PersPecTives
opinion

Does tumour dormancy offer a
therapeutic target?
Paul E. Goss and Ann F. Chambers

Abstract | The increasing number of cancer survivors is cause for celebration, but
this expanding population has highlighted the problem of tumour dormancy, which
can lead to relapse. As we start to understand more about the biology of dormant
cancer cells, we can begin to address how best to treat this form of disease.
Preclinical models and initial clinical trials, as exemplified in patients with breast
cancer, are paving the way to address how best to treat long-term cancer survivors
to minimize the risk of cancer recurrence.
Tumour dormancy has been recognized as
a clinical phenomenon in numerous types
of cancer for many years. Clinicians and
experimental biologists have used the term
dormancy loosely, to describe the hypothe
tical state of cancer cells lying in wait over a
period of time after treatment of the primary
tumour, pending subsequent growth and
clinical recurrence. This phenomenon is
responsible for the intractable nature of many
malignancies and is the means by which
cancers can defeat the intent to cure with the
initial treatment of a primary tumour. One
way clinicians have sought to address this
phenomenon is to apply increasingly lengthy
courses of anticancer treatments. With the
development of less toxic and more targeted
therapies that can be used for long periods
of time, the idea of extended therapy to pre
vent late cancer recurrences has begun to
gain momentum. Simultaneously, laboratory
researchers have striven to define and under
stand the biology of cancer cells that can allow
them to exist in a state of dormancy and sub
sequently grow to become clinically detect
able. It is timely to consider current concepts
addressing both experimental and clinical
data regarding cancer dormancy, with a view
to identifying targets of dormancy and poten
tial clinical strategies. In this Opinion article,
we focus particularly on the clinical and
therapeutic implications of evolving concepts
about tumour dormancy, with an emphasis
on relevant clinical trials in breast cancer.

Experimental studies of dormancy
Metastasis is an inefficient process1.
Metastases form from only a subset of cells
that arrive in an organ, and many cells
remain as either solitary dormant cells or
micrometastases2. Experiments in preclini
cal models suggest that dormant cells are
common and that they represent a valid,
but difficult, therapeutic target. Laboratory
studies have shown that cancer cells in a
metastatic organ can coexist in three dis
tinct states: actively growing and angiogenic
metastases, which are most readily detected
by various imaging modalities or by their
effects on vital organ function; microme
tastases, which may be in a dormant state in
which cell proliferation is balanced by apop
tosis and no net size increase in tumour
volume occurs; and solitary, dormant cells,
which are in a truly quiescent state (FIG. 1).
The micrometastases and dormant cells
can also be detected after the fact by histol
ogy but can be detected in vivo by new and
evolving preclinical imaging modalities,
such as intravital videomicroscopy and
magnetic resonance imaging 3–8. Thus, what
can be readily detected might represent
only the ‘tip of the iceberg’ in a metastatic
organ, both in experimental models and in
patients. Cancer cells in these three states
represent very different therapeutic tar
gets (FIG. 1). Key to determining whether
dormant solitary cells or micrometastases
represent valid targets is knowledge of the
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underlying biology of dormancy and the
probability of cells progressing to active
metastatic growth. This progression is
poorly understood in preclinical models
and even less so clinically.
Preclinical models. Preclinical models that
are specifically focused on tumour dormancy
have been difficult to develop, as for practi
cal reasons much of metastasis research
is focused on using models that provide
experimental results within short time
frames. However, some models for studying
dormancy have been characterized, and are
now providing insights into how dormancy
might be regulated (reviewed in ReFs 9,10).
Furthermore, increasing evidence suggests
that dormant cells are often present in organs
in which metastases are also actively grow
ing. These experimental findings are con
sistent with clinical evidence for dormancy.
However, details about where dormant cells
reside in patients is limited, as clinical assess
ment of minimal disease is usually restricted
to accessible tissues and organs, such as the
blood or bone marrow 9–11. The true extent of
dormancy in other tissues cannot currently
be assessed.
There are few cell lines that have been
characterized that exhibit a dormant
phenotype in experimental mice in the
absence of actively growing metastases,
partly because cell lines that are in common
use have been selected for rapid metastatic
ability. Naumov et al.12 screened a series
of cell lines for tumour growth following
subcutaneous injection. They found that
many nonangiogenic cell lines initially
showed a prolonged dormant phenotype,
followed by the development of angiogenic
capability and much more rapid growth
on reinjection. Other studies have also
implicated the failure of angiogenesis as a
factor that contributes to the maintenance
of the dormant state and the activation of
angiogenesis as a trigger for the initiation
of growth by dormant cells13–15. Indraccolo
et al.16 recently reported a role for Notch
signalling in tumour cells, which is medi
ated by Notch ligands that are released by
endothelial cells, emphasizing the potential
role of the angiogenic switch in regulat
ing release from dormancy 12. Therefore,
vOLuME 10 | dECEMbEr 2010 | 871
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Figure 1 | Cancer cells can coexist in three distinct states in a metastatic
organ. Metastatic
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cells can be present as dormant, quiescent solitary cells (part a); dormant, pre-angiogenic micrometastases, in which cell division may be balanced by apoptosis (part b); and as actively growing, vascularized metastases (part c). The cells that can be detected by current clinical or preclinical imaging
modalities are thus only a subset of the metastatic burden that may exist in an organ. The net progression to clinically relevant, large metastases is governed by the numbers of cancer cells that are delivered to that organ and by the proportion of cells that follow the various fates shown. The dashed
arrows indicate a link between proliferation, dormancy and cell death. image is modified, with permission, from Nature Reviews Cancer ReF. 2 © (2002) Macmillan Publishers Ltd. All rights reserved.

