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Introduction

Recent advances in our understanding of the biology of 
the anti-tumour immune response have rapidly accelerated 
progress in cancer immunotherapy. Immune-checkpoint 
inhibitors in particular have provided encouraging clinical 
responses across a number of different tumour sites. 
However, many of those patients who initially respond 
eventually develop resistant disease (1). One way to improve 
the effectiveness and durability of immunotherapy may be 
to combine it with radiotherapy.

Radiotherapy is a fundamental oncological treatment 
playing a crucial role in the definitive and adjuvant settings 
as well as in the palliation of tumour-related symptoms 
across a wide variety of malignancies. Although initially 

thought to be immunosuppressive, a significant body 
of evidence now exists to suggest that radiotherapy has 
potent immunomodulatory effects, enhancing tumour 
immunogenicity and augmenting anti-tumour immune 
responses both locally and systemically (2). Whilst 
conventionally delivered in small daily doses over multiple 
weeks, recent technological advancements have allowed for 
the precise local delivery of much larger doses of radiation 
with stereotactic ablative body radiotherapy (SABR) 
offering the potential for yet further radiation-induced 
tumour immunogenicity and immunogenic cell death. 

In this review, we discuss the biological rationale behind 
combining stereotactic radiation and immunotherapy 
as well as the extensive pre-clinical and evolving clinical 
evidence in support of this approach. We then focus on 
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current clinical trials and highlight the likely challenges that 
may lie ahead in this new field.

The host immune system and tumorigenesis

The unique ability of the adaptive human immune system to 
differentiate between self and non-self allows it to recognise 
the presence of cells undergoing malignant transformation. 
The immunosurveillance hypothesis predicts that a 
competent immune system can selectively eliminate 
cancer cells and protect against the development of solid 
malignancies (3). Tumours only become clinically apparent 
once they acquire the ability to evade immune destruction, 
thought predominantly to be due to the creation of an 
immunosuppressive local tumour microenvironment (4). 
Fundamental to this is the vasculature of the tumour which 
it commonly outgrows resulting in abnormal angiogenesis, 
hypoxia and ischaemia. The subsequent upregulation of 
hypoxia inducible factor-1 (HIF-1) stimulates the local 
production of the stromal-derived factor-1 (SDF-1) 
chemokine which in turn drives the recruitment of myeloid-
derived suppressor cells (MDSCs) and tumour-associated 
macrophages (TAMs) (5,6). The immunosuppressive 
actions of these myeloid cells is multi-faceted. They secrete 
IL-10, an anti-inflammatory cytokine shown to activate 
regulatory T cells (Tregs) (7) and induce a tolerogenic 
phenotype amongst intratumoral dendritic cells (DCs) (8). 
This culminates in the presentation of tumour antigens 
to cytotoxic T lymphocytes (CTLs) without the required 
co-stimulatory molecules needed to activate a response, 
ultimately resulting in anergy of the CTLs (9,10). Other 
secretory factors include TGF-beta and reactive oxygen 
and nitrogen species which directly blunt the effector 
function of CTLs (10), as well as arginase and nitric oxide 
that deplete L-arginine, an essential metabolite for T cell 
function (10-12). Finally, MDSCs express the programmed 
death ligand-1 (PD-L1) (13) which engages with the 
programmed death-1 (PD-1) receptor on activated CTLs to 
induce their exhaustion (14). Blockade of this pathway has 
been shown to re-invigorate CTLs and restore their anti-
tumour cytotoxic activity (15,16) hence it has become a key 
target in current immunotherapy strategies. 

Immunomodulatory therapy

The PD-1/PDL-1 axis is one of a number of ‘immune 
checkpoint’ pathways hijacked by tumours as a means of 
evading the host immune response. A number of tumour 

