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It is clear from surgical series that there are selected patients presenting with localised metastatic disease
who can be cured by radical ablation of the metastasis. To date this has been limited to surgical resection
but the evolution of stereotactic ablative body radiotherapy (SABR) has opened new opportunities.
Hypofractionated radiation delivery in 1 to 5 fractions can achieve durable local control with low toxicity.
The focus is now to develop robust biomarkers so that those with true oligometastatic and thereby poten-
tially curable disease can be selected for this approach.
� 2017 Published by Elsevier Ireland Ltd on behalf of European Society for Radiotherapy & Oncology. This
is an open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/

4.0/).
Introduction

Historically, the management of patients with solid tumours
that have metastasized beyond the primary lesion has been

with palliative intent. Systemic therapies are used in conjunction
with palliative radiotherapy and other supportive measures to
improve quality of life and prolong survival, but never to cure.
The relatively new paradigm of the oligometastatic state, however,
has finally given us the opportunity to break with this tradition.

Arising from studies examining the natural progression of
breast cancer, the concept of the oligometastatic state was first
proposed by Hellman and Weichselbaum [1]. They describe an
intermediate stage in the disease history of the majority of solid
tumours whereby only a small number of metastases develop ini-
tially, before the eventual acquisition of widespread dissemination
of potential and polymetastatic disease. It is possible therefore to
conceive, that were radical local therapies employed during this
time period, long-term disease control and maybe even cure could
be achieved.
Surgical management of oligometastases

A number of cohort studies have demonstrated the benefit of a
radical surgical approach to oligometastases. An improvement in
both local control and overall survival has repeatedly been shown
following the surgical resection of limited liver metastases in col-
orectal cancer, with five and ten-year survival rates post-
hepatectomy approaching 50% and 20% respectively [2–4].
Pulmonary metastasectomy has also proved beneficial in terms
of long-term survival and disease control in a number of tumour
sites, most notably soft-tissue sarcoma [5,6]. Surgery is now com-
mon practice in these settings demonstrating that in selected
patients the concept of oligometastases is a reality.
Stereotactic radiation therapy for oligometastases

Traditionally, the use of conventional radiotherapy to deliver
ablative doses to metastatic deposits has been restricted by the
high risk of excess irradiation to the surrounding normal tissues
as well as the limited feasibility of protracted fractionation
schedules in the metastatic setting. However, recent technological
advancements in 4-dimensional planning systems, image-
guidance and immobilization devices have resulted in the
development of stereotactic ablative body radiotherapy (SABR),
defined by the American Society of Radiation Oncology as ‘external
beam radiotherapy used to deliver a high dose of radiation very
precisely to an extracranial target within the body, as a single dose
or a small number of fractions’ [7].
Results of SABR: Efficacy and toxicity

SABR has revolutionised the oncological management of
oligometastases allowing for truly ablative doses to be accurately
delivered to secondary tumours, with steep dose gradients
minimising the amount of normal tissue irradiated and
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hypofractionated regimes reducing the number of fractions
required. A number of different platforms are now in use including
linear accelerator based solutions, helical tomotherapy and dedi-
cated stereotactic machines such as ‘Cyberknife’ all of which deli-
ver effective highly focussed radiation. Varying dose-
fractionation schedules have been utilised in the stereotactic treat-
ment of oligometastatic disease. The optimal regimen has yet to be
defined and by the nature of varying radiosensitivities, it is likely to
differ between tumour groups. It is clear, however, that the abla-
tive doses required in this context require a higher biological effec-
tive dose (BED) than conventional treatments with the general
consensus that a BED of greater than 100 Gy Equivalent Dose in
2Gy Fractions; EQD2 would be sufficient for most tumour sites.
Typical dose schedules range from single doses of 15–24 Gy for
bone metastases to three fraction schedules delivering 45–60 Gy
for lung metastases or 46–52 Gy for liver metastases, although five
and seven fraction schedules have also been reported. A higher BED
appears to be positively correlated with local control. A dose-
escalation study conducted by Salama et al. demonstrated a 100%
treated metastases control rate in a cohort of patients treated with
48 Gy in 3 fractions compared to only 45.7% in those treated with
24 Gy in 3 fractions [8], results consistent with numerous other
series [9,10].

