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Abstract

An ‘abscopal’ effect if often used to refer to distant tumour regression after localised irradiation. Since the first report of the abscopal effect in the 1950s, well-
documented cases with radiotherapy alone are very rare. It is widely accepted that the immune response plays an important role in the abscopal effect, although
the mechanism is still unclear. With the recent success of cancer immunotherapy, there is growing interest in combining immunotherapy with radiotherapy to
boost abscopal response rates. Compared with conventional radiotherapy, stereotactic ablative radiotherapy (SABR) not only delivers ablative dose to the
tumour, but may also induce robust immune responses. In this review we examine studies that combine SABR and immunotherapy. We review the preclinical
rationale for SABR and immunotherapy combinations, the case for and against abscopal effects, and the current landscape of clinical trials.

© 2019 The Royal College of Radiologists. Published by Elsevier Ltd. All rights reserved.
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Statement of Search Strategies Used and
Sources of Information

We carried out a structured search of peer-reviewed ar-
ticles on MEDLINE between January 2000 and December
2018. We also searched the registered clinical trials on
clinicaltrials.gov and anzctrorg.au. The search terms
included stereotactic ablative body radiotherapy, stereo-
tactic radiosurgery, immunotherapy, immune checkpoint
inhibitors, abscopal effect.

Introduction

Radiotherapy plays a crucial role in cancer treatment,
especially for local control of disease recurrence or pro-
gression. However, there is accumulating evidence that
locally applied radiotherapy can induce a systemic
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antitumour effect, as evidenced by the regression of tumour
in distant non-irradiated sites [1]. The systemic effect of
radiotherapy, or ‘abscopal effect’ (from the Latin ab scopus,
away from the target), was first introduced by Mole in 1953
[2] to describe the phenomenon of regression of metastatic
cancer ‘at a distance from the irradiated volume but within
the same organism’. It is currently accepted that immune
mechanisms are the underlying driving forces [3], although
some components of DNA damage effects have been
implicated [4]. Clinical cases of abscopal effects secondary
to conventional radiotherapy (i.e. 1.8—2 Gy per fraction) are
rare [1,5]. With the advance in radiotherapy technology, we
are now able to deliver short courses of very large dose per
fraction radiotherapy to the target with acceptable toxicity
to normal tissue. Stereotactic ablative radiotherapy (SABR)
is a modern radiation technique to deliver one to five frac-
tions of doses above 6 Gy per fraction to small target vol-
umes. Ablative doses have more potential to generate
systemic antitumour immune responses compared with
conventional radiotherapy [1,6]. With increasing utilisation
of immunotherapy [7], abscopal effects are being increas-
ingly observed, and efforts to exploit this effect are
increasing [8]. Here we will briefly outline the mechanism
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of SABR-induced immune response and its synergistic effect
with an immune modulator. We will present and discuss
the latest clinical reports and data on the combination of
SABR and immunotherapy in both the metastatic and non-
metastatic settings.

Statement of Search Strategies

For this review we carried out a structured search of
peer-reviewed articles on MEDLINE between January 2000
and December 2018. We also searched the registered clin-
ical trials on clinicaltrials.gov and anzctr.org.au. The search
terms included stereotactic ablative body radiotherapy,
stereotactic radiosurgery, immunotherapy, immune check-
point inhibitors, abscopal effect.

Radiation and Immune Responses

Classic radiation biology has been focused on
radiation-induced DNA damage resulting in cell cycle
inhibition as well as cell death through apoptosis, ne-
crosis and autophagy [9]. There is substantial evidence
that locally applied radiation can also stimulate systemic
immune responses, leading to enhanced tumour cell
recognition and tumour death by the immune system
[10]. Radiation, especially SABR, not only causes lethal
damage of tumour cell to release tumour-associated an-
tigens [11], but also enhances major histocompatibility
complex class 1 surface expression [12], calreticulin
expression [13] and the release of HMGB1, a damage-
associated molecular pattern. These events lead to den-
dritic cell activation [14]. Radiation-induced cytokine
release, principally type I and type II interferons, also
plays a role in dendritic cell activation [15]. The activated
dendritic cells migrate to lymph nodes to present the
antigen to T cells [12] and result in tumour-specific T cell
activation and proliferation [16]. T cell activation alone is
not sufficient for tumour eradication. Radiation can also
lead to lymphocytes infiltrating into the tumour by two
main mechanisms: (i) normalising tumour vasculature
[17] and increasing expression of endothelial adhesion
molecules [18] to enhance immune cell extravasation; (ii)
releasing chemokine to attract immune cell migration
and invasion [19]. A schematic of these events is illus-
trated in Figure 1.

