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Summary

Previous preclinical and clinical trials have shown promising antitumour activ-
ity and toxicity profile when employing the ‘Synergy between Immunotherapy
and Radiotherapy’ (SITAR) strategy. Approximately, one in seven radiation
therapy studies currently recruiting is investigating SITAR. This article reviews
the range of cancers known to respond to immunotherapy and publications
analysing SITAR. It sets the background for work that needs to be done in
future clinical trials. It also reviews the potential toxicities of immunotherapy
and discusses areas where caution is required when combining treatments.

Key words: checkpoint inhibitor; immunotherapy; radiotherapy; SABR; stereo-
tactic.

Introduction

In 1979, Stone et al.1 proved an association between
radiation therapy and the immune system by showing
that a higher dose of radiation therapy was needed to
control sarcoma in mice following thymectomy or total
body irradiation. Furthermore, clinically, we occasionally
see metastases regress outside the irradiated volume, a
phenomenon called the abscopal effect.2 Various mecha-
nisms have been proposed based on preclinical models
which may lead to tumour ‘rejection’ by the immune
system.3 The anti-tumour immune response is tightly
regulated by immune checkpoints, whereby immune-cell
surface receptors control either the activation or
the inhibition of immune responses.4 Examples of
immune checkpoint inhibitors include PD-1/PD-L1 axis
inhibitors, such as atezolizumab, avelumab, nivolumab,
pembrolizumab, and durvalumab or cytotoxic T-
lymphocyte-associated protein 4 (CTLA-4) inhibitors,
such as ipilimumab.5–18 Table 1 summarises the target,

type of antibody, approved uses, response rates, and the
toxicity rates of the most common immune checkpoint
inhibitors used in practice. Table 1 also highlights that
immunotherapy is currently proven effective in selected
cancers only. Even in cancers where it provides a survival
benefit, many patients still do not respond. Table 1 high-
lights the rates of grades 3 and 4 toxicities with
immunotherapy alone and stresses the importance of
having future randomised controlled trials to evaluate
the safety of immunotherapy–radiation therapy combina-
tion treatment.

This review covers the most clinically available
immunotherapy agents, the cancers they are active in,
and we discuss published radiation therapy–immunother-
apy studies. It summarises the current clinical evidence
for ‘Synergy between Immunotherapy and Radiotherapy’
(SITAR). A summary of SITAR publications is provided in
Table 2, including the year, cancer type, intent, number
of patients, phase of the study, sequencing of treatment,
the dose of radiation therapy and results and toxicity.
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Lung cancer

The double-blinded phase III PACIFIC clinical trial
demonstrated the efficacy of durvalumab sequentially
after chemoradiotherapy (CRT) in stage III NSCLC. The
18-month progression-free survival (PFS) rate was
increased from 27.0% to 44.2%, and durvalumab signifi-
cantly prolonged the overall survival compared with pla-
cebo with a hazard ratio of 0.68.42 Patients who had
previously experienced Grade 2 or higher pneumonitis
from CRT were excluded. In patients who received dur-
valumab, as compared with those who received placebo,
pneumonitis or radiation pneumonitis of any grade
occurred in 33.9% and 24.8% and pneumonitis or radia-
tion pneumonitis of grade 3 or 4 occurred in 3.4% and
2.6%, that is, pneumonitis was more common in

patients receiving subsequent immunotherapy, but was
primarily low grade.17 The next step for stage III lung
cancer is to evaluate concurrent immunotherapy and
radiotherapy. NICOLAS is a phase-II trial evaluating the
safety and efficacy of nivolumab combined with CRT in
stage III NSCLC.43 Patients received platinum-based
CRT, 66 Gy in 33 fractions. Eighty-two patients were
recruited with a median follow-up of 13.4 months. For
the first 21 patients, no grade-≥3-pneumonitis was
observed by the end of the 3-month post-radiation ther-
apy follow-up period. Radiation therapy was found to be
an independent prognostic marker of favourable progno-
sis in NSCLC patients after treatment with nivolumab.

There is significant data suggesting that SITAR may be
beneficial in stage IV lung cancer. The PEMBRO-RT phase
2 randomised clinical trial for 92 patients with advanced

Table 1. Agent and comparator, target, antibody type, clinical uses of common immune checkpoint inhibitors, outcomes and toxicity rates

Agent and comparator Target Ig type Clinical use Outcomes (finding of

the study)

Rate of Grade 3–4 toxicity

in the immunotherapy group

Atezolizumab monotherapy5 PD-L1 IgG1 2nd line phase 2 metastatic

bladder cancer

ORR 15–26% (depending

on PD-L1 expression)

Grade 3–4 in 5%

(mainly pneumonitis,

increased LFT, rash and

dyspnoea)