A review of published data in 2013 [11] showed that liver and
lung metastases were most commonly reported, followed by adre-
nal gland metastases and less frequently spinal and lymph node
metastases. There is considerable heterogeneity in populations
reported in the literature which consists almost exclusively of ret-
rospective and prospective cohort studies. These suggest that local
control can be achieved in 70–96% of spinal metastases at 1 year
[12], 72–92% of lung metastases [13] and 60–90% of liver metas-
tases at 2 years [14]. There is one randomised phase II trial in
NSCLC oligometastases in which patients relapsing after achieving
a good response to first line treatment with up to three oligometas-
tases were randomised to receive standard care or ablative treat-
ment; a significant prolongation of progression free survival from
3.9 months to 11.9 months was seen in the ablative treatment
group [15]. Toxicity in these series is low, though there is concern
over the risk of vertebral compression fracture when spinal metas-
tases are treated with SABR, with retrospective studies reporting
fracture rates of 10–20% [16,17]. The rare but potentially devastat-
ing risk of myelopathy also persists despite the increased confor-
mality of SABR; the largest series of 1075 patients reporting a
myelopathy rate of 0.6%.18

Patient selection

Despite non-randomised studies demonstrating good in-field
control when treating oligometastases with SABR, it is clear that
these patients remain at significant risk of distant relapse, with 2
to 5-year disease-free survival rates approaching only 20% [11].
This reflects the limited ability of current biomarkers to identify
low volume metastatic disease and it seems the majority of
patients selected for this radical approach are not cured and do
progress to disseminated disease. A key objective in selecting
patients for SABR therefore is to identify those with a low probabil-
ity of additional subclinical metastases.

A number of clinical factors have been seen to influence local
control, disease-free survival and overall survival following treat-
ment with SABR. These include tumour histology, time to recur-
rence, location, number and size of the metastases, as well as
radiotherapy dose. Synchronous metastases with the primary pre-
sentation have a worse prognosis than metachronous metastases.
Patients with breast cancer histology have been shown to have sig-
nificantly better overall survival and local control than those with
non-breast cancers [19]. A time to recurrence of greater than
12 months is associated with a significantly improved overall sur-
vival [20] as are metastases confined to bone or thoracic lymph
nodes, compared to hepatic or pulmonary metastases [21]. Adrenal
metastases appear to be associated with the poorest outcome [22]
although it is difficult to distinguish histology from location in this
context due to the higher propensity of non-small cell cancer to
metastasize to the adrenal gland compared to other tumour sites
of origin. Patients with one to three metastases have consistently
been shown to have improved overall survival compared to those
with four or five [8,23], whilst the size of the metastases appears
to be inversely correlated with local in-field control [19].

One of the most significant challenges we face in the context of
oligometastatic disease is to define more robust, objective criteria
for the selection of patients most likely to benefit from ablative
therapy. The search for biomarkers in this setting has recently
proved fruitful. Lussier and colleagues conducted a retrospective
analysis on resected lung metastases and identified a microRNA
signature predictive of those patients with slowly-progressive dis-
ease [24]. The group then went on to demonstrate specific micro-
RNAs able to identify patients with a low likelihood of recurrence
post-surgery and those able to differentiate patients with oligome-
tastatic and polymetastatic disease [25]. Circulating tumour cells
(CTCs), already established in metastatic breast cancer as a prog-
nostic factor in the response to systemic treatment [26], have also
been proposed as a potential biomarker for identifying the truly
oligometastatic patient [27]. Elimination of CTCs following SABR
or surgery may also be predictive of a good outcome, indicating
that the CTCs arose from the treated lesions and not occult sites,
thus reducing the likelihood of re-seeding and relapse. Further
research will undoubtedly refine our approach to biomarker-
driven patient selection.
Conclusion