With the emergence of immune checkpoint inhibitor
(ICI) there has been a renewed interest in the abscopal
response [20]. Although immunotherapy has been associ-
ated with impressive response rates in several cancer en-
tities, the overall response rate for monotherapy is modest,
e.g. 11% with ipilimumab monotherapy in metastatic mel-
anoma [21], and ICIs may be associated with severe toxic
effects. Responses to immunotherapy preferentially occur
in tumours with a rich infiltration of dendritic cell and
CD8+ T cells, which have been described as the T cell
‘inflamed phenotype’ or ‘hot’ tumour [22]. Unfortunately,
‘cold’ tumours (i.e. tumours with a poor infiltration of T

lymphocytes) constitute the most frequent phenotype
among solid tumours. The radiation-induced immune
response may be able to turn a ‘cold’ tumour into a ‘hot’
tumour.

Selected Preclinical Data of Immune
Therapy and Radiotherapy Combination

Preclinical studies have exploited different immune
response pathways to enhance the immune system and
increase the radiation abscopal response. In a metastatic
Lewis lung carcinoma model, combined treatment of a
single dose of 60 Gy to one tumour site and Fms-like tyro-
sine kinase receptor 3 ligand, a growth factor for dendritic
cells, reduced non-irradiated pulmonary metastasis and
improved disease-free survival at 20 weeks by 56% [23]. The
dendritic cell-mediated abscopal response was further
confirmed in a poorly immunogenic mammary carcinoma
model [3]. This abscopal effect was lost in athymic mice,
indicating a T cell-mediated mechanism [24]. The systemic
effect of radiation can also be achieved by directly
enhancing T cell function by interleukin-2 (IL-2) [25].
Demaria et al. [26] used a combination of CTLA-4 blockade
and radiotherapy in preclinical models. This combination
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Fig 1. Mechanism of radiation-induced immune response. (1)
Tumour cells release tumour antigens after irradiation; (2) tumour
antigen can be taken up by dendritic cells (DC, i.e. antigen-presenting
cells), which travels to regional lymph nodes; (3) this leads to priming
and activation of naive T cells in regional nodes via the interaction of
T cell receptors on T cells and major histocompatibility complex class |
(MHC-I) on dendritic cells. In parallel to this stimulation, pro-
grammed death-ligand 1 (PD-L1) ligands bind to the PD-1 T cell re-
ceptor and sends an inhibitory signal to the same T cells suppressing
their immune response. On the dendritic cells, an additional inhibi-
tory signal can occur with CD80/CD86 and CTLA-4 receptors on T
cells. Therapies with monoclonal antibodies anti-PD-1/anti-PD-L1
and anti-CTLA-4 block these inhibitory signals; (4) trafficking of
activated tumour-specific T cells; (5) infiltration of T cells into tumour
in both irradiated sites and non-irradiated metastatic sites; (6)
recognition of cancer cells by T cells and killing of cancer cells.
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significantly improved tumour control, reduced lung me-
tastases and increased survival of a metastatic mouse
mammary carcinoma model compared with monotherapy
[26]. In the subsequent study [27], this group showed that
CTLA-4 blockade enhanced the abscopal response using a
bilateral flank model in which the primary flank tumour
was irradiated and a smaller secondary flank tumour was
shielded from radiation. Programmed death-ligand 1 (PD-
L1) is upregulated in the tumour microenvironment after
irradiation. Administration of anti-PD-L1 antibody
improved local control by radiotherapy through a cytotoxic
T cell-dependent mechanism [28]. Using the small animal
radiation research platform, stereotactic radiotherapy
combined with anti-PD-1 therapy significantly improved
tumour control and enhanced the development of T cell and
B cell antitumour responses [12]. Park et al. [29] also re-
ported that this strategy not only induces near complete
regression of the irradiated primary tumour, but also eli-
cited a 66% reduction in size of non-irradiated tumour in-
dependent of tumour histology or host genetic background.
The abscopal response is further enhanced by concurrent
administration of bone marrow-derived dendritic cells
in vivo [30].