types over-express PD-L1 and its increased expression is 
thought to correlate with worse prognoses across various 
tumour sites (17). A second important immune checkpoint is 
the cytotoxic T-lymphocyte associated protein-4 (CTLA-4)  
which engages with CD80/CD86 on the surface of 
intratumoral  DCs. Activation of CTLs following 
presentation of tumour antigens by DCs requires co-
stimulation driven by the cellular ligation of CD80/CD86 
to CD28 on CTLs. The high affinity of CTLA-4 to CD80/
CD86 acts as a competitive inhibitor to this interaction 
thereby suppressing the anti-tumour immune response (18).  
In recent years, monoclonal antibody (mAb) therapies 
against both CTL4-A and PD-1 have been employed as 
immune checkpoint inhibitors with promising clinical 
responses across a range of tumour sites. The first was 
ipilimumab, an anti-CTL4-A mAb approved in 2011 having 
been shown to have a dramatic effect on the overall survival 
(OS) of patients with metastatic melanoma. The pivotal 
study by Hodi et al. demonstrated that patients treated with 
ipilimumab and a peptide vaccine had an OS of 10 months 
compared to only 6.4 months for those who received the 
vaccine alone (19). Further studies have demonstrated 
durable clinical responses of up to 10 years in some  
cases (20), a significant improvement in a disease with 
previously dismal long-term survival rates. 

Nivolumab is a selective mAb targeting the PD-1 
receptor and has also shown to be effective in numerous 
tumour sites. In a phase III study of BRAF wild-type 
patients with advanced melanoma, those receiving 
nivolumab had a 1-year survival rate of 72.9% compared 
to 42.1% in those given dacarbazine chemotherapy (21). In 
metastatic renal cell carcinoma, nivolumab improved OS 
to 25 months compared to 19.6 months in those treated 
with everolimus (22), and in comparison with docetaxel as 
a second-line treatment for metastatic non-small cell lung 
cancer (NSCLC), superior OS rates and toxicity profiles 
with nivolumab were demonstrated across histologies in 
two randomised controlled phase 3 trials (Checkmate 017 
and Checkmate 057) (23,24). In the latter, improved OS, 
progression-free survival (PFS) and objective response rates 
were all seen to correlate with tumoral PD-L1 expression 
with nivolumab nearly doubling median overall survival in 
patients whose tumours expressed PD-L1 (24). Unselected 
1-year OS survival rates increased from 39% to 51% and 
the trial was terminated early having been adjudged to have 
met its primary end point of improved overall survival (24). 

Similar ly  excit ing results  have been seen with 
pembrolizumab, another mAb against the PD-1 receptor. 
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When compared to ipilimumab in the treatment of 
advanced melanoma, pembrolizumab doubled the median 
progression-free survival and improved 1-year OS rates 
from 58.2% to 74.1% with a significantly better acute 
toxicity profile (25). In light of such positive clinical results, 
a number of newer agents targeting the PD-1/PD-L1 
pathway are currently being investigated in early phase 
trials (26). 

Although immunotherapies have produced impressive 
clinical data thus far, durable responses are only seen in a 
small minority of patients with most eventually developing 
resistant disease. It is proposed that long-term remission 
rates may be improved by combining immunomodulation 
with radiotherapy. Whilst immune checkpoint inhibition 
works by overcoming immune evasion mechanisms employed 
by the tumour, an initial priming of the immune system 
against specific tumour-associated antigens (TAAs) is still 
required in order to generate a reaction of sufficient scale and 
quality to adequately target the solid malignancy (1). New 
biological insights into the immunogenicity of radiation 
therapy suggest that it may serve as an ideal tool to prime 
the adaptive anti-tumour immune response in this way, 
thereby enhancing the efficacy of immunotherapies when 
the two modalities are used in synergy. 

Radiation therapy and the immune system

Traditional radiobiological teaching has focussed on the 
direct cytocidal effects of radiotherapy arising from the 
generation of irreparable double-stranded DNA breaks 
resulting in mitotic catastrophe and cellular apoptosis (27).  
There is now a significant body of evidence that radiation 
therapy also has potent immunomodulatory effects, 
orchestrating a spectrum of cellular and molecular 
alterations culminating in the potentiation of the systemic 
anti-tumour immune response. Radiation-induced 
immunogenic cell death is thought to be mediated through 
the heightened release of tumour-associated antigens 
(TAAs) generated by apoptotic and necrotic cell debris (28), 
as well as pro-inflammatory ‘danger’ signals and damage-
associated molecular patterns (DAMPs) such as heat-shock 
proteins (HSPs) (29), and high-mobility group protein 
B1 (HMGB1) (30). DAMPs and ‘danger’ molecules act 
via toll-like receptors (TLRs) to stimulate dendritic cells, 
facilitating the uptake of TAAs and their presentation on 
major histocompatibility complex class 1 (MHC-1) for 
the activation of tumour-specific cytotoxic T lymphocytes 
(31,32). This process is further augmented by the radiation-