antiangiogenic therapies could have the
potential to hold preangiogenic dormant
micrometastases in check.
aguirreGhiso and colleagues9 have
developed a model for studying tumour
dormancy in the immunodeficient chick
embryo, using human epidermoid carcinoma
HEp3 cells, and have used this model to
identify molecular factors that can contribute
to the maintenance of, and release from, dor
mancy 9. Factors identified using this model
include the balance between two MaPK
signalling pathways, the ErK and p38 signal
ling pathways, which in turn can be regulated
by the urokinase receptor (uPar) and inter
actions with fibronectin17–19. Therapeutic
strategies to regulate this balance could be
contemplated, but would be complicated by
limited specificity for tumour cells.
The d2a1 and d2.0r mouse mammary
carcinoma cells20 represent a genetically
related pair of cells with aggressive, rapidly
metastatic (d2a1) and more indolent, dor
mant (d2.0r) phenotypes, and have been
used with success in many studies of metasta
sis and dormancy 21–23. barkan et al.23 used this
pair of cell lines, and also identified a series
of additional cell lines, that show dormant
versus rapidly growing properties both in vivo
and in an in vitro assay that correlated with
in vivo behaviour. It is anticipated that this
in vitro assay will help to clarify the molecu
lar nature of dormancy and the therapeutic
strategies that are targeted to dormant cells.
Molecular factors identified with this model
include adhesive interactions with compo
nents of the extracellular matrix 23–26. again,
strategies to use this mechanistic informa
tion therapeutically remain to be developed
and issues of tumour specificity need to be
addressed.