Chemotherapy +/�atezolizumab

(IMpower 133)6
PD-L1 IgG1 1st line RCT ES-SCLC CR 2.5% vs 1%, PR 58%

vs 63% (NS)

OS 12.3 vs 10.3 months

Grade 3–4 in 40%

(mainly rash and

hypothyroidism)

Avelumab monotherapy7 PD-L1 IgG1 1st line phase 2 Merkel

cell carcinoma

ORR 40% (with 30%

experiencing

durable response)

Grade 3–4 in 18.1%

Nivolumab vs chemotherapy8 PD1 IgG4 2nd line RCT NSCLC ORR 19% vs 12% Grade 3–4 in 10%

Nivolumab vs everolimus9 PD1 IgG4 2nd or 3rd line RCT

metastatic renal cancer

ORR 25% vs 5% Grade 3–4 in 19%

Ipilimumab and nivolumab

vs chemotherapy

(Checkmate 743)10

CTLA-4 and PD1 IgG1 kappa

and IgG4

1st line RCT mesothelioma ORR 40% vs 43%. OS

18 vs 14 months

Grade 3–4 in 30%

Nivolumab plus ipilimumab

vs nivolumab vs ipilimumab11
CTLA-4 and PD1 IgG1kappa

and IgG4

1st line RCT metastatic

melanoma

ORR 58%, 45% and 19% Grade 3 or 4 in 59% vs 23%

vs 28% (relatively higher

dosing schedule for

ipilimumab compared to

other lung and

mesothelioma studies)

Nivolumab plus ipilimumab

vs nivolumab vs ipilimumab

(CheckMate 040)12

CTLA-4 and PD1 IgG1kappa

and IgG4

2nd line RCT advanced

hepatocellular cancer

ORR 32% vs 27% vs 29% Grade 3–4 in 53%

vs 29% vs 31%

Pembrolizumab vs

chemotherapy (KEYNOTE-024)13
PD1 IgG4 kappa 1st line RCT metastatic

NSCLC PDL1+ >50%

ORR 45% vs 28% Grade 3–5 in 26.6%

Pembrolizumab–axitinib

vs sunitinib14
PD1 IgG4 kappa 1st line RCT metastatic

renal cancer

ORR 59% vs 36% Grade 3–5 in 76%

Pembrolizumab vs ipilimumab15 PD1 IgG4 kappa 1st line RCT metastatic

melanoma

ORR 33% vs 12% Grade 3–5 toxicity in 10.1%

Pembrolizumab vs chemotherapy16 PD1 IgG4 kappa 2nd line RCT metastatic

urothelial carcinoma

ORR 21% vs 11% Grade 3–5 toxicity in 15.0%

Durvalumab vs placebo

(PACIFIC study)17
PD-L1 IgG1j 1st line RCT Stage 3 NSCLC ORR 28.4% vs 16.0% Grade 3–4 in 30%

Ipilimumab monotherapy18 CTLA-4 IgG1kappa Metastatic melanoma ORR 10.9% Grade 3–4 in 10–15%,

1% grade 5 toxicity

CR, complete response rate; ES-SCLC, Early stage small-cell lung cancer; LFT, liver function tests; NS, not statistically different; ORR, overall

response rate; OS, median overall survival; PR, partial response rate; RCT, randomised controlled trial.
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NSCLC compared pembrolizumab alone or after three
doses of 8 Gy radiation therapy to a single tumour site
showed an improvement in response rate at 12 weeks
which was 18% in the control arm vs 36% in the experi-
mental arm (P = 0.07). Median PFS was 1.9 months vs
6.6 months (P = 0 0.19), and OS was 7.6 months vs
15.9 months, more so for the patients with PD-L1 nega-
tive tumours.44 Two further retrospective studies support
SITAR. A non-randomised retrospective analysis of 95
consecutive patients with advanced NSCLC who received
radiation therapy treatment either during or within
60 days of nivolumab showed a median overall survival
(OS) of 22.4 months vs 8.6 months.45 The definition of
radiation therapy within 60 days after immunotherapy as
concurrent was used because of the long half-life of nivo-
lumab, a feature common to immune checkpoint inhibi-
tors. A subgroup analysis of the KEYNOTE-001 trial
showed that OS after pembrolizumab was significantly
longer in patients who had received previous radiation
therapy than in those who were radiation therapy na€ıve
(HR 0.58 P = 0.026; OS 10.7 months vs 5.3 months).34

There are several other smaller studies also suggest-
ing a potential synergy between radiotherapy and nivolu-
mab,46 ipilimumab25 and combined nivolumab and
ipilimumab.47 In the randomised multisite SABR phase 1
COSINR study for newly diagnosed stage IV NSCLC, no
dose-limiting toxicity occurred in the concurrent cohort
(n = 18), but the sequential cohort required a dose
reduction in those participants with central lung lesions
due to two patients (2/19) developing grade 4 pneu-
monitis.47

Atezolizumab established itself in extensive-stage
small-cell lung cancer in the IMpower 133 study.6 How-
ever, the investigators did not evaluate the possible ben-
efit of combining it with radiotherapy, despite, in this
population, where radiotherapy is a standard of care. It
is not surprising that immunotherapy works in small-cell
lung cancer. These patients have a history of prolonged
tobacco exposure leading to high tumour mutational bur-
den, often leading to natural immune phenomena such
as paraneoplastic syndromes and high T-lymphocyte
tumour infiltration. More work on SITAR in small-cell lung
cancer is required.

