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Introduction

Lung cancer remains a major challenge as the most common 
cause of cancer death and the cause of significant morbidity 
with a clear need to improve outcomes. Radiotherapy 
remains an important and potentially curative treatment for 
localized and locally advanced non-small cell lung cancer 
(NSCLC) not amenable to surgery. While traditionally 
radiotherapy has been combined with chemotherapy to 
improve outcome, in the changing world of increasing use 
of immunotherapy as an alternative and a more effective 
systemic treatment, it is important to exploit the potential 

for combining the efficacy of radiation with immunotherapy. 
We explore the biological basis for potential interaction 
between radiotherapy and immunotherapy and review the 
current clinical evidence to assess the potential value of 
combining the two treatment modalities.

Cancer immunoediting

The concept of ‘cancer immunosurveillance’ (1), first 
proposed over a century ago (2), was investigated in the 
mid-20th century without apparent success. However, 
advances in immunology in the 1990s demonstrated in 
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mouse models that endogenous components of the host 
immune system [interferon-γ (IFN-γ)] (3,4) and lymphocytes 
could play a role in a cancer immunosurveillance process (5). 

Current evidence supports the notion that each stage 
in the development and progression of cancer is the result 
of ‘cross-talk’ between the tumour and the host’s immune 
system (6), described as the three ‘Es’ of immune-editing—
elimination, equilibrium and escape phases (7).

In the elimination phase incipient tumour is detected 
by the innate immune system where natural killer cells and 
γδ-T cells produce IFN-γ that promotes cytotoxic activity 
of macrophages leading to destruction of developing cancer 
cells (8). Tumour cell death releases tumour-associated 
antigens that are taken up by dendritic cells, bone marrow 
derived professional antigen-presenting cells, which then 
undergo a process of maturation. The dendritic cells cross-
present the tumour peptide antigens to T cells, stimulating 
activation of the adaptive immune system and causing 
proliferation of cytotoxic T cells, specific to the tumour 
antigen, leading to tumour cell death. The immune system 
also produces pro-inflammatory cytokines and tumour 
cell death produces ‘danger signals’; these further activate 
tumour-specific T cells to cause tumour cell death (9). 

In the equilibrium phase incomplete elimination and 
immune selection leave surviving tumour cells that may 
generate escape ‘mutants’ which lack tumour specific 
antigens, resulting in a balance between proliferation and 
cell death (sub-clinical tumour) (8).

Escape phase sees the emergence of tumour cells that 
are resistant to immune rejection by the host’s innate 
immune system. An immunosuppressive microenvironment 
is created with tumour cells releasing inhibitory cytokines, 
IL-10 and TGF-B (10). Regulatory T cells (Tregs, formerly 
suppressor T cells) are recruited, tumour-related antigens 
are downregulated and MHC I expression suppressed (11), 
which ultimately leads to evasion.

Understanding of the molecular biology underpinning 
the interplay between tumour cells and the innate immune 
system leads naturally to investigation of therapeutic 
options, exploiting the knowledge of these molecular 
pathways.

Immune checkpoints and their blockade by 
immunotherapeutic agents

T cell activation and response is regulated by immune 
checkpoints—a system of checks and balances that, under 
physiological conditions, prevent autoimmune disease, 

but also protect tissues from excessive damage when the 
immune system is mounting an appropriate response against 
a foreign pathogen (12,13). The expression of immune 
checkpoint proteins can be dysregulated by tumours and 
is part of the mechanism of ‘escape’ in cancer immune 
editing as well as a mechanism of resistance once tumour 
is established. The two immune-checkpoint receptors 
that have been most studied in cancer immunotherapy are 
cytotoxic T-lymphocyte-associated antigen 4 (CTLA-4) and 
programmed cell death protein 1 (PD-1). 