induced translocation of calreticulin (CRT) to the cell 
surface membrane of tumour cells which has been shown 
to significantly increase tumour cell sensitivity to the 
cytolytic effects of CTLs (33). CRT also interacts via CD91 
on DCs and macrophages to stimulate receptor-mediated 
phagocytosis of tumour antigens and their subsequent 
presentation on MHC-1 (34). Exposure to CRT has been 
shown to be a critical requirement for radiation-induced 
immunogenic cell death (35). Finally, radiation therapy 
has been shown to upregulate MHC-1 expression in both 
normal tissue and tumour cells (36), again facilitating the 
presentation of tumour-specific antigens to CTLs and 
stimulating their immune-mediated destruction. 

In addition to its cellular effects, ionising radiation 
also has significant influence over the local tumour 
microenvironment. It has been shown to induce the 
expression of inflammatory chemokines, notably CXCL10 
and CXCL16 which stimulate the recruitment of CD4 and 
CD8 T lymphocytes to the sites of the tumour (37,38). 
Radiation also interacts with the tumour vasculature, 
upregulating adhesion molecules such as vascular cell 
adhesion protein 1 (VCAM-1) and intracellular adhesion 
protein 1 (ICAM-1) which are critical for local leukocyte 
transmigration (39). Taken together, these effects 
promote the attraction and infiltration of anti-tumour 
CTLs into the tumour microenvironment, repressing 
its immunosuppressive nature and enhancing the local 
immune-mediated destruction of the irradiated tumour. 

As well as acting locally, it makes biological sense that 
a radiation-induced systemic immune response against 
common tumour epitopes shared by primary and metastatic 
lesions may also underlie the abscopal effect. First 
reported by Mole in 1953, the abscopal effect describes the 
phenomenon whereby targeted irradiation is seen to cause 
regression of distant metastases outside of the radiation 
field (40). However, abscopal responses are seldom seen 
in clinical practice in response to radiotherapy alone 
thought to be due to the immunosuppressive nature of the 
tumour microenvironment at distant, untreated sites (41).  
It logically follows therefore that repression of co-
inhibitory immune molecules such as CTLA-4 and PD-L1 
might help overcome this, further supporting the rationale 
for combining radiation therapy with systemic immune 
checkpoint blockade. 

Preclinical evidence for combining radiation 
with immunotherapy

The synergistic effect of immune therapies and radiotherapy 
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on tumour control has consistently been demonstrated 
in pre-clinical studies. In the poorly immunogenic 4T1 
mouse model of metastatic breast cancer, combining an 
anti-CTLA-4 mAb with radiotherapy delivered in one or 
two fractions of 12 Gy resulted in superior local and distant 
tumour regression compared to either modality alone with 
a significantly improved OS (42). The increased survival 
was seen to correlate with the inhibition of distant lung 
metastasis and was dependent on the presence of CD8-
positive T cells (42). These results were consistent with 
those seen in a murine glioma model where the synergistic 
effects of CTLA-4 blockade and focal radiotherapy again 
prolonged OS (43). Triple therapy with the addition of an 
agonist antibody against 4-1BB, a co-stimulatory signal 
activating CTLs resulted in yet further improvement, an 
effect seen to be predominantly CD4-positive, rather than 
CD8-positive T cell-mediated (43). 

Preclinical data also supports the strategy of combining 
radiotherapy with PD-1 inhibition. In a triple-negative 
breast cancer mouse model, tumours were cured when 
anti-PD-1 mAbs were combined with single or low-dose 
fractionated radiotherapy and CD8-positive T cells were 
seen to be critical to this curative response (44). Data from 
a mouse glioma model corroborated these results, with 
administration of anti-PD-1 therapy significantly enhancing 
the efficacy of stereotactic radiosurgery (SRS), increasing 
the local intra-tumoral infiltrate of cytotoxic T cells and 
improving overall survival compared to either treatment 
modality alone (45). 