Head and neck cancer

A phase 3 trial of 697 patients with locally advanced
head and neck squamous cell carcinoma (HNSCC) were
randomised to avelumab or placebo plus CRT found no
benefit to the combination.23 The stratified hazard ratio
was 1.21, favouring the placebo group. The primary end-
point was PFS, but because of the short follow-up of
15 months in both groups, the median PFS was not
reached in either group. In addition, treatment-related
severe adverse events occurred in 36% of patients in the
avelumab group and 32% in the placebo group, which
suggests minimal increased toxicity, if any. In a phase Ib

study, 59 HNSCC patients were treated with concurrent
CRT and pembrolizumab. Safety was the primary end-
point, and the study found that pembrolizumab in combi-
nation with weekly cisplatin-based CRT was safe and did
not impair the delivery of curative radiation therapy or
chemotherapy and that early efficacy data support fur-
ther investigation.48 Currently active, the KEYNOTE-412
study is a randomised, double-blind, phase 3 trial inves-
tigating pembrolizumab or placebo administered concur-
rently with CRT and as maintenance treatment in
patients with locally advanced HNSCC.49

In metastatic HNSCC, McBride et al. reported on a ran-
domised clinical trial comparing nivolumab alone or com-
bined with SABR, delivered in three fractions of 9 Gy to
one metastatic lesion alone, leaving at least one other
untreated lesion to evaluate the abscopal response. This
study reported no evidence of an abscopal effect.29 In
other cancers, a delayed crossing over of the survival
curves has been found to be a feature of anti-PD-1 ther-
apy, and so longer follow-up may be required.50

Prostate cancer

Significant data support SITAR for prostate cancer. Kwon
et al. conducted a randomised phase III trial of 799
patients with mCRPC following docetaxel chemotherapy.
All patients had 8 Gy single fraction to between one and
five metastases, but not necessarily to all metastases.
After radiotherapy, patients were randomly allocated to
receive ipilimumab or placebo until progression or intol-
erable side effects. The study found SITAR led to an
improvement in OS at 2 years (25.2% vs 16.6%),
3 years (15.3% vs 7.9%), 4 years (10.1% vs 3.3%),
and 5 years (7.9% vs 2.7%).26,51,52

Avelumab with stereotactic ablative body radiotherapy
(SABR) was tested in a prospective phase 2 study called
the ICE-PAC trial, which enrolled 31 men with progres-
sive metastatic castrate-resistant prostate cancer
(mCRPC) after at least one prior androgen receptor
directed therapy.21 Avelumab was administered every
2 weeks for 12 cycles. A single 20 Gy fraction of SABR
was administered to one or two disease sites 5 days
before the first and second avelumab treatments. The
primary endpoint, disease control rate (DCR), was
defined as the complete or partial response of any dura-
tion or stable condition for ≥6 months. The DCR rate was
48%, and it was higher in patients with lymph node pre-
dominant disease. Median OS was 14 months. Grade 3–4
treatment-related adverse events occurred in six
patients (16%), with three (10%) requiring high-dose
corticosteroid therapy. It is uncertain if this combination
provided additional benefit to avelumab alone, and a
phase 3 trial investigating this combination would be
needed to demonstrate an advantage definitively. Of
note, baseline androgen receptor alterations, MYC gain,
and high baseline circulating tumour DNA fraction was
possibly associated with poorer outcomes.21
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Higa et al. found a high PSA response or stabilisation
in approximately half of 31 mCRPC patients who received
pembrolizumab with or without SABR with a trend for
benefit with concomitant SABR. A PSA response was
more common in men who had begun pembrolizumab
with a lower PSA level, fewer bone metastases, fewer
mutations and those who had not received previous
chemotherapy, suggesting possible selection criteria for
future studies.53

Urothelial cancer

Urothelial cancers are relatively uncommon cancers, but
more common in elderly patients, and so a shorter
course of radiotherapy is conceptually attractive. The
PLUMMB trial (pembrolizumab in muscle-invasive/
metastatic bladder cancer) was a phase I study address-
ing this concept. In the first dose-cohort, patients
received pembrolizumab starting 2 weeks before weekly
adaptive bladder radiation therapy to a dose of 36 Gy in
six fractions. However, the trial was stopped after five
enrolments because three patients experienced grade 3
urinary toxicities and one patient experienced a grade 4
rectal perforation.39