CTLA-4 is an inhibitory T cell receptor limiting 
activation. It counterbalances a stimulatory T cell receptor, 
CD28 that is activated by binding of B7 ligands, residing 
on antigen presenting cells. Upon MHC presentation of an 
antigen, co-stimulation of CD28 results in T cell activation. 
CTLA-4 also binds and is activated by the same B7 ligands 
(with greater affinity than CD28) but, as it is an inhibitory 
receptor, ligand binding has the opposite effect, dampening 
the T cell response. Within the immunosuppressive 
environment of cancer this mechanism is exploited and 
CTLA-4 is over stimulated by the constant presentation of 
tumour-associated antigens leading to T cell exhaustion. 
CTLA-4 is also expressed by tumour recruited T-regs 
which again leads to T cell suppression and production 
of IL-10. Ipilimumab, a monoclonal antibody against  
CTLA-4, blocks this inhibitory pathway and restores 
effective T cell function. It was first approved for use by 
the FDA in 2011 following the publication of the landmark 
trial by Hodi et al. (14) in patients with previously treated 
metastatic melanoma, showing an overall survival (OS) 
advantage when compared to glycoprotein 100 vaccine. 
Its efficacy in lung cancer is currently limited to a phase II 
study where Ipilimumab is combined with paclitaxel and 
carboplatin chemotherapy as first line treatment in NSCLC. 
The study showed improved progression-free survival (PFS) 
with phased dosing (15); phase III trials are underway.

PD-1 is an inhibitory T cell receptor that is induced 
once T cells are activated. Its main function is to act as a ‘stop 
signal’ (13), limiting immune responses in peripheral tissues 
to protect them from damage (16). PD-1 can be induced 
on other activated non-T lymphocyte subsets including B 
cells and natural killer cells (17). PD-L1 and PD-L2 are 
the stimulatory ligands for the inhibitory PD-1 receptor.  
PD-L1 is upregulated in solid tumours and increasing 
degrees of expression are associated with a poorer 
prognosis (18). By blocking the PD-1/PD-L1 axis the 
immunosuppressive environment is reversed and an anti-
tumour immune response prevails. 
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Pembrolizumab and nivolumab, monoclonal antibodies 
that block PD-1, have been shown in phase III trials to 
prolong time to progression and survival compared to 
palliative chemotherapy, in both treatment-naïve patients 
with advanced NSCLC (19,20) and as second line treatment 
following progression after chemotherapy (21,22).

Despite the optimism these immunotherapeutic agents 
have brought to the treatment of NSCLC, response rates 
remain between 19% and 50% (19-22) and lung cancer 
survival remains poor. Evidence is emerging of two distinct 
tumour phenotypes (23) that may partly explain non-response 
to immune-checkpoint blockers. A subset of patients with 
advanced solid tumours that show evidence of a T cell-
inflamed tumour microenvironment, have a more favourable 
response to immunotherapy (24,25) and the presence of 
tumour-infiltrating lymphocytes (TIL) (26) is associated with 
better prognosis (24). Tumours with a high proportion of 
TILs are often referred to as ‘hot’ tumours (26). The ratio 
between numbers of cytotoxic CD8+ T cells and T-regs 
(suppressor T cells) in tumours also effects which tumours 
are responsive to immunotherapy (26).

‘Cold’ tumours describe a phenotype of solid tumours 
with scanty T lymphocytes, in which immune-checkpoint 
blockade with drugs such as ipilimumab and pembrolizumab 
is ineffective (25,27). Correlation is seen between the 
low pre-treatment levels of CD8+ T cells in the tumour 
microenvironment and poor response to treatment (27). 
Careful density measurements of the different classes of 
infiltrating cytotoxic T cells and helper cells (Th1, Th2) in 
the pre-existing immune microenvironment of colorectal 
cancers have allowed quantification of the different 
immune cell types present (28). This is described as the 
‘Immunoscore’ (29) and may be a prognostic predictor of 
outcome following treatment (29). Interventions that will 
allow immunotherapeutic agents to become effective in 
‘cold’ tumours are likely to be key in improving the modest 
response rates to these agents. 

Mechanism of radiation-induced cell death

DNA is the principal target for cell damage by ionizing 
radiation, leading to cell death (30). Radiation induced DNA 
lesions in the form of base damage, single-strand breaks or 
double-strand breaks (31) occur through direct ionization or 
indirectly by the formation of hydroxyl free radicals.