Case Reports of the Abscopal Effect of
Radiotherapy with Immunotherapy

The incidence of abscopal effects of radiotherapy alone is
very low. There were no more than 50 well-documented
cases reported in the literature between 1960 and 2014,
despite millions of patients being treated with radiotherapy
worldwide [1,5,31]. Since the seminal case report of a sus-
tained complete response in a patient with metastatic
melanoma treated with a combination of stereotactic
radiotherapy to a single paraspinal mass and ipilimumab by
Postow et al. [32], the abscopal response has been recog-
nised in an increasing number of case reports of patients
receiving radiotherapy and immunotherapy for melanoma
[33—37], non-small cell lung cancer (NSCLC) [38], breast
cancer [39,40], gastrointestinal malignancies [41—43], renal
cell carcinoma [44,45], cervical cancer [46]| and lymphoma
[47]. Interestingly, abscopal effects occur not only in sce-
narios of radiotherapy to single or multiple extracranial
metastatic sites but can be induced by stereotactic radio-
surgery (SRS) for cranial metastasis [35,36].

Combining Radiotherapy and
Immunotherapy in the Metastatic Setting

Current indications for immunotherapy mostly relate to
use in the metastatic setting, in which palliative radio-
therapy also plays an important role. To address the benefit
of the combination of radiotherapy and immunotherapy,
several retrospective analyses has been published recently.
In the secondary analysis KEYNOTE-001 (a phase I study to
evaluate the safety and antitumour activity of pem-
brolizumab in advanced NSCLC patients progressing on

palliative chemotherapy [48]), Shaverdian et al. [49] re-
ported that prior radiotherapy in patients with metastatic
NSCLC was associated with increased progression-free
survival (PFS) and overall survival compared with treat-
ment with pembrolizumab alone. A similar finding was also
reported in a systemic review of 127 consecutive melanoma
patients treated with combined ipilimumab and radio-
therapy compared with ipilimumab therapy alone [50].In a
recent meta-analysis of 17 studies of a combination of SRS
and ICI for brain metastases, 1-year overall survival was
64.6% with concurrent therapy and 51.6% with non-
concurrent therapy (P < 0.001). Regional brain control at
1 year was 38.1% with concurrent administration and 12.3%
with immunotherapy given prior to SRS (P = 0.049) [51].

These results have set the stage for multiple phase I/II
studies to investigate the efficacy and to evaluate the safety
of the combination of treatment. In the studies published
this far, it seems that the combination of SABR and ICI is
tolerable (Table 1). Most grade 3 or 4 side-effects were
related to immunotherapy and the addition of radiotherapy
did not modify them. CTLA-4 blockade has not shown ac-
tivity in NSCLC as a single agent, but its combination with
SABR to a single disease site led to an 18% (7/39) objective
response rate (ORR) in a recently published phase II study,
including two complete responses and five partial re-
sponses [52]. The ORR was between 10 and 13.2% in the
cohort of mixed tumour entities when SABR was delivered
in combination with ipilimumab [53]. The ORR is similar to
that observed in the KEYNOTE-28 study (9—33% response
rate) of unselected patients who were tested with pem-
brolizumab alone [54]. Other phase I/II trials testing various
SABR and immunotherapy strategies in the metastatic
setting are listed in Table 2.