Goodison et al.27 and Suzuki et al.28 have
used a pair of clonal, green fluorescent pro
tein (GFP)transfected derivatives of the
MdaMb435 human cell line, one of which
(NM2C5) shows a nonmetastatic pheno
type in vivo and the other of which (M4a4)
is highly metastatic in immunodeficient
mice. They found that NM2C5 tumours
disseminated cells to distant organs, where
they remained in a viable but dormant state,
again supporting the idea that tumour dis
semination is not synonymous with clinically
overt metastasis. Even with the metastatic
M4a4 line, many cells disseminated and
remained dormant, including in organs that
had actively growing metastases27,28, which
is consistent with the information illustrated
in FIG. 1. Similarly, Huseman et al.29 reported
early dissemination of mammary carcinoma
cells to multiple organs in a syngeneic model,
and subsequent release from dormancy in
the bone marrow, in response to irradiation.
In addition, Eyles et al.30 have implicated
cytostatic Cd8+ T cells in regulating the
outgrowth of early disseminated melanoma
cells. Indeed, when researchers take the time
to look, dormant cancer cells can be found
in many metastatic animal models both in
organs that are free of overt metastases and
in involved organs where they coexist with
actively growing metastases3–5,7,22,27–29.
Preclinical models of therapeutic effects on
dormant tumour cells. Few studies have
assessed the effects of therapy on dormant
cells. Cytotoxic chemotherapy was shown to
effectively inhibit the growth of metastases
while having no effect on the numbers of dor
mant cancer cells residing in the same organs
in models of breast cancer metastases in the
liver 22 (FIG. 2) and melanoma metastases in the
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lungs4. Furthermore, chemotherapy treatment
delivered early in the course of metastasis had
no effect on latedeveloping metastases in the
d2.0r poorly metastatic model, presumably
because the cancer cells were in a dormant
state at the time of treatment, and thus mim
icking a failure of early administration of
adjuvant therapy to prevent late recurrences
in some patients (FIG. 2). dormant cancer
cells are therefore common in preclinical
models of metastasis and are a difficult target
for therapy. although quiescent, dormant
cells might be difficult to kill, but they would
presumably be affected by treatment deliv
ered after they begin to reinitiate growth. as
discussed below, recent and ongoing clinical
trials in hormonedependent breast cancer
suggest that antioestrogen therapies that are
introduced as a treatment late in followup
can reduce subsequent clinical recurrences,
suggesting that either true dormant cells or
tumour micrometastases remain vulnerable
to these therapies. Such an approach may be
contemplated in other malignancies, particu
larly with the development of therapies with
few toxicities.
Clinical tumour dormancy
Circulating breast cancer cells have been
detected in patients up to 22 years after diag
nosis who are clinically disease free, suggest
ing that tumour cells are in a state of dynamic
dormancy 31. Clinical dormancy is reflected by
relapses at distant sites, following the original
primary cancer diagnosis. In some tumours
— for example, breast cancer, melanoma and
renal cancer — these recurrences are com
mon and can occur many years after diagno
sis. Such late recurrences are less common in
other tumour types (TABLe 1). For example, in
colon cancer, more than 85% of recurrences
occur within the first 3 years of followup32,
whereas patients with breast cancer are at risk
for a much longer time33. Mathematical mod
elling using clinical recurrence data has sug
gested that dormancy can be better explained
by true cancer quiescence, followed by peri
ods of active growth, rather than steady but
slow growth throughout a period of clinical
dormancy 34,35. Many examples of evidence
for minimal residual disease in blood, bone
marrow, lymph nodes, the peritoneal cavity
and other sites for different types of cancer
have been shown9,36. Investigators in Italy
measured the size of clinically detected breast
cancer lesions in patients who were followed
every 3 months and they were able to deduce
that the tumour could not have been growing
by exponential or Gompertzian growth before
the diagnosis of metastases but rather that
rapid growth after coming out of dormancy
www.nature.com/reviews/cancer
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was likely to have occurred37. In a meta
analysis of early stage breast cancer, the
presence of dormant occult bone marrow
micrometastases was an independent prog
nostic indicator 38. Publications by ragaz
et al.39 and Overgaard et al.40 raised the pos
sibility that dormant metastases in regional
nodes of the breast could seed tumour cells
to distant sites over time following initial sur
gery. ultimately, a reduction in cancer mor
tality and morbidity depends substantially on
our ability to prevent, delay or treat distant
metastatic disease that can occur at times
ranging from immediately after diagnosis to
years or decades later (TABLe 1).
recent and evolving technological
advances have made it possible to detect
circulating tumour cells (CTCs) in blood
samples from cancer patients, as well as
disseminated tumour cells (dTCs), which
are primarily isolated from bone marrow
samples. Such cells have been shown to pro
vide some valuable prognostic information
(reviewed in ReFs 10,41,42). These studies
provide evidence for cancer cells at sites
that are remote from the primary tumour.
Molecular characterization of these cells is
the subject of much ongoing work, as meth
odological hurdles of characterizing isolated
individual cells are being overcome. Whether
these cells represent a reservoir of dormant
cells that can reinitiate growth in response
to microenvironmental stimuli remains to
be clarified. although sampling of dTCs
from bone marrow is an invasive proce
dure, blood sampling of CTCs is minimally
invasive. Quantification and/or molecular
characterization of CTCs could therefore be
feasible in the context of clinical trials and
might provide further insights into the clini
cal utility of CTC (or dTC) measurements in
patients10. For example, a recent publication
describes the ability to harvest, isolate and