 Normal cell DNA repair mechanisms tend to maintain 
the fidelity of the DNA in normal functioning of the cell. 
Defective DNA damage response and repair mechanisms 

in cancer cells may lead to cell death that is triggered 
following radiation induced cell stress (32). Radiation 
induced bystander effect may also contribute (33,34). 

Immunological consequences of radiation-
induced cell death

In addition to killing tumour cells radiation stimulates 
changes in the tumour microenvironment. It can have 
immunosuppressive effects (35). Localised radiotherapy 
recruits immunosuppressive myeloid cells that directly 
promote tumour growth (36) and contributes to an 
immunosuppressive environment by making T cells 
dysfunctional (37). Radiotherapy also up-regulates PD-L1 
expression in the tumour microenvironment that activates 
the inhibitory PD-1 receptor on T cells, inhibiting a T cell 
anti-tumour response (38). 

However, radiation may also have positive immune-
modulatory effects leading to the generation of a beneficial 
tumour-specific immune response (39). During tumour 
cell death due to ionizing radiation, tumour antigens are 
released and presented to dendritic cells that activate the 
adaptive immune system, stimulating proliferation of T 
cells which then mount a tumour-specific response (40,41). 
This anti-tumour response leads to radiation-induced 
‘immunogenic cell death’ (42). 

The molecular mechanisms by which dendritic cells 
are activated by ionizing radiation are being unravelled. 
Upregulation and translocation of calreticulin within dying, 
irradiated tumour cells, which is then expressed on the cell 
membrane, allows dendritic cells to recognize the dying 
cells and engulf them by phagocytosis (recognition signal) 
(39,43,44). Also, release of high-mobility group protein 
B1 (non-histone nuclear protein) from dying, irradiated 
tumour cells binds to Toll receptor 4, leading to dendritic 
cell activation (‘danger’ signal) (44,45).

Activated dendritic cells migrate to local lymph nodes 
where naïve T cells are presented with antigens specific 
to the tumour and are stimulated. These effector T cells 
migrate back to the tumour, attracted by chemokines 
induced by tumour irradiation (46,47). Surviving irradiated 
cells display enhanced expression of intercellular adhesion 
molecule (ICAM-1), death receptor Fas and major 
histocompatibility complex class I antigen-presenting 
molecules which all improve their recognition and killing 
by the activated anti-tumour T cells (48). This mechanism 
by which the irradiated tumour becomes a source of tumour 
antigens is described as in-situ auto-vaccination (8,49,50) 
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and this appears to have a role in both the priming and 
effector phases of anti-tumour immunity (44). In this way, 
radiation can prime the innate immune system and promote 
an anti-tumour response, recruiting T lymphocytes and 
turning ‘cold’ tumours ‘hot’, meaning they are more likely 
to respond to systemic immunotherapy.

Radiotherapy-induced immunogenic cell death therefore 
relies on T lymphocytes, which is at odds to the fact that the 
radiosensitivity of T lymphocytes makes them vulnerable 
targets during radiation. Radiation can induce lymphopenia 
by killing not only TIL but also lymphocytes in peripheral 
blood that transit through the radiation field. Severe 
lymphopenia has been shown to be associated with a poor 
prognosis in NSCLC (51). Limiting the size of radiation 
fields is therefore a consideration when investigating 
combination radiotherapy and immunotherapy as most 
immunotherapies depend on functioning T lymphocytes. 

‘Abscopal effect’ where non-irradiated metastatic lesions 
outside the radiation field apparently respond to treatment 
may also be immune-mediated (49,52). The theory is that 
radiation triggers anti-tumour T cell responses that can 
kill tumour cells distant to the irradiated tumour (49). 
Immune priming by ionizing radiation is insufficient to 
mount a strong and durable T cell response that is capable 
of eradicating the irradiated tumour and established 
metastases (44). The abscopal and immune-modulatory 
effects of ionizing radiation can be exploited by combining 
radiotherapy with systemic immunotherapy and this is 
currently explored in clinical studies.