One strategy to combine SABR with immunotherapy in
the metastatic setting is to deliver SABR to a single index
lesion before the start of immunotherapy as an in vivo
vaccination. The preliminary data from the PEMBRO-RT trial
[82], which was recently presented at ASCO 2018, showed
significant benefit in patients with metastatic NSCLC who
progressed on second-line chemotherapy. In the experi-
mental arm, patients received SABR 24 Gy in three fractions
to a single metastatic lesion 7 days before the treatment
with pembrolizumab. The control arm received pem-
brolizumab alone. The ORR at 12 weeks was 19% in the
control arm (n = 32) versus 41% in the experimental arm
(n = 32). In the experimental arm, one patient had a com-
plete response and 12 patients had a partial response. There
was no complete response in the control arm. The ORR of
combined therapy was higher than the non-selected PD-L1
expression NSCLC cohort who received PD-1 immuno-
therapy alone [48]. The median PFS was 1.8 months in the
control arm versus 6.4 months in the experimental arm
(hazard ratio 0.55, confidence interval 0.31—0.98, P = 0.04).
The combination therapy was well tolerated. On the con-
trary, in a similar phase II study in metastatic head and neck
squamous cell carcinoma, including nasopharyngeal squa-
mous cell carcinoma, the combination of SABR and ICI failed
to improve ORR and PFS [83]. In this study, the experimental
arm received 27 Gy in three fractions to a single metastatic



Table 1
Phase I and II studies of stereotactic ablative radiotherapy (SABR) or fractionated radiotherapy to the metastatic sites in combination with immunotherapy

Reference/study Cancer type Intervention No. Radiotherapy technique/ ORR (%) Complete Partial Stable Grade 3/4
name/NCT number patients  fractionation response (n) response (n) disease (n) toxicity (n/
total no.
patients)
iMOSART [55]/NCT Mixed SABR — pembrolizumab 79 SABR to 2 metastatic 13.2 1 8 21 6/73
02608385 within 7 days lesions with 30—50 Gy in
3-5 fractions
Tang et al. [53]/ Mixed SABR + concurrent/ 31 SABR 50 Gy/4 fractions or 10 0 3 7 12/35
NCT02239900 sequential ipilimumab 60 Gy/10 fractions
Sundahl et al. [56] Urothelial SABR + concurrent/ 18 SABR 27 Gy/3 fractions to 44 1 3 NR 1/18
carcinoma sequential pembrolizumab 1 metastatic lesion (concurrent
arm)
Formenti et al. NSCLC SABR + concurrent 39 SABR 24 Gy/4 fractions or 18 2 5 5 14/39
[52]/ ipilimumab 27 Gy/3 fractions to
NCT02221739 single disease site
RADVAX™ [57]/ Melanoma SABR — ipilimumab 22 SABR to single index 18 NR NR NR NR
NCT01497808 lesion

Lung/bone, 16 Gy/2
fractions or 24 Gy/3
fractions
Liver/subcutaneous, 12
Gy/2 fractions or 18 Gy/3

fractions
Hiniker et al. [58] Melanoma Radiotherapy + concurrent 22 SABR, 3DCRT and IMRT to 22 3 3 5 3/22
ipilimumab 1 or 2 lesions
Williams et al. Melanoma with SRS — ipilimumab 16 SRS (n = 11), WBRT NR 0 1 5 2/16
[59]/ brain WBRT + concurrent (n=05)
NCT01703507 metastasis ipilimumab
Seung et al. [60] Melanoma SABR — IL-2 12 1, 2 or 3 doses of 20 Gy| 66.7 1 7 1 NR
and RCC fraction

3DCRT, three-dimensional conformal radiotherapy; IL-2, interleukin-2; IMRT, intensity-modulated radiotherapy; NSCLC, non-small cell lung cancer; ORR, objective response rate;
RCC, renal cell carcinoma; SRS, stereotactic radiosurgery; WBRT, whole-brain radiotherapy.
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Table 2

Proposed and ongoing clinical trials testing stereotactic ablative radiotherapy (SABR) in combination with immunotherapy

Trial number
[reference]

Trial status Phase Estimated

enrolment agents

(n)

Immunotherapy Dose fractionation

Time of

immunotherapy

Study arms

Primary end point

Stage IV non-small cell lung cancer
ACTRN12616000352404 Recruiting I

[61]
NCT03307759 [62]

NCT02839265 [63]

NCT03223155 [64]
NCT03705403 [65]

NCT03275597 [66]

NCT03391869 [67]

Stage IV melanoma
NCT03340129 [68]
NCT01416831 [69]

Stage IV breast cancer
NCT02303366 [70]

NCT03464942 [71]

NCT01862900 [72]

Recruiting Ib

Recruiting I

Recruiting 1
Not open I

Recruiting Ib

Recruiting Il

Not open I

Active, not I
recruiting

Complete Ib

Not open I

Active, not /I
recruiting

Head and neck squamous cell carcinoma

NCT03283605 [73]