Nevertheless, early data does support the SITAR
approach for urothelial cancer. A Japanese study retro-
spectively reviewed 98 advanced urothelial cancer
patients treated with pembrolizumab, of whom 17% had
prior radiation therapy to the primary tumour. The radia-
tion therapy group showed a significantly higher objec-
tive response ratio than did the non-radiation therapy
group (65% vs 19%; P < 0.001).38 In a small study of
10 patients, durvalumab also has also shown activity in
bladder cancer.54

Renal cancer

Paraneoplastic manifestations are present in up to 20%
of patients with renal cell carcinoma, and a significant
proportion of patients may survive several years with
only slowly progressing metastatic disease, which is pre-
sumably a sign the immune system can keep the disease
in check naturally.55 Both nivolumab and pembrolizumab
are standard treatments in stage IV disease.9,14 The
NIVES study in metastatic renal carcinoma investigated
nivolumab’s activity and safety with SABR, 30 Gy in
three fractions to one lesion only, 7 days after the first
nivolumab infusion. In these second- and third-line pre-
treated patients, the response rate in non-irradiated
lesions was 17%, PFS was 5.6 months, and OS was
20 months.27 The authors felt this result to be similar to
cohorts of patients treated with nivolumab alone, without
SABR.

The RAPPORT study is a progressive study where the
researchers have attempted to treat all metastatic sites
with single fraction 20 Gy SABR or 30 Gy in 10 fractions
for one to five oligometastatic clear cell renal cell

carcinoma followed 5 days later by pembrolizumab every
3 weeks for eight cycles.40 The RAPPORT study included
only patients who had up to two lines of prior systemic
therapy. For 30 patients, local control at 2 years was
92%. Estimated 1- and 2-year OS was 90% and 74%,
respectively, and PFS was 60% and 45%.56 A phase III
trial with this protocol could confirm the benefit com-
pared with pembrolizumab alone.

Colorectal cancer

Only phase 2 studies in colorectal cancer have tested
SITAR in both the neoadjuvant setting and the meta-
static setting but results have not shown a benefit so far.

Shamseddine et al. conducted a phase 2 trial for
locally advanced rectal cancer (T2N+ or T3 or T4a) of
short-course radiation (25 Gy in five fractions) followed
by six cycles of FOLFOX plus avelumab and total
mesorectal excision and found a CR rate of 25%.22

Rahma et al. reported on 185 rectal cancer patients, CR
after neoadjuvant CRT +/� pembrolizumab did not show
any difference, although long-term survival data are
awaited. Grade 3–4 adverse events were slightly
increased in the pembrolizumab arm (48.2%) vs the
control arm (37.3%) during CRT.36

In microsatellite high (MSI-H) metastatic colorectal
cancer, pembrolizumab was superior to chemotherapy
in the KEYNOTE-177 randomised study, with a median
PFS of 16.5 vs 8.2 months, most likely due to increased
neo-antigen load associated with microsatellite instabil-
ity.57 Future studies may benefit from selecting MSI-H
stage 3 or stage 4 colorectal cancer for SITAR, as these
patients appear to benefit from immunotherapy the
most.

Oesophageal cancer

The benefit of SITAR in oesophageal cancer is uncon-
firmed. Van den Ende et al. treated 40 patients with
resectable oesophageal adenocarcinoma with neoadju-
vant chemoradiation (CRT) therapy according to the
CROSS regimen (paclitaxel, carboplatin, and 41.4 Gy/23
fractions) combined with five cycles of atezolizumab. Of
these 40 patients, 6 experienced immune-related side
effects. The pathologic complete response (CR) rate was
25%, no different from a historical propensity score-
matched cohort with the CROSS regimen alone. In most
cancers, patients who have a pathological CR after
neoadjuvant therapy have longer event-free survival,
however, pathological CR may not be a good surrogate
for long-term survival in this situation because
immunotherapy works slowly compared with for example
chemotherapy. Baseline expression of an established
IFNc signature was higher in responders compared with
non-responders suggesting that high inflammation in the
sample at baseline predicted therapeutic benefit, includ-
ing high PD-L1 combined positivity scores (CPS) ≥25.20
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The PALACE-1 trial recruited 20 patients with oesopha-
geal squamous cell carcinoma who underwent preopera-
tive pembrolizumab, carboplatin, and paclitaxel CRT with
41.4 Gy in 23 fractions.37 Grade 3 and higher adverse
events were observed in 13 patients (65%), mainly lym-
phopenia. One patient had a grade 5 event due to a sig-
nificant oesophageal haemorrhage. The pathological CR
rate was higher than expected at 56%, but a larger
phase III study is required to show that the benefit did
not occur by chance. A future randomised SITAR study
with prospective stratification by CPS may help select
patients who benefit from SITAR.