Pre-clinical evidence 

Interplay between radiation therapy and immunotherapy 
has been demonstrated in preclinical studies (53). The 
National Cancer Institute (NCI) Translational Research 
Working Group defined immune response modifiers 
(IRM) as ‘immunotherapy agents that mimic, augment, 
or require participation of the host immune system for 
optimal effectiveness’ (54). A variety of IRM have been used 
in experimental models targeting different aspects of the 
immune pathway. 

Interleukin-2 (IL-2), a T-cell growth factor, may work 
synergistically with radiation to produce anti-tumour  
effects (55). Other cytokines, including IL-3, IL-12 and 
tumour necrosis factor, have been tested in combination 
with radiat ion with pos i t ive  outcomes in  mouse  
models (56,57). However, due to significant toxicities 
interleukins have had limited clinical use in combination 

with radiation.
Building on the theory of in-situ auto-vaccination 

experiments have examined vaccination with autologous 
tumour cells, modified to be more immunogenic, in 
combination with radiotherapy. In mouse glioma models 
the combination resulted in induction of anti-tumour T cell 
response resulting in prolonged survival in a mouse model (58).

Flt3-L growth factor stimulates dendritic cell production 
and has a role in inducing antitumor immunity in mouse 
tumours. Irradiation of the primary tumour in a murine 
model to 60 Gy, followed by Flt3-L administration, prevented 
development of lung metastases and prolonged disease-
free survival compared to radiation or Flt3-L alone (59).  
The addition of radiotherapy to an IRM causing an effect in 
non-irradiated tumour, greater than that seen with Flt3-L 
alone, is an example of abscopal effect. However, the need 
for such a high single radiation dose to obtain systemic 
antitumor response has limited clinical relevance (60). 

In a mouse model using 67NR mammary carcinoma 
Flt3-L together with lower doses of radiation demonstrated 
immune-mediated abscopal effect (49).  Mammary 
carcinoma xenografts in both flanks were treated with 
Flt3-L daily for 10 days after local radiation therapy to only 
one flank to a single dose of 2 or 6 Gy. Radiotherapy alone 
led to growth delay of the irradiated tumour alone. Flt3-L 
had no effect on either tumour (control). Simultaneous 
administration of Flt3-L and irradiation led to growth 
delay in both the irradiated and non-irradiated tumour. No 
growth delay was observed in the non-irradiated tumour 
in nude mice (T cell deficient), suggesting that T cells 
are required to mediate distant tumour effect induced 
by radiation. Combining two flank 67NR tumours and 
A20 lymphoma in the same mouse and irradiating one 
67NR tumour with Flt3-L administration did not result 
in growth delay of A20 lymphoma, suggesting tumour 
antigen specificity is important in the immune-mediated  
response (49). Injection of dendritic cells around the tumour 
after irradiation also increased anti-tumour response 
compared to radiation alone (61,62). 

Demaria et al. (63) used a metastatic mouse mammary 
carcinoma 4T1 model to test the combination of radiation 
and CTLA-4 blockade. Mice with subcutaneously 
implanted  mammary  carc inoma ce l l  l ine ,  which 
spontaneously develops systemic metastases, were randomly 
assigned to radiation to the primary tumour alone, 9H10 
monoclonal antibody (Mab) against CTLA-4 alone, and 
the combination of radiation and 9H10 Mab. Mice treated 
with radiation and 9H10 Mab had prolonged survival 
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compared to other groups and this was associated with 
fewer lung metastases which suggests immune-mediated 
abscopal effect—local radiation having a primer and 
effector role in a systemic immune response, augmented by  
CTLA-4 blockade. Depletion of CD8+ T-cell  was 
not associated with a reduction in the number of lung 
metastases, suggesting that CD8+ T cells play a crucial 
role in the anti-metastatic effect of the combination of  
CTLA-4 blockade and radiotherapy (63). Increasing the 
radiation dose was associated with improved local tumour 
control, distant tumour control and survival.

