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Abstract | The oligometastatic paradigm implies that patients who develop a small
number of metastatic lesions might achieve long-term survival if all these lesions
are ablated with surgery or stereotactic radiotherapy. Clinical data indicate that the
number of patients with oligometastatic disease receiving aggressive treatment is
increasing rapidly. We examine the key evidence supporting or refuting the existence
of an oligometastatic state. Numerous single-arm studies suggest that long-term
survival is ‘better-than-expected’ after ablative treatment. However, the few studies with
adequate controls raise the possibility that this long-term survival might not be due to
the treatments themselves, but rather to the selection of patients based on favourable
inclusion criteria. Furthermore, ablative treatments carry a risk of harming healthy
tissue, yet the risk–benefit ratio cannot be quantified if the benefits are unmeasured.
If the strategy of treating oligometastases is to gain widespread acceptance as routine
clinical practice, there should be stronger evidence supporting its efficacy.
Palma, D. A. et al. Nat. Rev. Clin. Oncol. 11, 549–557 (2014); published online 24 June 2014;
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Introduction

A long-standing paradigm in oncology
dictates that patients who develop distant
metastasis from solid tumours cannot
achieve long-term survival or cure, and
such patients are best served with palliative-
intent treatments. However, anecdotal evidence from the 1930s suggested that this
paradigm may not be universally true: in
selected cases, survival beyond 5 years was
reported after resection of metastatic depo
sits.1,2 By the 1960s, it was established that
long-term survival for patients with limited
metastatic burden was associated with indolent tumour behaviour, manifested by a long
disease-free interval between presentation
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of the primary tumour and development of
metastases, a limited number of metastatic
sites, and favourable tumour histology.3
The term ‘oligometastasis’ was coined in
1995,4 as a corollary to the spectrum theory
of cancer development. 5 The spectrum
theory, described for breast cancer in 1994,
states that at the time of initial presentation,
cancer can comprise a biological spectrum:
at one extreme, some cancers remain a local
disease throughout their natural history and
never metastasize; at the other extreme,
some are widely metastatic at the outset,
and many cancers exhibit behaviour that is
intermediate between these two states, with
clonal evolution conferring varying degrees
of metastatic potential.5 One such inter
mediate is the oligometastatic state, that of
patients who develop only a limited number
of metastatic deposits, and whose disease
does not seem to progress to a widespread
distribution of cancer.4
The oligometastatic state presents a
novel therapeutic opportunity: if all metastatic lesions can be ablated, then in theory
the patient can be cured. This paradigm
has become attractive for physicians and
patients: clinical data indicate that the
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ablative local treatment of oligometastases
is becoming increasingly common. 6,7 In
the UK, the rate of hepatic metastatectomy
in patients who had a primary colorectal
cancer (CRC) resected increased from 1.7%
in 1998 to 3.8% in 2004.6 The use of stereotactic radiotherapy (known in various forms
as stereotactic ablative radiotherapy [SABR],
stereotactic body radiotherapy, or radiosurgery) for metastases has increased even
more markedly. Survey data from the USA
indicate that the percentage of radiation
oncologists offering ablative radiotherapy
for spinal tumours as part of their practice
(in distinction to standard palliative lowerdose radiotherapy) increased from <5% in
2000 to nearly 40% in 2010.7
In the era of comparative effectiveness
research, with increasing pressures on
healthcare costs, it is prudent to ask whether
such treatment is justified: does the ablation
of metastatic deposits with local therapies
such as surgery or radiotherapy improve
survival, or quality of life, in our patients?
This Perspectives article discusses randomized and nonrandomized data that support
the existence of an oligometastatic state, but
will also highlight data casting doubt on
the existence of a true oligometastatic state
for many patients. It also describes possi
ble biases in studies reporting on patients
with oligometastases, and reviews areas of
current and future research.