NCT03546582 [74]

NCT02684253 [75]

Mixed solid tumour

Recruiting /I

Recruiting I

Active, not I
recruiting

120 Nivolumab

32 Pembrolizumab

29 FLT3 ligand
(CDX-301)

80 Nivolumab/
ipilimumab

130 L19-1L2"

21 Durvalumab +

tremelimumab

270 Nivolumab +
ipilimumab

155 Nivolumab +
ipilimumab

43 High dose IL-2

15 Pembrolizumab

52 Atezolizumab

14 MEDI6469

(anti-0X40)

45 Duralumab +

tremelimumab
102 Pembrolizumab
65 Nivolumab

18—20 Gy/1 fraction Sequential

to >1 metastasis

18—20 Gy/1 fraction Sequential

to 1-3 metastases
34 Gy/1 fraction
(lesion <2 cm); 54
Gy/3 fractions and
50 Gy/5 fractions
(central lesion)
2—4 sites within 2
weeks

SABR to all sites
(maximum 3)
SABR to all sites
(maximum 3) 30
—50 Gy/5 fractions

SRS 16—22 Gy in 1
fraction
SABR up to 3 sites

SABR to 1-5
metastases

20 Gy/1 fraction or
24 Gy/3 fractions to
1—4 metastases

30 or 40 Gy in 2
fractions

SABR to 25 sites

SABR to recurrence
or second head and
neck malignancy
27 Gy/3 fractions to
single lesion

Concurrent

Sequential

Sequential

Concurrent

Concurrent

Concurrent

Sequential

Sequential

Concurrent

Sequential

Sequential

Concurrent

SABR — immunotherapy
versus immunotherapy

SABR — immunotherapy
versus immunotherapy — SABR
Single

Concurrent versus

sequential immunotherapy
SABR versus SABR -+ L19-IL2
Single

Nivolumab + ipilimumab
versus nivolumab + ipilimumab +
LCT (RO versus surgery)

SRS + nivolumab + ipilimumab
versus nivolumab + ipilimumab
SABR + IL-2 versus SABR

Single

20 Gy/1 fraction versus
24 Gy/3 fractions

Single

Single

SABR + pembrolizumab
versus SABR alone

SABR + nivolumab
versus SABR

PES at 6 months, ORR
Safety

PFS, toxicity

Toxicity
PES, overall survival

Safety and feasibility

Overall survival, PFS

Intracranial response
to immunotherapy
Change in diameter
of target lesions
Safety

Safety, PFS

Tolerance and safety

Tolerance and safety

PFS and overall
survival

Overall response rate

154
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NCT03693014 [76]

NCT02843165 [77]

NCT03431948 [78]

NCT02710253 [79]

Prostate cancer

ACTRN12618000954224
[80]

NCT03007732 [81]

Recruiting

Recruiting

Recruiting

Recruiting

Recruiting

Recruiting

60

146

60

150

25

42

Ipilimumab/ SABR 27 Gy/3 Concurrent
nivolumab/ fractions to 1-3

Pembolizumab/ sites

atezolizumab

PD-1/PD-L1 28.5 Gy/3 fractions Concurrent
blockade

Nivolumab/ SABR 30—50 Gy to  Concurrent
cabiralizumab/ multiple lesions

urelumab
Multiple 50 Gy/4 fractions; 60 Concurrent
immunotherapy —70 Gy/10 fractions;
20—-30 Gy/5
fractions; 30—45 Gy/
10—15 fractions
Avelumab 18—20 Gy/1 fraction Sequential

to 2—3 metastases
Pembrolizumab 35 Gy/5 fractions Concurrent

Single arm (SABR as salvage)

SABR + immunotherapy
versus immunotherapy

Arm 1: SABR + nivolumab +
urelumab

Arm 2: SABR + nivolumab +
cabiralizumab

Single

Single

SABR versus conventional
radiotherapy

ORR

ORR

Dose fractionation

Systemic disease
control

Radiological PFS
at 24 weeks
Change rate of PSA

FLT3, Fms-like tyrosine kinase receptor 3; IL-2, interleukin-2; LCT, local control treatment; ORR, objective response rate; PFS, progression-free survival; PSA, prostate-specific antigen;
SRS, stereotactic radiosurgery.
* L19-IL2 is a recombinant fusion protein composed of two moieties: L19, a human monoclonal antibody fragment in the single chain Fv (scFv) format, bound via a flexible linker to