The published literature consisting of heterogeneous non-
randomised studies suggests that SABR is a feasible, safe, and effec-
tive treatment modality in the context of oligometastatic disease,
with good local control rates and a low toxicity profile. Whether
this translates into a true overall survival benefit requires ran-
domised controlled trial (RCT) evidence and several studies are
currently underway including CORE [28] and SARON [29]. In the
interim and until the prospective validation of predictive biomark-
ers, the decision to treat the oligometastatic patient not eligible for
randomised trials with radical intent should be individualised, tak-
ing into account all clinical and prognostic features available.
Although cure may not be an option for the majority of patients,
the benefit of SABR in delaying disease progression and hence
the need for further systemic treatment should not be underesti-
mated in this context.

Looking to the future, with recent advances in our understand-
ing of the anti-tumour immune response, an exciting prospect lies
in combining SABR with immunotherapies to improve response
rates and to exploit the abscopal effect, whereby high-dose radio-
therapy may induce a systemic immune cascade resulting in the
regression of distant, non-irradiated lesions. At a molecular level,
CD8+ T cells have been shown to be central to the therapeutic
effect of SABR [30], and the synergistic effect of immune therapies
and radiotherapy on tumour control has consistently been demon-
strated in pre-clinical studies [31,32]. Individual case-reports in
patients with melanoma have demonstrated the quite remarkable
effects of the abscopal response when SABR has been combined
with immunotherapies such as ipilimumab [33,34]. The results of
a number of current clinical trials in this context [35] will no doubt
provide further vital information to drive forward our future radi-
ation practice within the oligometastatic setting.



H. Tharmalingham, P.J. Hoskin / Technical Innovations & Patient Support in Radiation Oncology 1 (2017) 13–15 15
References

[1] Hellman S, Weichselbaum RR. Oligometastases. J Clin Oncol 1995;13:8–10.
[2] Fong Y, Fortner J, Sun RL, Brennan MF, Blumgart LH. Clinical score for

predicting recurrence after hepatic resection for metastatic colorectal cancer:
analysis of 1001 consecutive cases. Ann Surg 1999;230:309–18. discussion
318–21.

[3] Simmonds PC, Primrose JN, Colquitt JL, Garden OJ, Poston GJ, Rees M. Surgical
resection of hepatic metastases from colorectal cancer: a systematic review of
published studies. Br J Cancer 2006;94:982–99.

[4] Pawlik TM, Choti MA. Surgery therapy for colorectal metastases to the liver. J
Gastrointest Surg 2007;11:1057–77.

[5] Sardenberg RA, Figueiredo LP, Haddad FJ, Gross JL, Younes RN. Pulmonary
metastasectomy from soft-tissue sarcomas. Clinics (Sao Paulo) 2010;65:871–6.

[6] Garcia Franco CE, Torre W, Tamura A, et al. Long-term results after resection
for bone sarcoma pulmonary metastases. Eur J Cardiothorac Surg
2010;37:1205–8.

[7] Potters L, Kavanagh B, Galvin JM, et al. American Society for Therapeutic
Radiology and Oncology (ASTRO) and American College of Radiology (ACR)
practice guideline for the performance of stereotactic body radiation therapy.
Int J Radiat Oncol Biol Phys 2010;76:326–32.

[8] Salama JK, Hasselle MD, Chmura SJ, et al. Stereotactic body radiotherapy for
multisite extracranial oligometastases: final report of a dose escalation trial in
patients with 1 to 5 sites of metastatic disease. Cancer 2011;118:2962–70.

[9] Stinauer MA, Kavanagh BD, Schefter TE, et al. Stereotactic body radiation
therapy for melanoma and renal cell carcinoma: impact of single fraction
equivalent dose on local control. Radiat Oncol 2011;6:34.

[10] McCammon R, Schefter TE, Gasper LE, Zaemisch R, Gravdahl D, Kavanagh B.
Observation of a dose-control relationship for lung and liver tumors after
stereotactic body radiation therapy. Int J Radiat Oncol Biol Phys
2009;73:112–8.