The oligometastatic state

Systemic therapy is the standard of care for
most patients with metastatic cancer, and
although chemotherapy can improve survival in some situations,8 it is rarely curative for solid tumours. With the exception
of patients with very sensitive histologies
—such as those with germ-cell tumours—
nearly all patients develop subsequent dis
ease progression and die of the disease.9,10
Although the development of targeted thera
pies has improved response rates for some
patients, disease progression within 1 year
following treatment is still common in most
patients.11–15 The lack of effective alternatives to systemic therapy has led to the
exploration of metastasis-directed ablative
therapies, such as surgery, SABR, or radiofrequency ablation (RFA). These treatments,
which seem to differ in efficacy and toxicity,
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Box 1 | Key terms in the oligometastatic paradigm
Oligometastatic
A malignancy that has progressed to a limited number of haematogenous metastases, defined
in most studies as 1–3 or 1–5 metastatic lesions.
Synchronous oligometastasis
A clinical scenario in which oligometastatic disease is detected at the time of diagnosis of the
primary tumour.111
Metachronous oligometastasis
The development of oligometastatic disease after treatment of the primary tumour. The interval
for classification of ‘metachronous’ versus ‘synchronous’ is not standardized. 111
Oligorecurrence
Oligometastasis in the setting of a controlled primary tumour.111
Oligoprogression
Progression of a limited number of metastatic deposits, while all other metastases are
controlled with systemic therapy.
Ablative therapy
A term that includes surgical resection, stereotactic radiotherapy, radiofrequency ablation,
although these might differ in efficacy and toxicity profiles.
Immortal time bias
This bias arises when a study includes a span of follow-up time during which an outcome
(death) could not occur for patients included in the study.75,76 Immortal time is also known
as a ‘death-free interval’.
‘All-or-none’ criteria
In evidence-based medicine, a situation where all patients died without an intervention, but with
the intervention some patients survive.77

have been used in the attempt to improve
overall survival, or alternatively to delay
disease progression, avoid the need for systemic therapies, or reduce tumour burden.
In patients who truly have oligometastatic
disease, in theory, subsequent disease progression should not occur, and if it does, it
may only occur in a few locations (termed
‘oligoprogression’, Box 1), which could be
treated with ablative therapies.

Evidence from randomized trials
The most robust testing of ablative metastasis-
directed therapy has occurred in patients
with limited intracranial metastases, againstwhich systemic therapy has traditionally
had limited effectiveness.16 Randomized
studies have demonstrated that surgery or
stereotactic radiation can improve survival
when added to whole-brain radiotherapy
(WBRT). For patients with a single brain
metastasis, the addition of surgical resection
to WBRT improved median overall survival from 15 weeks to 40 weeks (P <0.01).17
Similarly, the use of radiosurgery in addition to WBRT improved median overall
survival from 4.9 months to 6.5 months
(P = 0.0393). 18 These interventions also
improved or maintained performance status
and allowed patients to be functionally
independent for a longer time. As such, for
patients with ‘mono-metastatic’ disease to
the brain, ablative treatment is clearly indicated to improve survival. In patients with
550 | SEPTEMBER 2014 | VOLUME 11

two to three brain metastases, differences in
overall survival were not as evident, although
other outcomes were improved, such as rates
of neurological death.18
Randomized evidence also exists for surgical resection of metastases causing epidural
spinal cord compression (ESCC), although
not solely in patients with oligometastases.19
In a randomized study of 101 patients with
ESCC, circumferential surgical decompression combined with radiotherapy for patients
with ESCC significantly improved overall
survival, with a median survival of 126 days
in the surgical group versus 100 days in the
radiotherapy group, P = 0.033.19 Surgical
decompression also resulted in maintenance
of continence (156 days versus 17 days;
P = 0.016), higher likelihood to walk after
treatment (84% versus 57%; P = 0.001)
and longer duration of the ability to walk
(122 days versus 13 days; P ≤0.003). In this
trial, from a quality-of-life perspective,
the patients treated with surgery were less
likely to need corticosteroids and opioid
analgesia. The mechanism of improved
survival from these interventions is likely
multifactorial; not only from the reduction
of tumour burden, but also from associated consequences of immobility and pain,
which can in turn cause morbidity and mortality. Although this study was not limited
to patients with oligometastases, it is clear
that appropriate patients—defined in the
trial as patients with ESCC at a single area



of one or more contiguous vertebrae as seen
on MRI, and a short duration of paraplegia
among other factors—who have ESCC and
oligometastatic disease should receive surgical decompression in addition to palliative
radiotherapy, although whether such patients
can achieve long disease-free intervals
thereafter is not certain.