study Erbb2 levels in CTCs43, and another
publication has reported the detection of
mutations in epidermal growth factor recep
tor (EGFr) in CTCs from patients with lung
cancer 44. using these techniques it is hoped
that targeting dormant cells to kill them, or
keep them dormant indefinitely, will be pos
sible. This represents an important challenge
in the future treatment of early stage cancer
that could provide a major step forwards in
improving the outcome of patients with solid
tumour malignancy.
To establish distant metastases, tumour
cells need to overcome several obstacles:
leaving the primary tumour site; homing
to a distant organ site; resisting apoptosis
and immune destruction at the ectopic site;
and establishing initial colonization at the
metastatic site2,30,45,46. The metastatic dis
semination of cancer cells can occur early
in the course of disease progression, before
or at the time of diagnosis of the primary
tumour in patients; this has also been seen in
experimental models29,30,36. The time taken
to subsequently establish a blood supply
and grow at the metastatic site to clinically
detectable disease is considered the true
dormancy period. Clinically, tumours have
been considered dormant when recurrence
occurs after 5 years from diagnosis, but the
variation in time to recurrence probably
reflects a lead time bias from original dis
semination rather than a measure of varia
tions in tumour biology. regulation of the
switch from quiescent dormancy to active
regrowth is poorly understood, but could
include factors such as surgery and other
causes of tissue injury, diet, immunological
factors and other as yet unidentified chance
elements34,47,48.
The initiation of metastatic growth is
not equivalent to dissemination of tumour
cells2,46, as illustrated by the experimental
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Figure 2 | The differential sensitivity of dormant versus actively growing Nature
cancerReviews
cells to| Cancer
doxorubicin. in this experiment, cells were injected into the mesenteric vein of mice to target cells to the
liver. Two mouse mammary carcinoma cell lines were compared: D2A1, which forms metastases within
3 weeks after injection, and D2.0r, which remains in a dormant state for up to 11 weeks before forming
metastases. Treatment with doxorubicin (DXr) reduced the D2A1 metastatic burden from large metastases, but did not reduce the numbers of solitary cells. Late-developing D2.0r metastases were not
inhibited, owing to DXr treatment being given to the mice when the cancer cells were in a dormant,
non-responsive state22. see ReF. 4 for a similar study, which also showed differential responses to
chemotherapy of dormant versus actively growing melanoma cells.
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studies discussed above. The phenomenon
of tumour dormancy can introduce years of
uncertainty for patients and their physi
cians, as it is not known whether a patient
is cured or still harbours residual disease
that carries the risk of recurrence. The vari
ous possible states of dormancy, as well as
their temporal presence or absence over
time, suggests that single or combinations of
therapies, introduced at varying time inter
vals, could be necessary to interrupt the
process of clinical recurrence. This poses
a tremendous challenge to the researchers
and clinicians involved in clinical trials.
Nevertheless, recent clinical trials in breast
cancer support the idea that there might be
a long temporal window for some patients,
during which continued therapy or therapy
that is applied late in followup may be of
benefit in preventing cancer recurrence.
Such trials can increasingly be carried out
owing to the development of treatments
that have less toxicity than earlier cytotoxic
chemotherapies. However, much remains
to be learned about the efficacy of chronic
therapies that are targeted towards dormant
cancer cells and their benefits and risks to
patients need to be carefully evaluated.
Recurrence patterns in breast cancer.
Clinically, most malignancies have a
chronic recurrence pattern (TABLe 1). It
is immediately obvious that there is no
distinct point when recurrences begin or
end. breast cancer is clinically divided
into various subtypes. distinct differences
in recurrence patterns are seen between
oestrogen receptorpositive (Er+) and Er–
tumours33,49 (FIG. 3). Er+ disease has a lower
risk of recurrence in the initial 5 years after
diagnosis than Er– disease but thereafter
has a greater chronic annual risk of recur
rence than Er– tumours. after 15 years
the recurrence curves come together again
(FIG. 3). It is unclear whether these differ
ences could be accounted for by different
growth rate patterns or by differences in
dormancy patterns.
Improving the systemic therapies that
are given immediately after treating the
primary tumour continues to be the com
monest way to attempt to reduce subse
quent recurrences. Emphasis has generally
been placed on longterm morbidities of
cancer treatments rather than on address
ing residual risk of recurrence. Improving
therapeutic efficacy in laterelapsing cancers
has been less of a focus. However, examples
of diseases in which this has begun to be
addressed include Er+ breast cancer and
malignant melanoma.
vOLuME 10 | dECEMbEr 2010 | 873
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Clinical trials and long-term dormancy
Er+ breast cancer is a model for chronic
relapsing solid tumour malignancy. adjuvant
systemic therapy with tamoxifen reduces the
rate of relapse and improves survival both
during and after 5 years of therapy in women
with Er+ early stage breast cancer 49. data
from clinical trials that have given tamoxifen
for longer than 5 years were mixed. The most
definitive prospective trial, NSabP b14,
showed no additional benefit or worsen
ing of outcomes by continuing tamoxifen
beyond 5 years and led to a uS National
Cancer Institute alert limiting tamoxifen
use to 5 years50,51. a Scottish trial of longer
than 5 years of tamoxifen treatment showed
a similar result52. by contrast, a trial con
ducted by the Eastern Cooperative Oncology
Group, uSa, showed a slight advantage
for longer tamoxifen use by comparing
3 years of treatment and longer treatment53.
Similarly, results from the ongoing adjuvant
Tamoxifen Longer against Shorter trial
(aTLaS; see Further information) of around
5 years of tamoxifen treatment versus longer
treatment are awaited to determine the effi
cacy of treatment with adjuvant tamoxifen of
longer than 5 years. a trial of delayed adju
vant tamoxifen started >2 years after diag
nosis showed marked benefit for systemic