[11] Tree AC, Khoo VS, Eeles RA, et al. Stereotactic body radiotherapy for
oligometastases. Lancet Oncol 2013;14:e28–37.

[12] Bhattacharya IS, Hoskin PJ. Stereotactic body radiotherapy for spinal and bone
metastases. J Clin Onc 2015;27:298–306.

[13] Huang F, Gang W, Yang K. Oligometastasis and oligo-recurrence: more than a
mirage. Rad Onc 2014;9:230.

[14] Aitken KL, Hawkins MA. Stereotactic body radiotherapy for liver metastases. J
Clin Onc 2015;27:307–15.

[15] Gomez DR, Blumenschein GR, Lee JJ, et al. Local consolidative therapy versus
maintenance therapy or observation for patients with oligometastatic non-
small-cell lung cancer without progression after first line systemic therapy: a
multicentre, randomised, controlled phase 2 study. Lancet Oncol
2016;17:1672–82.

[16] Boehling NS, Grosshans DR, Allen PK, et al. Vertebral compression fracture risk
after stereotactic body radiotherapy therapy for spinal metastases. J Neurosurg
Spine 2012;16:379–86.
[17] Cunha MV, Al-Omair A, Atenafu EG, et al. Vertebral compression fracture (VCF)
after spine stereotactic body radiation therapy (SBRT): analysis of predictive
factors. Int J Radiot Oncol Biol Phys 2012;84:e343–9.

[18] Gibbs IC, Patil C, Gerszten PC, Adler Jr JR, Burton SA. Delayed radiation-induced
myelopathy after spinal radiosurgery. Neurosurgery 2009;64(Suppl. 2):
A67–72.

[19] Milano MT, Katz AW, Zhang H, Okunieff P. Oligometastases treated with
stereotactic body radiotherapy: long-term follow-up of prospective study. Int J
Radiat Oncol Biol Phys 2012;82:1047–57.

[20] Inoue T, Katoh N, Aoyama H, et al. Clinical outcomes of stereotactic brain and/
or body radiotherapy for patients with oligometastatic lesions. Jpn J Clin Oncol
2010;40:788–94.

[21] Milano MT, Katz AW, Okunieff P. Patterns of recurrence after curative-intent
radiation for oligometastases confined to one organ. Am J Clin Oncol
2010;33:157–63.

[22] Milano MT, Katz AW, Schell MC, Philip A, Okunieff P. A prospective pilot study
of curative-intent stereotactic body radiation therapy in patients with 5 or
fewer oligometastatic lesions. Cancer 2008;112:650–8.

[23] Wersall PJ, Blomgren H, Lax I, et al. Extracranial stereotactic radiotherapy for
primary and metastatic renal cell carcinoma. Radiother Oncol 2005;77:88–95.

[24] Lussier YA, Xing HR, Salama JK, et al. MicroRNA expression characterizes
oligometastasis (es). PLoS One 2011;6:e28650.

[25] Lussier YA, Khodarev NN, Regan K, et al. Oligo- and polymetastatic progression
in lung metastasis(es) patients is associated with specific microRNAs. PLoS
One 2012;7:e50141.

[26] Cristofanilli M, Budd GT, Ellis MJ, et al. Circulating tumor cells, disease
progression and survival in metastatic breast cancer. N Engl J Med
2004;351:781–91.

[27] Salama JK, Chmura AJ. The role of surgery and ablative radiotherapy in
oligometastatic breast cancer. Semin Oncol 2014;41:790–7.

[28] https://clinicaltrials.gov/ct2/show/NCT02759783.
[29] https://clinicaltrials.gov/ct2/show/NCT02417662.
[30] Lee Y, Auh SL, Wang Y, et al. Therapeutic effects of ablative radiation on local

tumor require CD8+ T cells: changing strategies for cancer treatment. Blood
2009;114(3):589–95.

[31] Drake CG. Combination immunotherapy approaches. Ann Oncol 2012;23
(Suppl. 8):viii41–46.