Compelling nonrandomized evidence
Outside of the central nervous system,
limited randomized evidence exists to guide
therapeutic decisions for patients with
oligometastases.20–23 In general, practice patterns are guided by large single-institution
or pooled experiences demonstrating
‘better-than-expected’ survival.
For selected patients with pulmonary
metastases, data from the International
Registry of Lung Metastases demonstrated
that long-term survival can occur after
metastectomy.24 The Registry enrolled 5,206
patients who had lung metastectomy performed between 1945 and 1995 at any of the
18 institutions worldwide included in
the study, mostly from epithelial cancers
(43%) or sarcomas (42%). The 30-day mortality after metastectomy was 1.8%. Overall
survival was 36% at 5 years, 26% at 10 years,
and 22% at 15 years. In patients with the best
prognosis—defined as those with a single
resectable metastasis with a disease-free
interval of ≥36 months since the initial
diagnosis—10-year survival was 34%. 24
Similarly, long-term survival after hepatic
metastectomy for CRC was well-recognized
by the 1980s,25 with 5‑year overall survival
rates approaching 50% in the best-selected
patients.26 In patients with less-favourable
risk factors, 5-year survival was approximately 15%.26 Subsequent debate ensued
regarding the need for a randomized trial
to prove the benefit of metastatectomy, but
ultimately a randomized trial was never
done, in part due to a loss of equipoise on
the part of many, but not all, investigators.20
As nonrandomized evidence has indicated, long-term survival can also occur after
resection of metastases from other tumour
histologies and organs, including adrenal
metastectomy for non-small-cell lung cancer
(NSCLC; 25% 5-year overall survival),27
hepatic metastectomy for breast cancer (22%
5-year overall survival),28 oligometastases to
multiple organs from CRC (5-year diseasespecific survival of 31%),29 and pulmonary
metastectomy for osteosarcoma in children
(10-year overall survival of 24%).30 These
promising survival figures have led to the
integration of metastasectomy as acceptable
www.nature.com/nrclinonc
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care for specific clinical scenarios, as
reflected in current guideline statements.31,32
As an alternative to surgical resection,
SABR has been increasingly integrated into
the care of patients with oligometastasis
(Figure 1).7,33 Phase I/II studies have shown
that these radiation techniques are technically feasible for patients with metastases
in the lung,34 liver,35 spine,36 or at multiple
organ sites,37,38 with the large majority of
treated metastasis (70–90% in many series)
achieving local control. Additionally, these
techniques have been used for large-volume
metastases (that is, >50 cc) with appropriate control and limited toxicity.39 SABR has
been shown to be effective at achieving local
control in numerous histological subtypes,
including breast cancer,40 NSCLC, 41 and
colon cancer,42 along with relatively radio
resistant histologies, such as sarcoma,43 renal
cell carcinoma (RCC),44 and melanoma.45
How well do these data support the existence of an oligometastatic state? It seems
that certain patients have long-term diseasefree intervals following metastasis-directed
intervention for their limited metastatic
disease.24,26 Additionally, patterns of disease
progression following metastasis-directed
radiation have demonstrated that, for some
patients, disease progression is limited in
number and destination organ,37,46 which is
consistent with the oligometastatic hypothesis.37 Furthermore, data from studies of
both surgery 24 and radiation47 suggest that
a subgroup of patients who have disease
progression at additional sites can be treated
with a second metastasis-directed therapy,
consistent with the oligometastatic hypothesis and the idea that not all patients with
metastatic cancer will have widespread
disease progression.
Beyond long-term survival, ablative treatment of metastatic disease can have other
important benefits, such as deferring initiation of systemic therapy. The use of radiation
to all known sites of disease in patients with
limited metastatic RCC was associated with a
median 15-month delay in the initiation of
systemic therapies, effectively serving as
another line of therapy for some patients, and
postponing systemic side effects.44 Prolonged
systemic chemotherapy, or the use of successive lines of chemotherapy, can be associated
with cumulative toxic effects or negatively
impact quality of life.48–50 At present, the role
of adjuvant chemotherapy after ablation of
oligometastases is unclear. Peri-operative
chemotherapy improves progression-free
survival in metastasis from CRC,51 but data
for most other disease sites are lacking.