Melanoma

Melanoma is a highly immunogenic tumour as shown by
its response to immunotherapy.11,15 Chicas-Sett et al.
conducted a systematic review of the incidence of the
abscopal effect among 451 patients with metastatic mel-
anoma from 16 studies in which radiation therapy and
ipilimumab were combined. They found that eight of 16
studies reported abscopal reactions, and for the eight
studies, the median reported proportion of patients
experiencing an abscopal effect was very high at
26.5%.24 As expected, the median survival for patients
with abscopal responses was significantly longer,
22.4 months, compared with 8.3 months in subjects who
did not manifest an abscopal reaction. They reported
median toxicity ≥ Grade 3 of 18.3% in patients with com-
bined radiation therapy and ipilimumab. Furthermore,
Koller et al.58 report improved survival and CR rates in
patients with stage IV melanoma treated with concurrent
ipilimumab and radiation therapy versus ipilimumab
alone. Other small non-comparative studies are refer-
enced in Table 2.30,32,59 A definitive phase 3 trial com-
paring SITAR to immunotherapy alone in stage IV
melanoma is needed, especially with emerging evidence
from the SABR-COMET study and similar studies for oli-
gometastatic cancer.60

Pancreatic cancer

Zhu et al. investigated if SITAR was useful in locally
advanced pancreatic cancer. They conducted an open-
label phase 2 study randomised study of 170 patients with
mutant KRAS and PD-L1 positive, to SABR plus pem-
brolizumab and trametinib (n = 85) or SABR plus gemc-
itabine (n = 85). OS was 24.9 months with SABR plus
pembrolizumab and trametinib and 22.4 months with
SABR plus gemcitabine (hazard ratio 0.60; P = 0.0012).
Serious adverse events were reported by 19 (22%) partic-
ipants in the SABR plus pembrolizumab and trametinib
group and 12 (14%) in the SABR plus gemcitabine group,
but no treatment-related deaths occurred.35

Xie et al. attempted SITAR in stage IV pancreatic can-
cer as a second-line treatment. In this study, 59 patients
received 8 Gy in one fraction or 25 Gy in five fractions

with durvalumab.41 This study provided evidence sug-
gesting that the acute safety profile was acceptable, but
the median survival following treatment was only
3.3 months. With such short survival, it was impossible
to identify any benefit signal, signifying that studies in
metastatic cancer should investigate SITAR at an earlier
time-point in the course of treatment, particularly in
aggressive cancers such as pancreatic cancer, because
immunotherapy can work slowly and it may take months
to show if it is beneficial.

Breast cancer

The FDA has approved neoadjuvant pembrolizumab and
palliative atezolizumab for triple-negative breast cancer
patients, but data for the use of SITAR in breast cancer
are limited. A recent review of the clinical studies using
SITAR in breast cancer was conducted by Nguyen et al.61

At present, there are only a few phase 2 studies.31,33 In
one phase 2 study, 17 patients received SABR to a single
site with pembrolizumab, of these, three had a complete
response, one stable disease and 13 progressed, which
is apparently a favourable response rate compared with
pembrolizumab alone which has a response rate of about
5%.33,61 Future studies should focus on triple-negative
breast cancer patients, as these patients are more likely
to benefit from immunotherapy.

Gliomas

A phase I study of stereotactic reirradiation 30 Gy in five
fractions with pembrolizumab and bevacizumab in 32
patients with recurrent high-grade gliomas showed that
this regime was reasonably well-tolerated.62

Idiosyncratic toxicity of immune
checkpoint inhibitors in combination
with radiation therapy

Immune checkpoint inhibitors can cause varied and
unpredictable immune-related adverse events whereby
the immune-inflammatory response acts against the
host’s normal tissues. Different immune checkpoint inhi-
bitors cause similar toxicities, as the toxicities are a class
effect. These immune-inflammatory responses affect the
skin, gastrointestinal tract, lungs, liver, thyroid, pituitary,
and joints. They can rarely affect the central nervous
system, kidneys, heart or haematological system.63

There are reports of severe but rare interactions when
immunotherapy is combined with radiation therapy. This
stresses the importance of properly conducted ran-
domised controlled trials of radiation therapy and
immunotherapy agents to elucidate the risks and bene-
fits of the strategy. However, immunotherapy combined
with radiation therapy can result in idiosyncratic reac-
tions, which would not be easily teased from data in
large randomised trials because the absolute incidence is
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low. It is worth bearing in mind that current immune
checkpoint antibodies have long half-lives, and toxicity
can occur months after the last dose of immunotherapy.
For example, durvalumab infused intravenously every
2 weeks achieves a steady-state after 16 weeks and has
a half-life of 18 days; once it reaches a steady state, it
would take 3 months to clear from the system. Hence,
radiation therapy given following the recent cessation of
checkpoint blockade is, in effect, being given in combina-
tion.