intervention late in followup, which was
remote from initial diagnosis and treatment
of the primary tumour 54.
The Letrizole after Tamoxifen in Treating
Women with breast Cancer (NCIC CTG
Ma17) trial demonstrated a significant
reduction in recurrence risk and improve
ment in diseasefree survival by extending
adjuvant endocrine therapy with an aro
matase (oestrogen synthetase) inhibitor, letro
zole, for an additional 5 years after the initial
5 years of tamoxifen treatment55 (FIG. 4a).
Importantly, women in this trial with primary
tumours that were Er+ and progesterone
receptor (PrGr)positive (PrGr+) accrued
most of the benefit56. a similar association
with Er+ and PrGr+ tumours was also
shown in the aTLaS trial discussed above54.
Importantly, subsequent analyses of NCIC
CTG Ma17 also showed that 1–7 years after
5 years of tamoxifen treatment and anywhere
between 6 years and 11 years after diagnosis,
women still have a significant recurrence risk;
this ongoing risk was markedly reduced by
introducing delayed letrozole treatment up to
11 years and 16 years from diagnosis57. This
further supports the idea of persistent or dor
mant metastases occurring many years after
primary presentation of breast cancer. Further
followup of the NCIC CTG Ma17 trial has

Table 1 | Relative survival rates by tumour site at 5, 10 and 15 years*
Tumour site

5 years‡

10 years§

15 years||

Breast (female)