3,000

Figure 1 | Long-term survival after ablation of oligometastases. a | A 73-year-old man presented
with a locally advanced adenocarcinoma of the sigmoid colon with a synchronous right upper lobe
pulmonary nodule. After resection of the primary tumour, the lung nodule grew to 2.3 cm and was
resected. Pathology revealed adenocarcinoma consistent with colorectal origin. b | A recurrence
was detected 1 year later along the staple line, with a new metastatic lesion in the contralateral lung
(PET/CT). c | Both lesions were treated with stereotactic ablative radiotherapy (dose scale indicated
at the left). d | After 3 years, imaging showed only fibrotic changes with no new metastases.

In rare cases, radiation to one metastatic site can have an abscopal effect on
other metastases,52 although mechanisms
underlying this effect are poorly understood at present. The abscopal effect refers
to an antitumour action, likely immune-
mediated, that occurs at a distance from the
treated volume, and has been described after
radiotherapy, hyperthermia, or surgery.53
The abscopal effect has been noted for
several histological subtypes including
RCC, melanoma, breast cancer, and hepato
cellular carcin oma. 54 Preclinical mouse
models support the premise of induction
of antitumour immunity by radiotherapy
delivered in large fraction sizes,55 a response
that is enhanced when radiotherapy is combined with an antibody against the cyto
toxic T-lymphocyte antigen 4 (CTLA‑4)56
or other immunotherapies.55 CTLA‑4 signalling inhibits the activation of T cells,
and this inhibition can be suppressed using
CTLA‑4 blockade.57 Case reports of drama
tic abscopal effects in patients receiving
radiotherapy with ipilimumab, an antiCTLA‑4 antibody, have been published.52,58
In one such report, a patient with melanoma who had disease progression after
14 months of treatment with ipiliumumab
received palliative radiotherapy to a paraspinal lesion. Within 6 months thereafter
and while continuing treatment with ipilimumab, several other non-irradiated meta
static lesions regressed, with resolution
of several such lesions.52 The combination of
SABR with ipilimumab for oligometastatic
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melanoma is currently being investigated in
a single-arm phase II trial.59

Reasonable doubts

As described above, most clinical data supporting the oligometastatic state rely on
non-controlled, single-arm, observational
studies. Although such results might seem
to be ‘better-than-expected’ for metasta
tic disease, relying on observational data
alone can lead to the erroneous adoption of
new techniques.

A historical lesson
The use of high-dose chemotherapy (HDC)
followed by haematopoetic stem-cell transplantation (HSCT) for breast cancer was pioneered in the 1970s and became a common
treatment in the USA and Europe by the
1990s.60,61 HDC–HSCT was initially used to
treat metastatic disease, but over time indications expanded to included stage II and
stage III disease. Although the treatment was
toxic and costly (median >US$88,000 at the
time),62 outcomes seemed to be good. Initial
reports described remarkable improvements
in response rates: one phase II study demonstrated a 3‑year event-free survival of 72% in
patients with high-risk breast cancer (a 40%
improvement compared with historical controls), and other single-arm studies reported
similar encouraging results.62,63 Outcomes
with conventional chemotherapy for metastatic disease were dismal in comparison,
with fewer than 5% of patients expected to
be alive and cancer free by 5 years.64
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Figure 2 | Types of immortal time bias. Both ‘misclassified immortal time’ and ‘excluded
immortal time’ lead to a bias in favour of the treated group. Adapted from Levesque et al.75
BMJ 340, b5087 (2010).

Many stakeholders argued for randomized trials, citing concerns about patient
selection and other biases in the observational data, but for others equipoise was
lost, with the suggestion that, in light of the
observational data, it would be unethical
to subject patients to randomization.65 In a
1989 survey, nearly 80% of oncologists indicated that HDC–HSCT was appropriate for
a 28-year-old woman with inflammatory
breast cancer.66 Rates of HDC–HSCT use
for breast cancer increased nearly 10-fold
in the USA and Europe by the late 1990s.60,65
It is estimated that over 40,000 women
received HDC–HSCT, with only a small
minority treated on a clinical trial. 60,65,66
Treatment-related mortality was initially
high (around 20%), although it declined to
around 2% with experience.63,64
Despite a lack of equipoise from some
investigators, randomized trials were ultimately completed, and demonstrated that
HDC–HSCT did not improve survival.
The ‘better-than-expected’ observational
outcomes were merely due to patient selection and other biases.68 HDC–HSCT was
ultimately abandoned,60,61 and in hindsight
described as “a classic example of how not
to turn research into practice.”67