IL-2.
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lesion (59% are pulmonary metastasis) between the first
and second dose of nivolumab. Kwon et al. [84] conducted a
phase Il randomised placebo-controlled trial (CA184-043)
to assess the ability of ipilimumab to extend overall survival
in patients with metastatic castration-resistant prostate
cancer who had progressed after docetaxel. A single dose (8
Gy) of bone-directed radiotherapy was delivered in all pa-
tients prior to ipilimumab or placebo. Addition of ipilimu-
mab to radiotherapy improved PFS, but not overall survival,
although there was a trend towards an improvement in
overall survival. In an unplanned subgroup analysis, pa-
tients with favourable metastatic prostate cancer as defined
by three baseline factors (low alkaline phosphatase con-
centration, haemoglobin >110 g/l and no visceral metasta-
ses) appeared to derive benefit from ipilimumab therapy
followed single 8 Gy bone-directed radiotherapy (median
overall survival 22.7 versus 15.8 months, hazard ratio 0.62)
[84]. As illustrated by these studies, response rates vary
quite significantly for immunotherapy and SABR combina-
tions in different tumour entities and this may reflect the
tumour biology (e.g. ‘cold’ tumour versus ‘hot’ tumour) in
response to immunotherapy.

Another strategy to combine radiotherapy and immu-
notherapy is to introduce the radiotherapy as salvage when
the patients progress on the immunotherapy. It has been
detailed in several case reports that SABR to single tumour
sites has resulted in a systemic response in patients with
metastatic melanoma progressing on immunotherapy
[32,33]. The ongoing phase II trial (NCT02710253) [85] was
designed to test the hypothesis in mixed tumour entities.
Salvage radiotherapy utilised in this trial consisted of
standard dose SABR (50 Gy in four fractions or 60—70 Gy in
10 fractions) or conventional external beam radiation. The
ABC-X study (NCT03340129) [68] is an open-label, non-
randomised study of ipilimumab and nivolumab with
salvage radiotherapy (SRS or whole-brain radiotherapy) in
patients with stage IV melanoma progressing intracranially
on immunotherapy; the results of this study are awaited.

Maximising the Likelihood of Abscopal
Effects: are Two Targets Better than One?

Although previous studies have focused on irradiating
only one site in order to maximise the number of unirra-
diated measurable disease sites for response assessment,
there is biological rationale for irradiating multiple sites.
Through multisite irradiation, tumoural heterogeneity may
result in additional exposure of tumour-associated anti-
gens, and certain organs may be more favourable in
mounting an immune response than others. For example, a
phase I study showed that liver irradiation is associated
with greater systemic immune activation than lung irradi-
ation [53].

Two studies in the pre-ICI era showed modest synergistic
response when combining radiotherapy with immuno-
modulatory agents. Golden et al. [86] reported an abscopal
effect rate of 25% (11/41 patients) in a prospective single-
arm study (NCT02474186) of the combination of

chemoradiotherapy with granulocyte-macrophage colony-
stimulating factor in patients with metastatic solid cancer.
In another early phase I study, concurrent SABR (20 Gy x 1,
2 or 3) with IL-2 achieved an ORR of 66.6% (one complete
response; seven partial responses) in 12 patients with
metastatic melanoma and renal cell cancer [60]. Histori-
cally, the ORR of single IL-2 treatment was about 20% [87].
Results of two phase I trials of combination with ipilimu-
mab and SABR in patients with metastatic melanoma have
been published so far. Twyman-Saint Victor et al. [88] re-
ported an 18% ORR in 22 patients when a single index lesion
was irradiated. The radiotherapy doses were 16 Gy in two
fractions for pulmonary lesions, 24 Gy in three fractions for
bony lesions, 12 Gy in two fractions for liver lesions and 18
Gy in three fractions for subcutaneous lesions. There were
no complete abscopal responses observed, but a durable
partial response was achieved without added toxic effects.
On the contrary, a relatively higher ORR of 27% was reported
by Hiniker et al. [58] when one to two disease sites were
irritated. In this cohort, 11 of 22 evaluable patients achieved
a clinical benefit. Three patients had a complete response at
a median follow-up of 55 weeks, three patients had a partial
response for a median of 40 weeks and five patients had
stable disease for a median of 39 weeks.