Pneumonitis is a known risk with immunotherapy and
hence leads to concerns about combining immunotherapy
with thoracic radiation due to overlapping toxicity. It is
uncertain if radiation therapy to the lung in the setting of
planned immunotherapy could increase the likelihood of
pneumonitis. In a retrospective review of 101 patients
with lung cancer who received treatment with
immunotherapy, 22 were diagnosed with pneumonitis, of
which 73% (16/22) had a history of radiation therapy.64

This relatively high incidence of pneumonitis makes it
attractive to identify predictive biomarkers of severe toxi-
city aside from radiation dosimetric factors. In one study
of 27 patients who received palliative thoracic radiation
therapy (30 Gy in 10 fractions) followed by pem-
brolizumab (n = 17), nivolumab (n = 8) or atezolizumab
(n = 4) immunotherapy, pre-radiotherapy levels of sialy-
lated carbohydrate antigen KL-6 were shown to predict
the likelihood of pneumonitis.65 Pneumonitis events were
grade 1 (n = 10; 34%), grade 2 (n = 4; 14%) and grade 3
(n = 3; 10%) after a median follow-up of 10 months. In
that study, dosimetric factors, such as lung V5, V10, V20,
V30, and mean lung dose (MLD) did not significantly differ
between the grade ≤1 and grade ≥2 pneumonitis groups.

There are reports of CNS toxicity when radiation therapy
is combined with immunotherapy.66 In one case report,
transverse myelitis occurred in the radiation field following
30 Gy in 10 fractions to T7-T10 spine.67 The patient
received a combination of ipilimumab and nivolumab dur-
ing spine radiation therapy but was switched to pem-
brolizumab approximately 3 months later; and he
developed new ataxia within 2 weeks of switching. Methyl-
prednisolone, plasmapheresis, and cyclophosphamide
were tried. However, infliximab was then given with a dra-
matic imaging response after one dose. There is also a
case report of subacute monophasic multifocal inflamma-
tory CNS disorder occurring after standard radiation
therapy-TMZ plus nivolumab in a young GBM patient.68

Skin complications, such as erosive lichen planus and
bullous pemphigoid have been reported in patients on
nivolumab who had radiation therapy.69,70 Radiation
recall dermatitis after atezolizumab has been reported.71

Combining cellular immunotherapies
with radiation therapy

Sipuleucel-T for prostate cancer is one example of a can-
cer vaccine which stimulates the T-cell immune response

targeted against prostatic acid phosphatase (PAP) – an
antigen that is highly expressed on prostate cancer
cells.72 Sipuleucel-T is manufactured by leukapheresis
followed by ex vivo culture with a protein composed of
PAP and GM-CSF, producing activated antigen-presenting
cells which are then reinfused into the patient. In 2010,
the IMPACT trial compared sipuleucel-T (341 patients) or
placebo (171 patients) administered intravenously every
2 weeks, for a total of three infusions in patients with
mCRPC and showed that the 36-month survival probabil-
ity was 31.7% in the sipuleucel-T group versus 23.0% in
the placebo group.72

Twardowski et al. reported a randomised Phase 2
study on 51 patients comparing sipuleucel-T alone versus
sipuleucel-T initiated 1 week after completing sensitising
radiation therapy to a single metastatic site at 30 Gy in
10 fractions.73 There was a slight non-significant
improvement in median progression-free survival of
2.5 months versus 3.6 months (P = 0.06). Sinha et al.74

looked at a combination of sipuleucel-T and ipilimumab in
patients with metastatic castration-resistant prostate
cancer. The multivariate analysis found that patients with
prior radiation treatment appeared to have improved
radiographic progression-free survival.

Chimeric antigen receptor T cells, or CAR-T therapy,
refers to a treatment where T cells are harvested from
the patient or donor, extra genetic information tailor-
made to recognise cancer cells from the patient is added
to the T cells, and then the CAR-T cells are reinfused into
the patient.75 There are currently five FDA-approved
CAR-T therapies; idecabtagene vicleucel for relapsed
multiple myeloma, axicabtagene ciloleucel, and lisocab-
tagene maraleucel for relapsed or refractory large B-cell
lymphoma, tisagenlecleucel for acute lymphoblastic leu-
kaemia (ALL) and brexucabtagene autoleucel for
relapsed or refractory mantle cell lymphoma and ALL. In
haematological cancers, radiation therapy can act as
bridging treatment while waiting for CAR-T therapy, radi-
ation therapy can be used to prime CAR-T-cell-mediated
death, radiation therapy can debulk and reduce tumour
burden, and radiation therapy can be used for early sal-
vage for patients at high risk of CAR-T therapy failure.76

These are all additive benefits of radiation therapy and
CAR-T therapy; however, evidence for synergy, whereby
the combined use of two treatments outweighs the use
of each of its components, is scarce in this setting.