Survival without ablative treatment
Although most studies reporting outcomes
for patients with oligometastatic disease
are single-arm reports, a small number
of studies include adequate controls and
indicate that good long-term outcomes
are achieved for patients with oligometastases in the absence of aggressive
metastasis‑directed treatment.
In 1980, Swedish investigators published
survival outcomes for 82 patients who presented with pulmonary metastases from
primary tumours that were controlled
by treatment, and were candidates for
pulmonary resection.69 Of the 82 patients,
552 | SEPTEMBER 2014 | VOLUME 11

70 underwent metastatectomy and 12 did
not, for reasons including patient preferences and institutional practice at that time.
Survival was ascertained using a population
registry and medical charts. The two groups
(metastectomy and controls) did not differ
in their overall survival outcomes, with
5‑year overall survival rates of 31% in the
resected patients and 25% in the control
arm. The authors suggested that patients
who meet the criteria for metastectomy
(defined in the study as patients with a
curatively-treated primary tumour, no nonpulmonary metastases, involvement of only
one lung, and adequate fitness for surgery),
have a benign tumour–host relationship,
and that randomized trials are needed to
prove the benefits of metastectomy.69
Further insight into the natural history of
oligometastatic disease is provided by the
European Organisation for the Research and
Treatment of Cancer (EORTC) randomized
trial 40004, that evaluated RFA for metastases from CRC.70 Patients with unresectable
liver metastases from CRC were eligible
if they had no extrahepatic disease and
all lesions could be treated with RFA; 119
patients were randomly assigned to receive
either RFA plus systemic treatment, or systemic therapy alone. Although RFA achieved
an improvement in progression-free survival
(PFS; P = 0.02), there was no difference in
overall survival, confirming that patients
with oligometastatic disease treated with
chemotherapy alone have good long-term
survival: 30-month overall survival was
61% in the experimental arm and 56% and
the control arm (P = 0.22). However, the
ability of this trial to detect a difference in
overall survival is limited by two important
factors. First, there was some unintended
cross-over: of the 59 patients randomly
assigned to receive systemic therapy alone,
eight underwent surgical resection (including two who also received RFA) during or



after chemotherapy. Second, this phase II
trial may have been underpowered to detect
small differences in outcomes between the
two arms.
A third study 71,72 used mathematical
modelling to estimate survival among CRC
patients in a large cancer registry, who were
similar to patients included in two prior
studies of pulmonary metastasectomy.73,74
The modelling accounted for an important
phenomenon called immortal time bias
(Figure 2).75 ‘Immortal time’ is a period of
follow-up during which an event (death)
cannot occur, based on the inclusion criteria
for a study. Among patients undergoing
metastasectomy, there has usually been a
period of time after resection of the primary
tumour before the pulmonary metastases
are evident, and a further period of time
during which the patient is evaluated for
metastasectomy. Comparing survival in
these patients with survival in patients who
did not undergo pulmonary metastasectomy after primary resection introduces this
bias. If a patient were to die prior to metastectomy, they would no longer be included
in the metastectomy cohort. Even if this
immortal time is simply excluded from
the analysis (that is, follow-up starts at the
date of metastectomy), the bias still exists as
‘excluded immortal time’.76 In the modelling
study, after accounting for immortal time
bias and primary cancer stage, patients
who do not undergo metastectomy have
a 5‑year overall survival of approximately
50%, similar to the overall survival reported
after metastectomy.71,72