[32] Deng L, Liang H, Burnette B, et al. Irradiation and anti-PD-L1 treatment
synergistically promote anti-tumour immunity in mice. J Clin Invest 2014;124
(2):687–95.

[33] Hiniker S, Chen D, Knox S. Abscopal effect in a patient with melanoma. N Engl J
Med 2012;366:2035–6.

[34] Postow MA, Callahan MK, Barker CA, et al. Immunologic correlates of the
abscopal effect in a patient with melanoma. N Eng J Med 2012;366:925–31.

[35] Johnson CB, Jagsi R. The promise of the abscopal effect and the future of trials
combining immunotherapy and radiation therapy. Int J Radiat Oncol Biol Phys
2016;95(4):1254–6.

http://refhub.elsevier.com/S2405-6324(17)30002-1/h0005
http://refhub.elsevier.com/S2405-6324(17)30002-1/h0010
http://refhub.elsevier.com/S2405-6324(17)30002-1/h0010
http://refhub.elsevier.com/S2405-6324(17)30002-1/h0010
http://refhub.elsevier.com/S2405-6324(17)30002-1/h0010
http://refhub.elsevier.com/S2405-6324(17)30002-1/h0015
http://refhub.elsevier.com/S2405-6324(17)30002-1/h0015
http://refhub.elsevier.com/S2405-6324(17)30002-1/h0015
http://refhub.elsevier.com/S2405-6324(17)30002-1/h0020
http://refhub.elsevier.com/S2405-6324(17)30002-1/h0020
http://refhub.elsevier.com/S2405-6324(17)30002-1/h0025
http://refhub.elsevier.com/S2405-6324(17)30002-1/h0025
http://refhub.elsevier.com/S2405-6324(17)30002-1/h0030
http://refhub.elsevier.com/S2405-6324(17)30002-1/h0030
http://refhub.elsevier.com/S2405-6324(17)30002-1/h0030
http://refhub.elsevier.com/S2405-6324(17)30002-1/h0035
http://refhub.elsevier.com/S2405-6324(17)30002-1/h0035
http://refhub.elsevier.com/S2405-6324(17)30002-1/h0035
http://refhub.elsevier.com/S2405-6324(17)30002-1/h0035
http://refhub.elsevier.com/S2405-6324(17)30002-1/h0040
http://refhub.elsevier.com/S2405-6324(17)30002-1/h0040
http://refhub.elsevier.com/S2405-6324(17)30002-1/h0040
http://refhub.elsevier.com/S2405-6324(17)30002-1/h0045
http://refhub.elsevier.com/S2405-6324(17)30002-1/h0045
http://refhub.elsevier.com/S2405-6324(17)30002-1/h0045
http://refhub.elsevier.com/S2405-6324(17)30002-1/h0050
http://refhub.elsevier.com/S2405-6324(17)30002-1/h0050
http://refhub.elsevier.com/S2405-6324(17)30002-1/h0050
http://refhub.elsevier.com/S2405-6324(17)30002-1/h0050
http://refhub.elsevier.com/S2405-6324(17)30002-1/h0055
http://refhub.elsevier.com/S2405-6324(17)30002-1/h0055
http://refhub.elsevier.com/S2405-6324(17)30002-1/h0060
http://refhub.elsevier.com/S2405-6324(17)30002-1/h0060
http://refhub.elsevier.com/S2405-6324(17)30002-1/h0065
http://refhub.elsevier.com/S2405-6324(17)30002-1/h0065
http://refhub.elsevier.com/S2405-6324(17)30002-1/h0070
http://refhub.elsevier.com/S2405-6324(17)30002-1/h0070
http://refhub.elsevier.com/S2405-6324(17)30002-1/h0075
http://refhub.elsevier.com/S2405-6324(17)30002-1/h0075
http://refhub.elsevier.com/S2405-6324(17)30002-1/h0075
http://refhub.elsevier.com/S2405-6324(17)30002-1/h0075
http://refhub.elsevier.com/S2405-6324(17)30002-1/h0075
http://refhub.elsevier.com/S2405-6324(17)30002-1/h0080