In addition to the beneficial effect of radiation modulating 
the tumour microenvironment and releasing tumour 
specific antigens for T cell recognition, radiation also 
has immunosuppressive effects. Irradiation of pancreatic 
tumours in mice results in a greater proportion of induced 
macrophages with immunosuppressive phenotypes and more 
T-regulatory cell phenotypes reducing anti-tumour immune 
response (37). Treatment with macrophage colony-stimulating 
factor 1 (M-CSF) blockade leads to some inhibition of the 
immunosuppressive effect of radiation (63). Radiation also 
leads to an increase in CCL2 chemokine production causing 
recruitment of Ly6C+CCR2+ monocytes supporting tumour 
proliferation and neovascularization after radiotherapy. 
Combining radiotherapy with an anti-CCL2 antibody 
disrupted monocyte recruitment with a decrease in tumour 
proliferation and vascularization and a delay in tumour growth.

Similarly the combination of NHS-IL2, an antibody 
specific for necrotic DNA fused to modified human IL-2, 
and cisplatin with radiotherapy in an in vivo study of murine 
lung carcinoma was more effective than controls (64). 

The experiments suggest that combination of radiation 
with IRM in animal models using homogenous cell lines 
is more effective than either modality alone. However, 
this may not be truly representative of the effect of the 
combination on heterogeneous human solid tumours (65). 
Such in vivo experiments also do not provide sufficient 
information on the potential toxicity of the combination 
particularly as the dose fractionation regimens used 
rarely parallel radiotherapy regimens used in the clinic. 
Nevertheless, the pre-clinical evidence suggests potential 
synergy, which can be explored in clinical trials. 

Clinical trials 

Concurrent radiation-immunotherapy trials

In a phase Ib trial of NHS-IL2, an antibody specific for 

necrotic DNA fused to modified human IL-2, patients with 
metastatic NSCLC, who achieved disease control after 
first line platinum-based chemotherapy, received palliative 
radiotherapy to the primary lung tumour or a pulmonary 
metastasis (20 Gy in 5 daily fractions), and 3-weekly 
cycles of NHS-IL2 until significant toxicity or disease 
progression. The commonest reported adverse effects were 
fatigue, anorexia and rash occurring even in the lowest 
NHS-IL2 dose cohort and similar to toxicities observed 
with NHS-IL2 monotherapy. Grade 3 toxicities included 
anaemia, lymphopenia and dose-limiting pericarditis. While 
pneumonitis, as a potential toxicity of both radiotherapy 
and immunotherapy, was not reported, four patients had 
unexplained dyspnoea. The treatment was associated with a 
transient increase in leukocyte count and an increase of both 
proliferating and memory CD4 and CD8 T cells during the 
first cycle of treatment. No objective clinical responses were 
observed. The median PFS was 2.9 months and median 
OS was 8.6 months; there were two longer-term survivors. 
NHS-IL2 with radiation was therefore reasonably well 
tolerated with a suggestion of benefit in some patients (64).

In a phase II study, patients with chemo-refractory 
metastatic NSCLC received ipilimumab within 24 hours 
of starting palliative radiotherapy (30 Gy in 5 fractions) 
to one metastatic lesion, with ipilimumab repeated every  
3 weeks for 4 cycles. In an early report when 12 patients 
were evaluable, complete response was seen in 2 patients, 
stable disease or partial response in 3 and progressive 
disease in 7 patients. Toxicities included rash (including 
G3), fatigue and diarrhoea. One patient experienced G2 
pneumonitis following irradiation of a lung lesion. The 
combination treatment could be tolerated but toxicity was 
significant, even in such a small group of patients (66).

A phase II study (RTOG99-09) of postoperative adjuvant 
vaccine immunotherapy (m 11D10 anti-idiotype vaccine 
and 3H1 anti-idiotype vaccine) and concurrent radiation 
in patients with completely resected stage II and stage IIIA 
NSCLC, tested humoral and T-cell responses, in addition 
to toxicity and tumour control endpoints and the results are 
awaited.