The phenomenon of 10-year survivors
The presence of a small number of 10-year
survivors after ablative treatment of oligometastases is often cited as proof of efficacy,
with the assumption that there would be no
such survivors without aggressive treatment. This ‘all-or-none’ argument can be
used to provide a high-level of evidence
(all-or-none case series are rated as level 1c
according to the Centre for Evidence
Based Medicine).77 The all-or-none princi
ple would apply in situations in which all
patients would die of the disease before a
new treatment was implemented, whereas
after the implementation of the treatment,
some patients survived.
Although it is uncommon, a small minority of patients who present with metastatic
disease remain alive for over a decade with
out ablative treatments for their metastasis.
Two studies from the MD Anderson Cancer
Center (Houston, Texas) provide insight
www.nature.com/nrclinonc
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into long-term survivors after treatment
with chemotherapy alone. In a study of
1,581 women with metastatic breast cancer
who received chemot herapy, a subs et of
263 achieved a complete response. For those
patients achieving a complete response,
overall survival at 10 years and 20 years
was approximately 20% and 7%, respectively.78 In a large cohort of 2,500 patients
with stage IV CRC, five long-term survivors
remained alive and in complete remission
at the last follow-up beyond 10 years. 79
Reports of patients surviving beyond
10-years after chemotherapy alone exist
for NSCLC as well, although this outcome
is rare (<1%) in an unselected cohort of
patients.80 The presence of these long-term
survivors suggests that the criteria for an
‘all-or-none’ phenomenon is not met, and
that an appreciable proportion of highly
selected patients with oligometas tases
would be alive at 10 years with systemic
therapy only.

Is treatment a double-edged sword?
The treatment of oligometastases with
ablative therapy might seem relatively safe,
compared with the early experiences of
HDC–HSCT, but there are still attendant
risks of death, serious toxicity, or impairment in quality of life. Resection of liver
metastases has an estimated mortality risk
of 5%, 81 and 30-day mortality following
resection of pulmonary metastases ranges
from 0–2.5%.82 For SABR, 30-day mortal
ity is less common than after surgery (likely
<1%), with grade 3 or 4 toxic effects often
reported in <10% of patients, but deaths can
occur.83–87 In the EORTC 40004 random
ized trial that examined RFA in patients
with unresectable liver metastases from
CRC, those patients randomly assigned
to RFA sustained a transient, but substantial, 27-point decrease in quality of life
and did not gain any survival benefit in
return.70 Aggressive treatment has further
downsides: the additional cost is not wellquantified, and without a good estimate of
the true benefits, accurate cost-utility analy
ses are difficult. Furthermore, unrealistic
expectations of cure might delay transition
to palliative care; in some cases, palliative
care itself can improve survival.88
Mission creep
Recent evidence suggests that even though
ablative treatment for oligometastases is
becoming more common, selection of
patients for such treatments continues to
be suboptimal. In the setting of pulmonary
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Figure 3 | Oligometastatic disease as the tip of the iceberg. a | A 63-year-old man presented
with a solitary metastasis in the T12 vertebral body (PET/CT). b | Image of PET/CT scan
7 months after chemoradiotherapy for a locally advanced nasopharyngeal carcinoma. There
was no residual locoregional disease. He was treated with stereotactic ablative radiotherapy
to the T12 lesion (dose scale at left). c | After 1 month, he presented with new, diffuse bone
pain and the CT scan demonstrated innumerable metastatic deposits throughout the skeleton
and viscera. He was treated with palliative chemotherapy, but ultimately died 6 months later.

oligometastases, survival after metastec
tomy is best in the context of a single,
resectable metastasis, when the diseasefree interval is >3 years.89 However, many
patients considered for treatment do not
meet these criteria. In an European survey,
the following scenarios were deemed ‘not
a contraindication to surgery’ by most
surgeons: multiple metastases, bilateral
metastases, previous pulmonary metastases,
synchronous metastases (that is, no diseasefree interval), and age >70 years. A minority of surgeons (13%) did not regard the
requirement for a pneumon ectomy as a
contraindication.90 In a Spanish prospective
registry of 543 patients undergoing pulmo
nary metastatectomy for CRC, 13% had
four or more lung metastases resected, and
8% had extrapulmonary metastatic disease
present at the time of metastectomy.91 In
the setting of brain metastasis, although the
benefits of stereotactic radiation are most
apparent in patients with ‘mono-metastatic’
disease, larger numbers of metastases are
being treated in clinical practice. A recent
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study retrospectively reviewed outcomes in
patients with >10 metastases treated with
radiosurgery (range 10–34 metastases) and
found a median time to additional brain
metastasis of only 3 months.92