For solid tumours, Hauth et al.75 recently reviewed the
role of radiation therapy in combination with CAR-T treat-
ment. CAR-T-cell therapies for solid tumours are associ-
ated with unique challenges. The reason for this is that
in hematologic malignancies, a common antigen is often
uniformly expressed on the surface of all malignant cells,
making them amenable to CAR-T therapies. Solid
tumours lack such an antigen or undergo natural selec-
tion when exposed to therapeutic interventions such as
monoclonal antibodies.77 In solid tumours, radiation
therapy increases the local expression of multiple
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cytokines, including IFN-c and its inducible chemokines,
such as CXCL9, CXCL10, CXCL11 or CXCL16, which could
chemoattract lymphocytes, including CAR-T cells, making
it an attractive potential catalyst in the process.78 In a
glioblastoma mouse model, a subtherapeutic dose of
local radiation therapy combined with chNKG2D T-cell
treatment resulted in synergistic activity by promoting
migration of CAR-T cells to the tumour site increased
effector functions.79 CAR-T therapy for triple-negative
breast cancer is of interest because of the high muta-
tional burden commonly seen in this particular type of
breast cancer.80

What have we learned, where are the
deficiencies, and what work is
underway?

Just as immunotherapy works in some cancers and not
others, SITAR appears to work in lung cancer and pros-
tate cancer, but is less likely to be effective in head and
neck cancers, as shown in randomised trials hitherto.
Turchan et al. suggested that elective nodal irradiation in
head and neck cancer may elicit an immunosuppressive
effect and thus potentially explain the lack of benefit so
far for SITAR in head and neck cancer.81 Many current
clinical SITAR studies are phase 2 studies, having been
sequentially developed after the relatively recent phase
3 confirmation of efficacy of immunotherapy in many
settings. However, there is a wealth of preclinical work in
this area. In urothelial cancer, renal cancer and mela-
noma, promising results have been seen. So far, only a
few studies have been done in pancreatic cancer, col-
orectal cancer, oesophageal cancer, breast cancer, and
gliomas and these have as yet to demonstrate a syner-
gistic effect.

One deficiency in several published studies at the
moment is in the paucity of comparison of SITAR with
the current standard of care. Secondly, several studies
add both immunotherapy and radiotherapy simultane-
ously, making it difficult to ascertain if either treatment
alone may have led to the same benefit.

Moving forward, a deeper understanding of reasons for
success or failure within the clinical trials is required, and
several authors have put forward theoretical sugges-
tions. Masini et al.27 suggested that several negative
studies in the metastatic setting have used radiation
therapy to only a fraction of the disease in the hope of
eliciting an abscopal effect; but perhaps, treating all sites
of disease or oligoprogressive lesions only may in the
future prove to be more effective. The SABR-COMET trial
showed that ablating all oligometastases prolongs sur-
vival.60 It is tempting to combine the recent expansion in
experience with SABR with expansion in immunotherapy
treatments. The RAPPORT study has been quick to adopt
this approach by offering SITAR treatment, either SABR
or fractionated radiotherapy to all visible metastases in
oligometastatic renal cancer patients, and this study

demonstrated a relatively high local control and 2-year
survival.40,56 Turchan et al.81 also promote this
approach, suggesting that immunotherapy may be more
effectivewhen there is a lower volume of residual tumour
burden.

Future planned clinical trials will answer some of these
questions. According to clinicaltrials.gov, approximately,
one in seven radiation therapy studies currently recruit-
ing is investigating SITAR. Priority areas being studied
currently include biomarkers, patient selection, dose and
fractionation, sequencing, and there is interest in com-
bining with SABR, especially in the first-line setting.

Biomarkers and future directions

Only 20–40% of patients with selected cancers derive
benefit from immunotherapy. PD-L1 immunohistochem-
istry assays may be helpful as a biomarker to guide the
selection of patients to receive anti-PD-L1 inhibitors. In
KEYNOTE-001, patients with advanced NSCLC treated
with pembrolizumab with a PD-L1 tumour proportional
score (TPS) of ≥50% had a response rate of 45.2%,
versus 16.5% and 10.7% among patients with a TPS of
1–49% and <1%, respectively.82 In the CheckMate 227
study, which compared first-line nivolumab plus ipili-
mumab versus chemotherapy in metastatic NSCLC,
patients receiving immunotherapy had an improved OS
regardless of a PD-L1 TPS of <1% or ≥1%.83 In mela-
noma, PD-L1 TPS of ≥5% or <5% did predict response
rates of 52.7% vs 33.1%, but the response rate of DTIC,
the standard at the time, was relatively poor, that it was
approved without restrictions on PD-L1 positivity.84 In
triple-negative breast cancer, PD-L1 staining also
appears to be useful.85

