases 
grow much faster than primary tumours. 
However, growth rates and proliferation 
indices of paired metastases and primary 
tumours are similar, with metastases grow-
ing up to twice as fast as primary tumours1. 
The marginal increase of growth rate has 
prompted most authors who modelled can-
cer progression on clinical data to conclude 
that dissemination of tumour cells occurs 
long before the diagnosis of the primary 
tumour and that metastatic colonies and 
the primary tumour grow in parallel over 
prolonged periods4–6.

More important are ex vivo analyses 
of disseminated tumour cells (DTCs). 
Mathematical models of cancer progression 

are imprecise for the difference between 
dissemination of tumour cells and the 
initiation of metastatic growth. Clinical data 
sets do not report when tumour cells dis-
seminate, but they document the diagnosis 
of metastasis. Therefore, one can only assess 
the link between tumour size and the prob-
ability of metastasis; the latency period and 
the nature of this link need to be explored. 
Genomic analyses of DTCs provided evi-
dence that ectopically residing tumour cells 
have strikingly different genotypes to the 
predominant clone of the primary tumour 
at the time of surgery and DTC sampling7–10. 
If metastasis founder cells (MFCs) accumu-
lated genomic changes in the primary site 
and disseminated shortly before surgery, 
as suggested by Koscielny and Tubiana, 
it is unclear why this difference would be 
observed. By contrast, high-resolution 
molecular analysis showed that some DTCs 
resemble an early stage of genomic progres-
sion shown by the primary tumour, and lon-
gitudinal studies revealed ongoing genomic 
evolution of DTCs — presumably outside the 
primary tumour — until the manifestation of 
metastasis11. Finally, dissemination of tumour 
cells from the earliest stages of the primary 
tumour is now documented in breast and 
other cancers with a minor increase of dis-
semination in larger tumours12,13. Evidently, 
the link between tumour size and clinically 
manifest metastasis is not dissemination but 
colonization.

Finally, the authors declare that the 
parallel progression model is incompatible 
with the cancer stem cell hypothesis. As 
defined above, parallel progression does 
not address this issue. Genetic hetero-
geneity of DTCs has repeatedly been 
documented8–10,14, and heterogeneity is also 
expected for epigenetic states. Therefore, 

productive and non-productive DTCs are 
likely to coexist. However, evidence sug-
gests that specific mechanisms are active 
during cancer initiation15 that might select 
for the early dissemination of cancer stem 
cells16. We undeniably need more data, in 
particular for the identification of MFCs 
and the mechanisms that support their 
outgrowth at distant sites.
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