Sequential radiation-immunotherapy trials

A phase I/II  s tudy examined the combinat ion of 
recombinant MAGE-A3 protein, formulated with the 
immune-stimulant AS15, in synergy with radiotherapy 
in 1 of 4 of the study cohorts. MAGE-A3 is considered 
to be a tumour-specific antigen expressed on 24–45% 
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of NSCLCs (67). Cohorts 1, 2 and 3 used MAGE-A3 as 
adjuvant therapy following resection of early stage NSCLC 
concurrent with cisplatin/vinorelbine chemotherapy, 
sequential to chemotherapy or as adjuvant monotherapy 
respectively. Patients with unresectable stage III tumours 
were entered into cohort 4 and received at least 2 cycles of 
chemotherapy followed by sequential radiotherapy and then 
MAGE-A3 immunotherapy, administered intramuscularly 
every 3 weeks for 8 doses. Of 12 patients in the radiotherapy 
group (cohort 4), 11 experienced one or more G1-2 adverse 
effects. These included skin reactions and flu-like symptoms 
in 8 patients, infections in 7 and respiratory side effects 
in 5 patients. One patient in cohort 4 died of bronchial 
haemorrhage. The incidence of adverse effects in patients 
treated with radiotherapy prior to MAGE-A3 was no 
different compared to MAGE-A3 alone. 

Incomplete immunogenicity results show that prior 
to immunotherapy, 9% of patients were seropositive for 
MAGE-A3-specific antibodies and 10% and 5% had 
detectable MAGE-A3-specific CD4+ and CD8+ T-cell 
responses respectively. After treatment, MAGE-A3-specific 
CD4+ T-cell responses were induced in 29% (10/34) of 
patients with resected tumours (cohorts 1–3) and in 83.3% 
(5/6) patients with unresectable tumours who had received 
radiotherapy (cohort 4). The corresponding induced CD8+ 
T-cell responses to immunotherapy were 6% (2/34; cohorts 
1–3) and 33% (2/6; cohort 4) (67). The results in this 
small cohort of patients suggest potentiation of immune 
cell response in combination with radiotherapy that is in 
keeping with the role of radiation priming the immune 
system. A subsequent phase III trial examined the role 
of adjuvant MAGE-A3 (with or without chemotherapy) 
in completely resected NSCLC without prolongation of 
disease-free survival compared to placebo (68) leading to 
discontinuation of any further development of MAGE-A3 
in NSCLC. The role of radiotherapy in synergy with 
MAGE-A3 has not been examined further. 

A phase II cancer vaccine and radiotherapy study 
used the liposomal vaccine, L-BLP25 (tecemotide), a 
synthetic lipopeptide designed to induce a T-cell response 
to the mucin 1 glycoprotein which is overexpressed and 
abnormally glycosylated in NSCLC (69). Patients with 
stage IIIB or IV NSCLC, achieving at least stable disease 
following chemoradiation or palliative chemotherapy 
respectively, were randomised to either L-BLP25 and best 
supportive care (BSC) or BSC. A single low intravenous 
dose of cyclophosphamide was administered 3 days before 
the first vaccine immunotherapy to enhance its effects 

and L-BLP25 was administered subcutaneously weekly 
for 8 weeks and could continue as 6-weekly maintenance 
injections at investigators discretion. The L-BLP25 was 
well tolerated with 97% completing the primary phase 
of L-BLP25 treatment and 69% continuing on the 
maintenance vaccine phase (70). The 3-year survival was 
31% in the L-BLP25 arm and 17% in BSC arm (P=0.035). 
Subgroup analysis suggested that the survival benefit was 
confined to patients with localised stage IIIB disease with a 
3-year survival of 49% in the vaccine compared to 27% in 
the BSC group (P=0.07) with respective median survivals 
of 31 and 13 months. The suggestion is therefore that 
radiotherapy may have primed the immune response (71). 

Tecemotide vaccine combined with radiotherapy 
was tested in a phase III randomised-controlled trial in 
locally advanced NSCLC (START trial) in which patients 
with unresectable stage III NSCLC, who had at least 
stable disease following chemoradiation treatment, were 
randomised between tecemotide maintenance vaccine  
(L-BLP25) and placebo. There was no significant difference 
in median OS [26 months (95% CI: 22.5–29.2) versus 
23 months (95% CI:  19.6–25.5) respectively (adjusted 
HR 0.88, 0.75–1.03; P=0.123)]. Patients were stratified 
according to concurrent or sequential chemoradiation. 
Patients treated with concurrent chemoradiotherapy had 
an improved outcome with a median survival of 31 months 
(95% CI: 25.6–36.8) in the tecemotide arm, compared to 21 
months (95% CI: 17.4–23.9) in the placebo arm (adjusted 
HR 0.78, 0.64–0.95; P=0.016) (72). This led to a phase III 
trial (START2) randomising patients with unresectable 
stage III NSCLC treated with primary concurrent 
chemoradiation to maintenance tecemotide vaccine or 
placebo. 