Radiation dose and immunogenicity

Conventional radiotherapy has traditionally been delivered 
in small-dose (1.8–3 Gy), multi-fraction regimes over a 
number of weeks. Recent technological advancements 
in 4-dimensional planning systems and image-guidance 
have resulted in the development of SABR, a technique 
which allows for the precise delivery of much higher doses  
(6–30 Gy) of radiation either as a single treatment or in a 
small number of fractions. 

A number of in vitro studies across various tumour sites 
have demonstrated that higher radiation doses such as those 
typically employed in SABR induce significantly greater 
anti-tumour immune responses and thereby improve local 
tumour control compared to lower doses (36,46,47). One 
study examining the cytolytic effects of the delivery of 0, 10 
and 20 Gy to human prostate, colon and lung carcinoma 

cells in vitro showed the higher dose to induce greater 
immune-mediated cell killing across all three cell lines (45).  
Irradiation of a B16 mouse melanoma model with single 
doses of 5, 7.5, 10 and 15 Gy also demonstrated a dose-
dependent improvement in local tumour control, although 
this was mildly offset at the highest dose by an increased 
representation of regulatory T cells (47). Mechanisms 
underlying this dose-dependent effect include a greater 
expression of stimulatory immune molecules and tumour 
antigens such as carcinoembryonic antigen (CEA) on 
the surface of malignant cells (46), up-regulation of  
MHC-1 with increased presentation of tumour epitopes to 
T cells (36) and an increased infiltration of tumour-specific 
CD8-positive T cells into the tumour microenvironment 
and the draining lymph nodes (47). All culminate in the 
enhanced immune recognition of tumours and their 
cytotoxic destruction. The improvements in local control 
and survival are lost when stereotactic radiotherapy is 
administered to mice depleted of CD8-positive T cells (48),  
providing further credence to the hypothesis that 
immunomodulatory effects are fundamental in mediating 
the therapeutic benefits of SABR.

Radiation fractionation and immunogenicity

In addition to radiation dose, fractionation is also thought 
to affect immunogenicity. In terms of local control, studies 
typically show larger, single-dose regimes to be superior 
or at least equivalent to those delivered in multiple lower-
dose fractions (47-49). Comparison of a single 20 Gy with 
four 5 Gy fractions in a murine melanoma model showed 
the single dose to impede growth in 100% of tumours and 
induce complete regression in 35%, whilst the fractionated 
regime, albeit a lower biological equivalent dose (BED), 
had no beneficial effect (48). This response was again 
seen to be CD8-positive T cell-dependent and correlated 
with the infiltration of tumour-specific CTLs both locally 
and systemically into the draining lymph nodes (48). 
These results were consistent with those of another study 
utilising a similar mouse model comparing a single 15 Gy 
treatment with five 3 Gy fractions (49). Additional adoptive 
transfer studies performed by this group demonstrate that 
an increased number of tumour-specific T cells remain 
within tumours taken from mice irradiated with a single 
dose whilst in those taken from mice treated with the 
fractionated regimen, T cell numbers appear to diminish 
over time (49). It is possible to infer from this data that 
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single-dose regimens may result in anti-tumour immune 
effects of greater quality and amplitude resulting in a 
prolonged memory response which may translate into more 
durable long-term clinical outcomes. 