90%

82%

75%

Melanoma of the skin

93%

90%

89%

Kidney and renal pelvis

69%

61%

54%

colon and rectum

68%

58%

54%

Lung and bronchus

16%

11%

9%

Oesophagus

19%

12%

9%

Liver and intrahepatic bile duct

14%

9%

8%

Pancreas

6%

4%

3%

stomach

27%

21%

18%

Brain and other nervous system

36%

32%

30%

Oral cavity and pharynx

63%

51%

43%

Larynx

63%

49%

41%

Urinary bladder

82%

75%

71%

Thyroid

97%

97%

96%

Ovary

46%

38%

38%

Prostate

100%

95%

82%

Testis

96%

95%

94%

corpus and uterus, NOs

84%

80%

77%

cervix uteri

72%

67%

65%

NOs, not otherwise specified. *Table is based on surveillance, epidemiology and end results (seer) data
(see Further information), which was provided by the American cancer society. ‡cases diagnosed from
1999 to 2005 and followed during 2006. §cases diagnosed from 1994 to 2006 and followed during 2007.
||
cases diagnosed from 1989 to 2006 and followed during 2007.
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resulted in women who received 10 years of
endocrine therapy (5 years of tamoxifen treat
ment and 5 years of letrozole treatment) being
rerandomized in the NCIC CTG Ma17r
trial to a further 5 years of letrozole treat
ment or no treatment, further addressing the
concept of prolonged tumour dormancy and
the need for chronic endocrine therapy for up
to 15 years after diagnosis (FIG. 4a). From the
results of the NCIC CTG Ma17 trial it can
be concluded that, despite 5 years of adjuvant
tamoxifen treatment, women can continue to
harbour clinically dormant micrometastases,
which are generally sensitive to antioestrogen
therapy regardless of when this therapy is
applied. by contrast, although some benefit
is accrued from antioestrogen therapy in
patients with Er+ and PrGr– tumours when
it is given early in treatment, later, after being
exposed to 5 years of tamoxifen, Er+ and
PrGr– disease may no longer be responsive
to further antioestrogen therapy. Primary
tumour evaluation for prognostic and predic
tive gene signatures or other biomarkers in
the NCIC CTG Ma17 trial is underway.
In a further twist on tumour dormancy
in Er+ breast cancer, experimental data from
Sabnis et al. 58 have suggested that constant
antioestrogen therapy might induce an
acquired Er– phenotype and antioestrogen
insensitivity over time. This has resulted in
the Study of Letrozole Extention (SOLE)
trial, a Phase III trial evaluating the role of
continuous letrozole versus intermittent
(9 months off and 1 month on) letrozole
treatment following 4 to 6 years of adjuvant
endocrine therapy for postmenopausal
women with hormone receptor+, node+, early
stage breast cancer. This trial will address
both the phenomenon of dormancy and the
potential effects of therapy on its biology.
The Tykerb Evaluation after
Chemotherapy (TEaCH) trial is evaluating
the biology and potential responsiveness to
antiErbb2 therapy of dormant micrometas
tases in a specific Erbb2+ subtype of breast
cancer (FIG. 4b). Women with Erbb2+ primary
tumours (as determined by fluorescence in
situ hybridization (FISH) or immunohisto
chemistry (IHC)) who are clinically free of
recurrent disease following initial primary
therapy and adjuvant chemotherapy are
randomized to receive lapatinib (Tykerb;
GlaxoSmithKline) or a placebo any time after
prior diagnosis of their primary tumour59.
Stratification factors include: less than 4 years
from diagnosis versus greater than or equal
to 4 years from diagnosis; node+ versus node–
tumours; and Er+ versus Er– tumours. In
this trial, the event rate over time in patients
not treated with antiErbb2 therapy will be
www.nature.com/reviews/cancer
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Figure 3 | Long-term risk of breast cancer recurrence by er status. These curves are from a metaanalysis by the early Breast cancer Trialists’ collaborative Group (eBcTcG) and show that for both
node– (part a) and node+ (part b) disease, oestrogen receptor-negative (er–) disease has a higher early
relapse and mortality risk and a lower late risk than er+ disease. After 15 years the two curves approximate one another. Figure is reproduced, with permission, from ReF. 49 © (2005) elsevier.
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compared with the rate in patients receiving
1 year of antiErbb2 therapy at any time after
diagnosis. The effect of 1 year of lapatinib
treatment on the ongoing subsequent relapse
risk from dormant metastases will be assessed.
The analysis will determine the effect depend
ing on whether lapatinib treatment was started
within the first year from diagnosis, between
1 and 4 years from diagnosis, or more than
4 years from diagnosis. Primary tumour
analyses, including prognostic and predictive
gene signatures, as well as host pharmaco
genomic signatures, are being planned.
additionally, proteomic analyses from plasma
samples taken from the diagnosis of the trial
participants and during the 10 years of
followup of all participants are being planned.
ultralate recurrences of cutaneous
melanoma are also known to occur 60. To
address clinical dormancy in this disease, a
trial of interferonα (IFNα) therapy or no
further therapy following completely excised
stage II, stage III or recurrent melanoma was