Tecemotide investigated in patients with unresectable 
stage III NSCLC after primary chemoradiotherapy in Japan 
showed no benefit in OS or any secondary endpoints in a 
randomised phase II study (73) and further development of 
tecemotide, including the START 2 trial, were terminated. 
A phase II trial examining L-BLP25 in the same clinical 
setting, but with the addition of bevacizumab, remains in 
progress. 

A phase III randomised-controlled, double-blinded 
trial (PACIFIC Trial) (74) using a PD-L1 inhibitor, 
durvalumab, following radiation, randomised patients with 
unresectable stage III NSCLC, achieving at least stable 
disease following concurrent chemoradiation, to 2-weekly 
intravenous durvalumab consolidation or placebo for up 
to 12 months, with a 2:1 randomisation. No threshold  
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PD-L1 biomarker level was prerequisite to treatment. 
Planned interim analysis showed a significant improvement 
in both median and 18-month PFS rate in the durvalumab 
arm compared to placebo [16.8 months (95% CI: 
13.0–18.1) versus 5.6 months (95% CI: 4.6–7.8), and 
44.2% (95% CI: 37.7–50.5%) versus 27% (95% CI: 
19.9–34.5%) respectively]. Pneumonitis and pneumonia 
were the commonest reasons for discontinuation of 
durvalumab or placebo: 33.9% (G3/4 3.4%) and 24.8% 
(G3/4 2.6%) for pneumonitis and 13.1% (G3/4 4.4%) and 
7.7% (G3/4 3.8%) for pneumonia, respectively. Adverse 
events that required concomitant steroid, endocrine or 
immunosuppressive treatment were reported in 42.1% and 
17.1% of patients respectively. There were 21 deaths in the 
durvalumab arm and 13 in the placebo arm, including 4 and 
3 with pneumonitis respectively. 

The significant difference between the two arms 
demonstrated at interim analysis could be due to the 
adjuvant effect of additional immunotherapy. It is also 
possible that the prior radiation primes the immune system, 
thus improving the response to subsequent immunotherapy, 
even in patients who may have had ‘cold’, immunotherapy-
resistant tumours initially. However, the control arm 
has poorer than expected outcomes with a median PFS 
of only 5.6 months for stage III NSCLC following 
concurrent chemoradiation which is likely exaggerating 
any differences between the two arms. The addition of 
durvalumab significantly increases toxicity with one-third of 
patients having to discontinue the immunotherapy due to 
pneumonitis (74).

Radiation and immunotherapy clinical trials in progress

With PD-1 inhibitors, such as pembrolizumab and 
nivolumab, now becoming standard of care in a variety 
of settings in NSCLC, there has been an explosion of 
trials investigating their use with radiotherapy. The trials, 
investigate a number of questions from sequencing of 
treatment modalities to dose-fractionation. Table 1 shows 
some of the currently active trials combining radiation and 
immune-checkpoint inhibitors. They are predominantly 
phase 1 and 2 trials with a focus on the potential toxicity 
of combining checkpoint inhibitors with radiotherapy. 
As both lung radiotherapy and immunotherapy can cause 
pneumonitis the incidence and severity of pneumonitis of 
combined treatments will be of particular relevance. 

A randomised I-SABR trial tests the addition of 
nivolumab to stereotactic radiotherapy in early lung cancer 

and solitary pulmonary metastases looking both at toxicity 
and efficacy in terms of radiation priming the response 
to immunotherapy with the potential for enhancing 
immunotherapy efficacy. 