The aforementioned studies demonstrate the benefit of 
single-dose regimens solely in terms of local tumour control 
and only make a comparison with multiple, low-dose 
fractionations. Subsequent investigations examining the 
effects on distant metastases suggest that SABR-like high-
dose per fraction (≥6–8 Gy) regimes result in enhanced 
systemic anti-tumour responses compared to single dose 
therapy. Much of the evidence for this arises from studies 
utilising the previously described 4T1 mouse breast cancer 
model where malignant cells spontaneously metastasize to 
the lungs (42). Mice were treated with either two 12 Gy 
fractions or a single 12 Gy dose to the primary tumour, 
concurrent with anti-CTLA-4 therapy. Both regimes were 
seen to significantly reduce the number of lung metastases 
and extend overall survival, but the survival advantage was 
significantly improved after two radiation fractions (42).  
Building on these results, the investigators then went on 
to test various dose-fractionation combinations to identify 
the most optimal in effecting a systemic anti-tumour 
response (50). Experiments were performed using two 
murine models, one with MC38 colon carcinoma cells 
and the other with TSA breast cancer cells. A primary and 
secondary tumour were implanted in both models and the 
primary lesion irradiated with either five 6 Gy fractions, 
three 8 Gy fractions or a single 20 Gy dose. Anti-CTLA4 
was delivered post-irradiation and regression of the primary 
and secondary tumours were evaluated reflecting local and 
distant responses respectively. In terms of local control, all 
three regimes were equally as effective (50). However, in 
combination with immunotherapy, only the fractionated 
schedules were seen to elicit an abscopal response. 
Secondary tumour regression induced by the three 8 Gy 
regime was shown to be far superior to that of the five 6 Gy  
fractionation. The inhibition of the secondary tumour was 
proportional to its infiltration by interferon-γ secreting 
CD8-positive T cells and a higher frequency of these cells 
was also reported in the spleens of the mice irradiated 
with the three 8 Gy schedule (50). This would suggest that 
this regime resulted in a superior disseminated immune 
response ultimately leading to an enhanced abscopal effect. 
Taken together, the results of these investigations suggest 
that high-dose, fractionated radiotherapy regimes analogous 
to those used clinically in SABR are the most systemically 

immunogenic and therefore may be the best for use in 
combination with immunotherapies. 

Clinical evidence for combining SABR with 
immunotherapy

To date, a number of case reports demonstrating abscopal 
effects from combining immunotherapy with SABR have 
been published (51-55). The first pivotal case was described 
in a 33 year-old patient with metastatic melanoma who 
received SABR (delivered in three fractions of 9.5 Gy)  
to a painful paraspinal mass,  in conjunction with 
ipilimumab (51). Radiological evaluation revealed not 
only a significant response in the target lesion, but also 
considerable regression of disease outside the radiation 
field with complete resolution of metastatic splenic lesions 
and a substantial decrease in hilar lymphadenopathy. 
These responses were noted to be durable, with the disease 
remaining stable a further two years on. A similar case 
was reported on later that year where ipilimumab was 
administered either side of SABR (54 Gy in three fractions) 
to two metastatic liver lesions in a man with disseminated 
melanoma (52). A complete systemic response was 
observed, despite the patient having previously progressed 
on ipilimumab monotherapy. The following year saw the 
first case of the abscopal effect in a patient with metastatic 
non-small cell lung cancer when a 64 year-old man received 
stereotactic radiotherapy delivered in five 6 Gy fractions 
to a liver metastasis, in conjunction with ipilimumab 
immunotherapy (53). A complete response was again seen 
with total regression of the irradiated lesion as well as that 
of distant disease in the lungs and bone. Finally, in a patient 
with metastatic melanoma, ipilimumab combined with brain 
stereotactic radiosurgery also induced a complete systemic 
response in the skin and lymph nodes (54). Consistent with 
this last report are the results of a retrospective analysis of 
patients with advanced melanoma comparing combination 
treatment of ipilimumab with either SRS or whole-brain 
radiotherapy (WBRT) for brain metastases. For those 
receiving SRS, median overall survival was seen to be  
19.9 months, compared to only 3.1 months for those 
receiving WBRT (55). These results appear to suggest 
superior efficacy of stereotactic regimens when used in 
combination with immunotherapy, although the possible 
selection of medically fitter patients with more favourable 
prognoses for treatment with SRS over WBRT should also 
be considered here.
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Current clinical trials investigating the 
combination of SABR and immunotherapy