The complete response rate in all the studies mentioned
above is low and this raises the question of whether the
abscopal effect of radiation is a meaningful clinical entity
[89]. In a phase II study of a heavily pretreated advanced
solid tumour population (iMOSART, NCT02608385), multi-
site SABR followed by pembrolizumab led to excellent
tumour control in both partially and fully irradiated tu-
mours. Luke et al. [55] observed a median overall survival of
9.6 months despite a PFS of 3.1 months. They interpreted
the comparatively long overall survival being achieved as
the result of tumour debulking by irradiating the largest
tumours or those likely to cause injury or death to the pa-
tient, relieving the immunosuppressive effects of large tu-
mours and affording immunotherapy agents sufficient time
to generate an effect. There was only one complete response
and eight partial responses in 68 patients, as per RECIST
criteria, in this study. Thus, the benefit of adding radiation
to immunotherapy might be mediated through effects other
than the abscopal response.

Combining Immunotherapy with
Radiotherapy in the Curative Setting:
Moving Beyond Abscopal Effects

Immunotherapy has shown significant benefits in pa-
tients with metastatic NSCLC in multiple phase III trials
[90,91]. There is growing interest in integrating immuno-
therapy in definitive radiotherapy in NSCLC. In the land-
mark PACIFIC trial, adjuvant therapy with durvalumab
following radical chemoradiotherapy in patients with stage
III NSCLC significantly improved medial PFS (17.2 versus 5.6
months) and overall survival at 24 months (66.3%, confi-
dence interval 61.7—70.4 versus. 55.6%, confidence interval
48.9-61.8, P = 0.005) [92]. Furthermore, durvalumab
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therapy resulted in a longer time to death or distant
metastasis, suggesting that the drug not only works at the
local level but also at the distant level. Interestingly, a
subgroup analysis showed that patients who started dur-
valumab within 14 days after radical chemoradiotherapy
benefited more, indicating a plausible synergistic effect of
radiotherapy and immunotherapy if delivered in a timely
manner. The combination therapy had similar high-grade
all-causality adverse events compared with chemo-
radiotherapy alone. The other area that is being investi-
gated at the moment is the incorporation of
immunotherapy after SABR in the treatment of early stage
NSCLC. A retrospective study reporting outcomes
following SABR for early stage NSCLC reported that distant
failure accounted for over 66% of recurrence after treat-
ment with SABR alone [93]. It is hypothesised that anti-PD
therapy in combination with SABR may sterilise subclinical
disease and increase cure rates. Two phase II trials are
open at the early enrolment stage to test this hypothesis to
compare adding nivolumab (I-SABR, NCT03110978) [94] or
durvalumab (ASTEROID, NCT03446547) [95] after SABR
with SABR alone. Other similar trials are summarised in
Table 3. Given the propensity of NSCLC to metastasise, it is
unclear whether early systemic immunotherapy enhances
the radiation-related immune response on occult meta-
static sites (early abscopal effect) or works synergistically
with radiotherapy in the adjuvant setting. In the PACIFIC
trial there was minimal crossover to the immunotherapy
arm and positron emission tomography staging was not
mandated. Future studies with true crossover will help to
answer this question.

Unanswered Questions: Future Research
Areas for Radiotherapy and
Immunotherapy Combinations

Optimising Dose per Fractionation

The optimal radiation dose and fractionation for
enhancing the abscopal effect or the interaction with an
ICI is yet to be determined. Some preclinical data suggest
that single-fraction radiation is better than multiple
fractionation [11], but others suggest that fractionated
radiotherapy works better [27]. In a recent seminar pa-
per by Vanpouille-Box et al. [99], a single dose in excess
of 10—12 Gy induced DNA exonuclease Trex1, which
abrogated the dendritic cell activation pathways. This
study also proposed that 24 Gy in three fractions is the
optimal dose to induce the abscopal effect in vivo. By
contrast, Filatenkov et al. [100] reported that a single 30
Gy ablative dose induced a more robust tumour immune
response compared with a fractionated radiation
regimen in a murine colon cancer model. Clinical data
that directly compare different doses and fractionations
are lacking. The Trans-Tasman Radiation Oncology Group
(TROG) phase 11 AZTEC study (NCT 03464942) is
currently recruiting to compare the efficacy of 24 Gy in