The tip of the iceberg
It is likely that most patients who are charac
terized as having ‘oligometastatic’ disease
actually harbour undetectable micro
metastases at the time of treatment that
will likely cause future disease progression (Figure 3). In a study of SABR for 1–5
metastasis at multiple organ sites, 30–40%
patients had disease progression within
3 months of treatment, and approximately
80% had progression by 2 years. 84 In a
pooled analysis of two randomized trials
that assessed the benefit of systemic chemo
therapy (5-fluorouracil and leucovorin)
versus observation after resection of liver
metastases from CRC, the 5-year diseasefree survival rate for patients assigned to
observation alone was only 28%, suggest
ing that occult metastas es are present
VOLUME 11 | SEPTEMBER 2014 | 553
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in most cases at the time of surgery.93 In
this pooled analysis, the addition of peri
operative chemotherapy improved both
PFS [HR 1.39 for surgery alone; P = 0.026]
and overall survival [HR for surgery alone
1.39; P = 0.046], confirming the risk of
occult micrometastases.
Better predictive and prognostic biomarkers are urgently required to determine
which patients harbour micrometastases
that will progress and render the treatment
futile. Most prognostic scales merely use
surrogates for aggressive cancer biology:
for example, survival after hepatic metastatectomy for CRC is based on tumour grade,
initial nodal status, tumour number, size,
margin status of the hepatic metastases,
CEA level, and the presence of extrahepatic
disease; median survival post-operatively
ranges from 0.7–7.5 years depending on
these factors.94 Similar scoring systems have
been developed for pulmonary metasta
ses. 24,95 Novel biomarkers are urgently
needed and are currently under investigation (including circulating tumour cells)
and, recently, microRNA expression profiles have demonstrated initial promise
for distinguishing patients with true oligo
metastases from those with polymetastatic
disease.96,97 One microRNA study stratified
patients with resected pulmonary oligo
metastases into subgroups, based on a
high-risk versus a low-risk of further metastatic progression. Differential microRNA
expression patterns were identified between
these two groups and, in an independent
dataset, such expression patterns were
strongly associated with risk of progression
and decreased overall survival.97 Ongoing
prospective studies that include blood and
tissue samples are required to develop
and validate new predictive and prognostic
factors. Such data might provide important guidance regarding patient selection,
in terms of histology, volume of metastatic
burden, and optimal ablative modality.
Many studies that have examined ablative treatments include multiple tumour
histologies.17,37,89,98 However, important differences likely exist between histologies that
determine potential curability and tumour
behaviour in an oligometastatic setting,
and it is unknown whether such differences differ in the oligometastatic setting
in comparison to patients with widespread
metastatic disease. For patients under
going pulmonary metastatectomy, germcell tumours are associated with the most
favourable outcomes, and melanoma are
associated with the worst outcomes.89 This
554 | SEPTEMBER 2014 | VOLUME 11

finding might be related to chemotherapy
sensitivity. For chemotherapy-s ensitive
tumours such as germ-cell tumours, systemic agents may kill occult micrometastatic
deposits that are not targeted by ablative therapies, whereas in chemotherapy-
resistant tumours, such occult deposits may
not be controllable with systemic agents.
Even within similar histological subtypes,
individual gene signatures can predict the
propensity for developing oligometastatic
disease.99 For example, in a study of resected
lung metastases from 18 patients with
oligometastatic clear-cell RCC, expression
of genes related to angiogenesis, adhesion,
and cell migration is correlated with the
prior disease-free interval, and expression
of genes related to cell division and cell cycle
progression was correlated with the overall
number of oligometastatic lesions, indicating substantial variability within one histological subtype.99 Anatomic factors, such
as preferential drainage of CRC to the liver
before entering systemic circulation, can
also have a role.
The optimal integration of systemic
therapy in the setting of ablative therapies to address micrometastases requires
further study. The ideal timing of chemotherapy relative to ablative radiotherapy is
a subject of ongoing investigation. Theo
retically, according to the Norton–Simon
hypothesis, the use of SABR or surgery to
reduce tumour burden renders any remaining tumour cells more sensitive to systemic
therapy. 100 However, tumour response
assessment after ablative treatments, particularly SABR, can be challenging,101 and
in some cases post-treatment fibrosis can
be mistaken for disease progression,102 confounding the assessment of chemotherapy
efficacy. The role of molecularly targeted
agents also remains to be defined. To date,
a phase I–II study has demonstrated that
37.5 mg daily sunitinib given with SABR
(to a dose of up to 50 Gy in 10 fractions) for
patients with oligometastatic disease might
be a promising treatment approach, with
1‑year local control and overall survival of
85% and 75% respectively.103 Patients with
a limited number of metastatic sites who
experience disease progression (‘oligo
progression’) following molecularly targeted therapy, might benefit from ablative
therapies that prolong disease control, such
as SABR.104