http://refhub.elsevier.com/S2405-6324(17)30002-1/h0080
http://refhub.elsevier.com/S2405-6324(17)30002-1/h0080
http://refhub.elsevier.com/S2405-6324(17)30002-1/h0085
http://refhub.elsevier.com/S2405-6324(17)30002-1/h0085
http://refhub.elsevier.com/S2405-6324(17)30002-1/h0085
http://refhub.elsevier.com/S2405-6324(17)30002-1/h0090
http://refhub.elsevier.com/S2405-6324(17)30002-1/h0090
http://refhub.elsevier.com/S2405-6324(17)30002-1/h0090
http://refhub.elsevier.com/S2405-6324(17)30002-1/h0095
http://refhub.elsevier.com/S2405-6324(17)30002-1/h0095
http://refhub.elsevier.com/S2405-6324(17)30002-1/h0095
http://refhub.elsevier.com/S2405-6324(17)30002-1/h0100
http://refhub.elsevier.com/S2405-6324(17)30002-1/h0100
http://refhub.elsevier.com/S2405-6324(17)30002-1/h0100
http://refhub.elsevier.com/S2405-6324(17)30002-1/h0105
http://refhub.elsevier.com/S2405-6324(17)30002-1/h0105
http://refhub.elsevier.com/S2405-6324(17)30002-1/h0105
http://refhub.elsevier.com/S2405-6324(17)30002-1/h0110
http://refhub.elsevier.com/S2405-6324(17)30002-1/h0110
http://refhub.elsevier.com/S2405-6324(17)30002-1/h0110
http://refhub.elsevier.com/S2405-6324(17)30002-1/h0115
http://refhub.elsevier.com/S2405-6324(17)30002-1/h0115
http://refhub.elsevier.com/S2405-6324(17)30002-1/h0120
http://refhub.elsevier.com/S2405-6324(17)30002-1/h0120
http://refhub.elsevier.com/S2405-6324(17)30002-1/h0125
http://refhub.elsevier.com/S2405-6324(17)30002-1/h0125
http://refhub.elsevier.com/S2405-6324(17)30002-1/h0125
http://refhub.elsevier.com/S2405-6324(17)30002-1/h0130
http://refhub.elsevier.com/S2405-6324(17)30002-1/h0130
http://refhub.elsevier.com/S2405-6324(17)30002-1/h0130
http://refhub.elsevier.com/S2405-6324(17)30002-1/h0135
http://refhub.elsevier.com/S2405-6324(17)30002-1/h0135
https://clinicaltrials.gov/ct2/show/NCT02759783
https://clinicaltrials.gov/ct2/show/NCT02417662
http://refhub.elsevier.com/S2405-6324(17)30002-1/h0150
http://refhub.elsevier.com/S2405-6324(17)30002-1/h0150
http://refhub.elsevier.com/S2405-6324(17)30002-1/h0150
http://refhub.elsevier.com/S2405-6324(17)30002-1/h0155
http://refhub.elsevier.com/S2405-6324(17)30002-1/h0155
http://refhub.elsevier.com/S2405-6324(17)30002-1/h0160
http://refhub.elsevier.com/S2405-6324(17)30002-1/h0160
http://refhub.elsevier.com/S2405-6324(17)30002-1/h0160
http://refhub.elsevier.com/S2405-6324(17)30002-1/h0165
http://refhub.elsevier.com/S2405-6324(17)30002-1/h0165
http://refhub.elsevier.com/S2405-6324(17)30002-1/h0170
http://refhub.elsevier.com/S2405-6324(17)30002-1/h0170
http://refhub.elsevier.com/S2405-6324(17)30002-1/h0175
http://refhub.elsevier.com/S2405-6324(17)30002-1/h0175
http://refhub.elsevier.com/S2405-6324(17)30002-1/h0175

	The changing role of radiation therapy in the management of oligometastatic disease
	Introduction
	Surgical management of oligometastases
	Stereotactic radiation therapy for oligometastases
	Results of SABR: Efficacy and toxicity
	Patient selection
	Conclusion
	References