Table 3

Trials of stereotactic ablative radiotherapy (SABR) in combination with anti-PD therapy in early stage non-small cell lung cancer in set-up or recruiting

Primary end point

Time of immunotherapy Study arms

Trial status Phase Estimated Immunotherapy Dose fractionation

Study name

enrolment agents

(n)

[reference]/NCT number

SABR + immunotherapy Event-free survival

SABR; every 2 weeks for versus SABR alone

50 Gy/4 fractions or Before and after first
a total of 7 doses

70 Gy/10 fractions

140 Nivolumab

11

Recruiting

I-SABR [94]/NCT03110978

SABR + immunotherapy Time to progression

versus SABR alone

After radiotherapy

NA

Durvalumab

216

11

ASTEROID [95]/NCT03446547 Recruiting

Safety and tolerability;
relapse-free survival
Assessment of lung

toxicity

Single

ons or After radiotherapy

ons

ons or After final radiotherapy Single

within 24 h
ons or After radiotherapy

ons
ons

Tolerability

Single

B A1

48 Gy/4 fract

56 Avelumab

Active, not /Il

recruiting
Not open

NCT03050554 [96]

50 Gy/5 fract

Nivolumab 54 Gy/4 fract

31

11

STILE [97]/NCT03383302

55 Gy/5 fract

Pembrolizumab 50 Gy/5 fract

[ 15

Not open

NCT03574220 [98]

60 Gy/3 fract

439
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three fractions versus single 20 Gy SABR in combination
with atezolizumab in metastatic triple-negative breast
cancer.

Single-site versus Multisite Irradiation

Brooks and Chang [101] proposed comprehensive
irradiation of multiple/all lesions in order to enhance the
likelihood of obtaining a meaningful clinical outcome. As
discussed earlier, irradiating multiple sites of disease
may maximise exposure of the tumour antigen and
overcome the immune suppressant microenvironment of
each tumour site. The preliminary data of the PEMBO-RT
trial showed a meaningful clinical outcome (i.e. PFS
benefit) when SABR was delivered to three sites [82]. By
contrast, the phase IIl CA184-043 trial [84] failed to show
an overall survival benefit of a combination of single-site
bone irradiation and CTLA-4 blockade. Furthermore, the
SABR-COMET trial [102], which was just presented at
ASTRO 2018, showed an overall survival benefit of abla-
tive radiotherapy alone to multiple metastatic tumour
sites (up to five sites). It is yet to be confirmed whether
the overall survival benefit derived from maximising
local control by treating multiple disease sites or another
underlying mechanism (i.e. enhancing the immune
system).

The Promise of Stereotactic Ablative Radiotherapy as a
Partner for Immunotherapy

Compared with conventional radiotherapy, SABR in-
duces a more robust immune response by releasing a
large amount of tumour-associated antigens [12] and
enhancing CD8+ T cell infiltration [16]. SABR is able to
spare the radiation dose to the drainage lymph nodes,
allowing T cell priming [103]. The high and durable local
control with SABR can lead to a decrease in the likelihood
of metastases causing harm and allow the immuno-
therapy agents sufficient time to generate an effect.
Compared with other cytotoxic agents or targeted agents,
radiotherapy is unique as a partner for immunotherapy in
that it is readily available, well tolerated, as shown in
multiple phase I and II trials, and part of the standard of
care for most cancers.

Conclusions

There is mounting evidence that an immune response-
mediated cell kill is one of the key mechanisms of effect
in radiotherapy. Radiotherapy, and specifically SABR, in
combination with immunotherapy is a promising strategy
to enhance the effect of immunotherapy with tolerable
side-effects and there is increasing evidence of a synergistic
benefit to this combination. A number of clinical studies are
now in progress that are examining both the disease setting
and the optimal sequence of SABR and immunotherapy
combinations.
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