Following the dramatic abscopal effects described in the 
discussed case reports, several clinical trials combining 
SABR with immunotherapy are now currently active. 
MD Anderson Cancer Centre have recently reported on 
a prospective phase I trial of patients with disseminated 
solid malignancies evaluating ipilimumab given either 
concurrently or before SABR to at least one primary 
or metastatic lesion in the lung, liver or adrenal gland. 
Preliminary results suggest that all therapeutic combinations 
tested were feasible and safe with distant abscopal effects 
also seen in 31 out of the 35 participants (56). Phase II 
of this trial is now recruiting to provide further efficacy 
data. The RADVAX trial led by researchers at the 
University of Pennsylvania is a dose-limiting toxicity study 
looking at SABR to a single metastatic lesion followed by 
ipilimumab in patients with advanced-stage melanoma (57).  
A similar phase 1 trial is currently enrolling at Johns 
Hopkins University assessing the safety of the combination 
of ipilimumab delivered either side of robotic arm SABR 
in melanoma patients with newly diagnosed spinal or brain 
metastasis (58). In Europe, the Dutch-led randomised 
phase II PEMBRO-RT study is prospectively investigating 
the delivery of pembrolizumab following SABR versus 
pembrolizumab alone in patients with metastatic non-
small cell lung cancer (59), whilst the UK-based PERM 
study intends to evaluate the efficacy of the combination 
of SABR and pembrolizumab in metastatic melanoma (60). 
Numerous other comparable clinical trials are currently 
ongoing worldwide in this area, the results of which are 
expected to report over the next few years (Table 1). 

Unanswered questions and future perspectives

Preliminary findings to date suggest there may be significant 
clinical benefit in combining SABR with immunotherapy, 
but there are a variety of issues that still need to be 
addressed as the field advances. Firstly, the optimal 
sequencing of the two treatment modalities. Some advocate 
prior administration of radiation in line with the biological 
hypothesis that SABR acts to ‘prime’ the immune system, 
generating sufficient TAAs to activate DCs and tumour-
specific cytotoxic T lymphocytes before augmentation 
of the cytolytic response by immunotherapies (69).  
Moreover, due to its cytotoxic effects on lymphocytes, 
delivering radiotherapy after immune stimulation may in 

fact be detrimental rather than beneficial to the ongoing 
anti-tumour immune response (69). Contrariwise, 
administration of immunotherapy first would allow for 
the presence of an activating immune agent within the 
tumour microenvironment prior to radiotherapy. Pre-
stimulation of DCs and CTLs locally may make them more 
readily available to respond to the surge in tumour-specific 
epitopes generated by SABR and consequently maximise 
its efficacy (69). It has been proposed that the mechanism 
of action of the selected immunotherapy agent might 
determine the most appropriate sequencing of modalities 
and this hypothesis is supported by a pre-clinical (70) study 
in a murine model of colorectal adenocarcinoma. Tumour-
bearing mice were treated with a single dose of 20 Gy 
combined with either an anti-CTL4-A antibody or an anti-
OX40 agonist antibody administered either before or after 
the dose of radiation. OX40 is a tumour necrosis factor 
(TNF) receptor expressed predominantly on activated 
cytotoxic T lymphocytes and transmits a powerful co-
stimulatory signal once engaged. Anti-CTL4-A therapy 
was most effective when given prior to radiotherapy, noted 
in part to be due to a depletion of regulatory T cells within 
the local tumour microenvironment (70). Conversely, 
anti-OX40 agonist treatment proved most optimal when 
delivered one day post-radiotherapy during the window 
of increased tumour-associated antigen presentation and 
radiation-induced inflammation (70). Taken together, these 
data suggest that the most appropriate timing of the two 
treatment modalities may be dependent on the mechanism 
of action of the immunomodulatory agent used and further 
studies to improve our understanding in this area are clearly 
required. 

Identification of the patient populations most likely to 
benefit from combination immuno-radiotherapy is another 
critical area that needs to be addressed. SABR is currently 
most commonly employed in the curative treatment 
of patients with stage 1 NSCLC and in the setting of 
oligometastatic disease. In the context of the former, 
monotherapy with SABR results in local tumour control 
of ≥95% (71) with relatively low regional lymph-node and 
distant recurrence rates of 5−10% and 15% respectively (72). 
It is hypothesised that the low incidence of distant spread 
following SABR may be a consequence of the elimination of 
micrometastases via the induction of a systemic anti-tumour 
immune response (69). It makes biological sense that 
augmentation of this response by the addition of activating 
immunotherapy may further reduce regional and distant 
relapses and theoretically lead to increased rates of cure. 
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The relatively new paradigm of the oligometastatic state 
describes an intermediate stage in the disease history of 
the many solid tumours whereby only a small number of 
metastases develop initially, before the eventual acquisition 
of widespread dissemination potential and polymetastatic 
disease. SABR is being employed with increasing frequency 
as a radical local treatment for oligometastases with the 
aim of long-term disease control and potentially even cure. 
A number of non-randomised studies have consistently 
demonstrated excellent 1- to 2-year in-field control rates 
of up to 95% when treating oligometastases with SABR 
(73-75). However, there remains a significant risk of 
distant relapse with 2- to 5-year disease-free survival rates 
approaching only 20% (76) suggesting a proportion of this 
patient cohort harbour subclinical metastases. Combining 
SABR with immunotherapy in this context may elicit the 
systemic immune response required to target and possibly 
eliminate the non-visible tumour burden thereby delaying 
disease progression, potentially improving overall survival 
rates. 