initiated in 1995. The trial aimed to deter
mine the overall effects of adjuvant lowdose
extendedduration IFNα therapy on disease
free and overall survival and to determine
whether there is any correlation with patient
age or sex. unfortunately, although launched
in 1995, the trial has not reached its original
accrual goal and is no longer actively recruit
ing patients, underscoring the difficulties
in studying late tumour recurrences in
clinical trials.
Strategies that have been considered in
prostate and ovarian cancer include ran
domizing patients who are clinically free
of recurrent disease but who have rising
prostatespecific antigen (PSa) or Ca 125
serum tumour markers (and possibly mark
ers of dormant tumours becoming clini
cally active) to different treatments. Studies
have demonstrated that T cellmediated
immunity is an important component in
the regulation of tumour dormancy and
that there is a role for Cd8+ T cells through
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the endogenous production of IFNγ, in
collaboration with humoral immunity, to
both induce and maintain a state of tumour
dormancy 61; mechanisms of regulation of
tumour dormancy are also being further
clarified62. Therefore, vaccines are considered
a potential mechanism for inhibiting cells
from emerging from dormancy, although
the possible roles for immune components
in regulating dormancy are not thoroughly
understood63. Other potential immune mod
ulatory approaches that could be applied dur
ing periods of putative clinical dormancy are
being considered. For example, lenalidomide,
an analogue of thalidomide, induces apop
tosis in cancer cells through the activation of
natural killer cells, and its effects on markers
of the immune response, which could be
predictive of response to therapy, are being
studied in cancer patients 64.
Risks and benefits of long-term therapy
The decision to use prolonged chronic
adjuvant anticancer therapies to prevent
recurrences has to be viewed in the context
of benefit versus risk to the patient and cost
to the health care system65,66. The number
needed to treat (NNTT) to benefit one
patient is a way of expressing cost versus
benefit and has been used in several disease
settings. The NCIC CTG Ma17 trial showed
that the NNTT was 37 for node– patients
and 12 for node+ patients. These numbers
are highly competitive compared with anti
hypertensive treatment or lipidlowering
agents, which are commonly prescribed.
Interestingly, in the NCIC CTG Ma17 trial,
menopausallike symptoms were generally
mild and quality of life was well maintained67.
This reflects the general likelihood that
extended therapies will be well tolerated in
patients who have survived longer disease
free and have frequently tolerated prior
therapy well. However, more serious organ
toxicities, such as increasing numbers of
fragility fractures in women treated with pro
longed oestrogen synthesis inhibition, have
to be weighed into decision making when
considering extended therapy administra
tion. Ways to improve the NNTT for both
extended aromatase inhibitors and for late
extended antiErbb2 therapy in the TEaCH
trial are underway. These include primary
tumour signatures and pharmacogenomic
host signatures to assist in the selection of
patients at risk for recurrence of cancer or
for specific toxicities. The potential of this
personalized medicine approach is likely to
improve the cost effectiveness of treatments
that are aimed at clinical dormancy in solid
tumour malignancy.
vOLuME 10 | dECEMbEr 2010 | 875
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after 5 years of prior tamoxifen treatment, which was given to prevent recurrences in early stage breast
cancer. The ongoing MA17r trial further explores the effects of later systemic therapy on the risk of late
(dormant) recurrences. b | schema of the Tykerb evaluation After chemotherapy (TeAcH) trial of chronic
anti-erBB2 therapy. The TeAcH trial will determine the pattern of chronic late relapses after initial
diagnosis in early stage erBB2-positive (erBB2+) breast cancer. in this trial, the event rate over time in
patients not treated with anti-erBB2 therapy will be compared with the rate in patients receiving 1 year
of anti-erBB2 therapy at any time after diagnosis, treatment of the primary tumour and completion of
standard adjuvant chemotherapy. This trial will also determine the benefit/cost ratio of using lapatinib
treatment, given across a range of time periods from primary diagnosis, as indicated by the dashed
arrow. cMF, cyclophosphamide, methotrexate and 5-fluorouracil; er, oestrogen receptor.