In the PembroX phase 2 trial patients with NSCLC 
planned for surgical resection (stages I–IIIA) are randomised 
to pre-operative pembrolizumab alone or pembrolizumab 
and radiotherapy with a single stereotactic fraction of 12 Gy  
delivered to 50% of the primary tumour. The resected 
tumour is then assessed for sub-types of T lymphocyte 
infiltration in the two arms testing the hypotheses of ‘cold’ 
tumours (lacking TIL) and potential radiotherapy priming 
to increase the response to immunotherapy. 

Several studies investigate combination CTLA-4 
and PD-1 inhibitors together with radiotherapy. As the 
combination of two or more checkpoint inhibitors in 
the treatment of metastatic melanoma is associated with 
increased toxicity, the combination of agents in patients 
with lung cancer and frequent comorbidity, together with 
radiotherapy may prove challenging.

Summary

Increased understanding of immune mechanisms at 
molecular and cellular level has revealed interactions 
between tumours, radiation and the immune system. DNA 
remains the principal target for ionising radiation damage 
leading to cell death. Although the effects of radiation on 
tumour microenvironment are becoming more understood, 
it is likely that current state of knowledge is only a glimpse 
into the complexity of immune interactions with more 
pathways involved in the interplay yet to be discovered.

The relative success of checkpoint inhibitors in NSCLC 
combined with the concept of ‘priming’ the immune system 
with radiation to make ‘cold’ less responsive tumours more 
responsive to immunotherapy, has opened the door to 
studies combining radiation with immunotherapy. While 
the published pre-clinical model studies are encouraging, it 
is difficult to be certain of their relevance, as model systems 
are unlikely to be representative of the complexity of the 
true in vivo setting. 

Initial interest in vaccine immunotherapy combined 
with radiation has seen no clinical application of significant 
benefit. Studies of immune modulators such as interleukins 
and recombinant antigens in combination with radiation 
have not produced robust data on clinical outcome to draw 
any conclusions.

Current interest in combining radiation with immune 
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checkpoint inhibitors has a particular focus on NSCLC. 
Table 1 illustrates the range of questions requiring answers 
prior to embarking on large randomised trials of combined 
treatments. Optimum dose fractionation schemes required 
to prime the immune system are not defined and the studies 
largely reflect favoured radiation practice. At one end of 
the spectrum, immune checkpoint inhibitors have been 
combined with ablative dose of radiation (SABR) and at 
the other with low dose palliative regimens. The volume of 
irradiation to enhance the required immune modulation is 
also not defined; concerns of radiation causing lymphopenia 
and thereby reducing effectiveness of immunotherapies 
means partial target irradiation is utilised in some trials. 
Sequencing of radiation and immunotherapy is also not 
clear and trials examining this are under way. 

Safety and toxicity are of paramount importance and 
combining data on adverse effects from all trials will be 
important to tease out rare but serious adverse effects and 
in the setting of NSCLC radiotherapy, to ascertain the 
potential risk of the combined effect of the two modalities 
on the incidence and severity of pneumonitis.

Biomarker studies, particularly focusing on measures 
of immune response and activity are an important 
component of current and future clinical trials to try and 
define molecular predictors of outcome. The complexity 
of immune interactions at cellular level means that many 
factors such as the timing of assays in relation to dosing 
and radiation and the type of cells of the immune system 
being assessed need to be considered and evaluated prior to 
employing tumour microenvironment and immune system 
assays as surrogates of treatment efficacy. As the immune 
functioning and response are dynamic it is likely that single 
snapshot assays will not be sufficient and there will be a 
need for dynamic testing which may also include the need 
for repeat biopsies unless surrogate serum or circulating 
cellular biomarkers are discovered. The potential exists for 
non-invasive monitoring of immune activity by dynamic 
imaging of labelled immune cells.

We are entering an exciting era of evolving cancer 
immunotherapy with a potential for radiation to enhance the 
effect of immune modulatory drugs. This is the beginning 
of a journey with a need for well-designed biomarker 
driven prospective studies of radiation and immunotherapy 
to answer an ever-increasing list of questions prior to 
embarking on the much-needed prospective trials testing 
the role of combination radiation-immunotherapy. The 
particular focus on lung cancer as one of the tumours with 
the most promising efficacy of immunotherapy poses novel 

challenges to a fast-developing landscape with a real hope of 
improving treatment outcomes.
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