Tumour mutational burden may predict response to
immunotherapy independent of PD-L1 expression.86

Other factors that may predict response to treatment
include baseline clinical parameters, including the neu-
trophil to lymphocyte ratio, previously shown to be
higher in patients without abscopal response to radiation
therapy and granulocyte-macrophage colony-stimulating
factor.87

Intratumour heterogeneity can confound the determi-
nation of PD-L1 expression in biopsy samples. For exam-
ple, the TPS can vary depending on which part of a
tumour is sampled, whether primary or metastases, at
what time-point biopsies are taken, that is, before or
after therapy, the assay used and inter-observer variabil-
ity due to limits of human perception of a biomarker
located within a complex visual environment.88

A phase 1 study in 35 patients with liver or lung
metastases who initiated ipilimumab with SABR dose
radiation therapy found that clinical benefit correlated
with an increase in peripheral CD8+ T cells, CD8+/CD4+
T-cell ratio and proportion of CD8+ T cells expressing
4-1BB and PD1, suggesting the potential use of periph-
eral T-cell ratios as a biomarker for future studies.89
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Future trials should pay attention to the unwanted radia-
tion therapy effect in increasing regulatory T-cell (Treg)
infiltration into tumours, which dampens the immune
response.90,91 Methods to downregulate Treg could pave
the way in the future for more successful outcomes with
SITAR combinations.

Future studies should analyse the appropriate outcome
measures to assess new immunotherapy and radiation
therapy combinations. For example, pseudoprogression
on imaging is seen in 2–10% of patients treated with
immunotherapy and can cloud the clinical picture.92

There is an urgent clinical need for molecular assays that
identify patients more likely to respond. For example,
circulating tumour DNA or T-cell receptor levels may bet-
ter predict responses earlier so that treatment can be
modified if required. Imaging biomarkers such as 89-Zr-
durvalumab may also be able to identify PD-L1 expres-
sion in the tumour as a whole rather than in biopsy spec-
imens only, making them another promising potential
biomarker.93

Insights gained from preclinical studies
regarding optimal radiation dose

It has been recently reported that both fractionated and
hypofractionated radiation therapy can produce abscopal
responses2; however, hypofractionation is not always
feasible. For example, in the PLUMMB trial, immune
checkpoint inhibition potentiated the side effects of
hypofractionated radiation therapy, resulting in unaccept-
able side effects and the discontinuation of that study.39

Furthermore, it is uncertain if higher doses of radiother-
apy may be more likely to produce the abscopal effect.
As such, several studies have used preclinical models to
further elucidate the optimal radiation dose to elicit a
robust immune response.

One exemplary study compared three regimes on
mouse breast tumours, 20 Gy in one fraction, 8 Gy in
three fractions or 6 Gy in five fractions over consecutive
days.94 They found that fractionated radiation therapy-
induced a better abscopal effect when combined with
anti-CTLA-4 antibody, with the three 8 Gy fractions pro-
tocol being the most effective. Other studies have shown
that low-dose radiation therapy (0.5–1 Gy per fraction) is
sufficient to increase CD4+ and CD8+ T-cell infiltration
into tumours, although this is also associated with an
increase in T regulatory cell infiltration which may pre-
vent effective anti-tumour immunity.95 High-dose radia-
tion therapy on the other hand is hypothesised to be
required for an efficient immune response by showering
the immune system with antigen; although there is pre-
clinical evidence that dose ranges above 10 Gy may
reduce radiation therapy-induced immune response via
induction of the DNA exonuclease TREX1.96

A meta-analysis of preclinical data indicates that the
probability of revealing the abscopal effect was 50%
when a biologically equivalent dose (BED) of 60 Gy is

generated with an assumed a/b ratio of 10 Gy.97 How-
ever, most publications in the field have only examined
the immune response after delivery of a single fraction
and there is an overall lack of preclinical experiments
that accurately mimic clinical doses. Moreover, older
studies have used equipment incapable of stereotacti-
cally delivering radiation. With the development of radio-
therapy platforms capable of delivering precise and
conformal radiation therapy to small animals, such as
the SAARP or XRAD SmART, it is essential that future
preclinical research on combining immunotherapy with
radiation therapy employ dosing methods to ensure they
are as clinically applicable as possible.

Conclusion

This review describes the current data available for radi-
ation in combination with immunotherapy. Immunother-
apy has been a great advance in cancer therapy across
multiple cancer subtypes. Despite this, not all patients
derive benefit and there is significant scope for improve-
ment. It is hoped that SITAR can be used to improve
responses and long-term outcomes. To date, the data on
the utilisation of SITAR are limited but there is provi-
sional evidence to suggest synergy exists. Future well-
designed larger scale studies are needed to determine
the relevant clinical scenarios that would benefit from
this approach moving forward.
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