Conclusions and unanswered questions
Identifying the mechanisms of tumour dor
mancy, those at risk of recurrence and thera
peutic interventions to prevent recurrences,
are imperatives in cancer treatment research.
The design of clinical trials to address tumour
dormancy is challenging. Findings from
the NCIC CTG Ma17 clinical trial in Er+
breast cancer are a paradigm for investigat
ing the role of chronic systemic therapy for
chronic relapsing cancer. This trial has also
demonstrated that the late introduction of
such therapy in patients with what seems
to be ongoing tumour dormancy can also
be beneficial. The TEaCH trial is another
important proofofconcept trial that is look
ing at the natural history of dormancy in a
more aggressive subtype of breast cancer and
exploring the role of antiErbb2 therapy late
in followup. In both trials tumour and host
pharmacogenomic signatures are underway
to identify those at risk and thus those who
should be targeted for treatment. Similarly,
those most at risk of serious toxicities can
also avoid therapy, and in this way the cost/
benefit ratio can be improved considerably.
as discussed above, the stimuli for triggering
the regrowth of dormant micrometastases are
unclear. The initiation of angiogenesis, the
availability of growthpromoting factors from
increases in bone turnover or variations in
immune modulation over time suggest that
the timing of inhibitors of tumour regrowth
may not necessarily require constant therapy
from the time of diagnosis onwards, as is
currently practised. Indeed such trials may
render spuriously negative results. delivering
systemic therapy over a range of time periods,
as was the case in the NCIC CTG Ma17 and

TEaCH trials, may help to discern whether
changing variables over time are important.
an obstacle that we have encountered with
this approach, however, is the difficulty of
obtaining regulatory approval for therapies
not given as upfront adjuvant treatment.
We need a better method for catalogu
ing the occurrence and nature of subclinical
micrometastatic disease in patients, and
better understanding about the organs in
which these cells reside. do all patients, most
patients or many patients harbour dormant
cells? Preclinical data suggest that there might
be dormant cells in organs that are unlikely
to support the growth of metastases, which
is consistent with, for example, the detec
tion of cancer cells in the bone marrow of
patients with colorectal cancer, as metastases
rarely develop at this site68,69, as well as those
in which metastases more commonly arise.
Furthermore, is there information about the
tumour or patient at initial diagnosis that can
predict which patients will and which patients
will not develop late metastases after a period
of dormancy? Or is the reawakening of
dormant cells more dependent on life events
that occur subsequent to primary cancer
treatment (such as diet, surgery and immune
suppression)? In other words, what propor
tion of late recurrences is destined to occur
compared with the proportion that may or
may not occur depending on factors that hap
pen after treatment of the primary tumour?
Much more remains to be learned about
the biology of dormancy and reawakening,
in order to better decide who will benefit
from treatment that is targeted to dormant
cancer. In the meantime, longterm therapy,
particularly for hormoneresponsive breast
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cancer, is becoming standard of care, and
the benefit for a small proportion of women
who are at risk for late recurrences must be
balanced against the risks of side effects from
longterm treatment. biomarkers, including
those mentioned above that have been identi
fied as being related to dormancy or escape
from dormancy, such as Notch signalling and
angiogenic switching, need to be more clearly
studied in patients before rational clinical
trials can be designed.
recent data with the antiangiogenesis
inhibitor bevacizumab established benefit
in the advanced disease setting 70. However,
no benefit was shown when bevacizumab
was given as 1 year of adjuvant therapy in
early stage disease71,72. These results in early
stage disease seem to contradict the results
in preclinical models, but the selection of
specific patients or the precise timing of
antiangiogenic therapy might be needed to
demonstrate benefit.
In summary, there remains a disconnec
tion between identifying dormant metastases
and their biology and the design of appro
priate clinical trials. Novel imaging tech
niques that can detect dormant tumours or
the harvesting of circulating tumour cells,
bone marrow cells and other metastatic
biopsy sites of disease should allow the
evaluation of putative biological markers
or pathways such as the two MaPK signal
ling pathways — the ErK and p38 pathways
— and the uPar and fibronectin interac
tions mentioned above, and thereby identify
novel targets and agents for addressing
dormant cells.
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