Barriers to accrual

At least four ongoing randomized studies
are assessing the value of ablative treatment



in patients with oligometastatic disease.
In extensive-stage small-cell lung cancer,
the RTOG 0937 trial is randomly assigning patients with one to four metastases
after chemotherapy to prophylactic cranial
irradiation (PCI) alone or PCI plus radiation to all sites of disease (target accrual
of 154 patients).105 In NSCLC, a randomized phase II trial is assigning patients
with one to three metastases after chemo
therapy to either local consolidative therapy
(surgery or radiotherapy to all sites of
disease), or no local consolidative therapy
(target accrual 94).106
In CRC, the Pulmonary Metastasectomy
in Colorectal Cancer (PulMiCC) trial is
randomly assigning patients with pulmonary oligometastases to metastectomy
or active monitoring.107 PulMiCC uses a
unique two-stage consent process. With
the first consent, patients agree to enter the
study, then they are fully staged and their
case is discussed by the multidisciplinary
tumour board. If the board decides that
there is uncertainty as to whether the
patient would benefit from metastectomy,
then the patient is offered randomization.
The second consent is the agreement to
be randomly assigned to either treatment
group (with target accrual of 80 patients).
Patients with oligometastatic disease with
a controlled primary solid tumour (also
known as ‘oligo-recurrence’) with one to five
oligometastases will be randomly assigned
to either standard-of-care palliative chemo
therapy and/or radiotherapy versus SABR
to all sites of disease in the phase II trial
Stereotactic Ablative Radiotherapy for
the Comprehensive Treatment of Oligo
metastatic Disease (SABR-COMET; target
accrual of 99 patients).98
In some cases accrual can be difficult;
two recent randomized phase II trials for
oligometastatic NSCLC closed due to poor
enrolment. 108,109 Success will depend on
the ability to overcome barriers to accrual,
and this might require pragmatic designs.
Although levels of equipoise will vary
between different clinicians and different
centres, this difference might not become
a barrier if studies are designed with sufficiently broad inclusion criteria to allow
centres to assign the patients randomly
for whom they believe there is equipoise.
Providing accurate patient information
regarding the uncertainty is crucial, as
patients might otherwise erroneously
assume that ablative treatment is proven,
and this information exchange can be done
through informational videos.107
www.nature.com/nrclinonc
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Definitive recommendations regarding
patient selection or the optimal choice of
treatment modality cannot be made until
results from randomized trials are available. In the interim, treatment decisions
should be made in the context of a multidisciplinary team. Discussions with patients
should be balanced, describing the theo
retical benefits of ablative treatment, the
associated uncertainties, the risks of toxi
city, and the likelihood of occult metastases
beyond the known oligometastatic lesions.

1.

Conclusions

6.

The oligometastatic state is an appealing
paradigm for oncologists and patients and,
in select situations such as patients with a
single brain metastasis, ablative treatment
can lead to improved overall survival.
However, for most clinical scenarios, the
paradigm is not yet supported by evidence
from randomized trials. Although some
patients achieve long-term survival after
ablative treatment, for most patients it is
unclear whether the treatment of their
metastasis extends their survival, or whether
their long survival is merely due to the
presence of slow-growing, indolent disease.
At present, collective equipoise about the
oligometastatic state exists as the potential for improved outcomes is balanced
against the risks of mortality, morbidity, and impaired quality of life following
treatment. Randomized trials should be
conducted now, before increasing clinical
experience and expert opinion alters the
balance of equipoise and renders accrual
impossible.110 Before the strategy of treating oligometastases is accepted as routine
clinical practice, there should be stronger
evidence supporting its efficacy.
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