Case reports describing the remarkable abscopal effects 
in patients with more extensive metastatic disease suggest 
that this cohort may also benefit from combination SABR 
and immunotherapy treatment. However, in one of the few 
phase III trials evaluating this approach in patients with 
metastatic prostate cancer, a survival benefit was only seen 
in a subgroup of men with favourable prognostic factors, 
most notably a smaller disease burden and the absence 
of visceral metastasis (77). It is possible that the systemic 
immune effects arising from combining radiation with 
immunotherapy may be more effective in the elimination 
of subclinical rather than bulky metastasis and perhaps our 
initial focus should be in those with more limited disease. 

This review has focused on combining radiotherapy with 
immune-checkpoint inhibition, but there are a number of 
other immune strategies in various stages of development. 
These include cytotoxic gene therapy utilising oncolytic 
viruses (78), chimeric antigen receptor T cells (79,80) and a 
variety of therapeutic cancer vaccines (81,82). Sipuleucel T 
is an immune vaccine consisting of APCs activated ex-vivo  
by a recombinant fusion protein made up of prostatic 
antigens fused to an immune-cell activator. In the treatment 
of castrate-resistant metastatic prostate cancer, monotherapy 
with sipuleucel T has been shown to improve overall 
survival in three double-blinded, randomised controlled 
trials (83-85). Potentially augmenting this response further 
by combining such cancer vaccines with radiation is an 
exciting prospect for the future. 

Finally, an important point highlighted by the trials 
with sipuleucel T is the difficulty in monitoring the 
clinical response to immunotherapy. The IMPACT 
trial saw a significant improvement in overall survival 
despite no objective response being observed on serial 
computer tomography and bone scanning (85). The initial 
response to immunotherapy can be notoriously difficult 
to interpret, with T cell infiltration and inflammation 
resulting in the enlargement or development of new lesions 
commonly misinterpreted as disease progression. Taking 
this into consideration, immune-related response criteria 
as an alternative to conventional RECIST measures in 
evaluating anti-tumour responses to immunotherapy have 
been proposed (Table 2) (86), although these criteria may 
fail to fully characterize all relevant patterns of clinical 
activity. It is accepted that the identification of generic 
immune biomarkers may prove difficult given the highly 
individualised nature of tumour mutations and MHC 
haplotypes. Nevertheless, future efforts should be directed 
towards identifying such immunological readouts to 
supplement the more traditional measures used to assess 
response which may not provide a complete and accurate 
evaluation of immunotherapeutic agents. 

Conclusions

The ability of radiation therapy to elicit a systemic anti-
tumour immune response is not a novel concept, nor is the 
proposal to combine radiotherapy with immunotherapy, 
the benefits of which have long been demonstrated in 
laboratory studies. Recent advances in our understanding of 
T-cell immune biology and regulatory processes have led to 
the development of systemic immune-checkpoint inhibitors 
that are providing consistent responses in the clinic. Pre-
clinical studies suggest that SABR-like dosing regimens may 
be the most immunogenic and therefore the most optimal in 
augmenting the anti-tumour immune response when given 
in combination with immune-checkpoint inhibitors. Almost 
all clinical case reports demonstrating abscopal effects 
resulting from combination treatment used doses consistent 
with SABR. There are currently well over 60 published 
and ongoing clinical trials investigating this synergistic 
therapeutic approach with many more anticipated over the 
coming years. A number of challenges remain, particularly 
with regards to the most optimal sequencing of treatment, 
appropriate patient selection and accurate monitoring of 
disease response. The results of current research efforts 
will undoubtedly provide vital further information to drive 
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forward our clinical practice within this exciting new field 
of combination immuno-radiotherapy. 
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