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Abstract: Traditional chemotherapeutic agents non-selectively eliminate cancer cells at the expense 
of normal tissue; in an attempt to minimize such effects, a new class of targeted agents, immunotherapy, 
was introduced in the late 1950s with the discovery of interferons and the development of the first cancer 
vaccine. Ever since, immunotherapy evolved, exploiting different cellular mechanisms including dendritic 
cell therapy, monoclonal antibodies, and cytokines. Immune checkpoint inhibitors (ICPI) are the most recent 
subclass of this family and we herein review the basis of exploiting this new subclass of immunotherapy 
with radiotherapy in the context of studies evaluating their effects on human subjects and focusing on the 
synergism between the molecular pathways operating in the background. PubMed was searched for studies 
evaluating the combined use of ICPI and radiotherapy among human subjects. The majority of studies noted 
an increased response rate in patients receiving combined therapy with no significant increase in toxicity. 
Outcomes varied among the different ICPI, and treatment with combined anti-PD-1 and anti-CTLA-4 had 
a higher response rate compared to either modality alone. Synergistic use of ICPI and radiotherapy has the 
potential to improve survival, however the specifics regarding treatment plan is dependent on a myriad of 
factors including the genetic and molecular makeup of the tumor as well as the patient. 
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Background

Immune checkpoint inhibitors (ICPI) mechanism of actions

Immune checkpoints serve as “suppressors” (1) targeting 
T cells (2) in a tightly regulated system relying on antigen 
specificity and signal amplification to modify the behavior 
of the immune system in response to foreign versus self-
antigens (3). Antigen presenting cells (APC) process and 
express antigens on major histocompatibility complexes 
(MHC) recognized by T cell receptors. The T-cell 
receptor recognizes and interlocks with specific peptide-
MHC combinations triggering a cascade either to kill 

the cell expressing the peptide (cytotoxic T cells) or to 
recruit other components of the immune to link adaptive 
and innate immunity (helper T cells) (4). The overall 
immune response is amplified culminating in the release 
of cytokines, recruitment of immune effectors cells, and 
strengthening subsequent T cell receptor interactions (3). 
Checkpoints suppress this activation helping healthy cells 
evade from the immune system. The same mechanism is 
exploited by cancer cells through expression of inhibitory 
ligands and receptors that suppress T-cell effector function; 
thus building cancer cell mediated immune tolerance (3).  
ICPI helps overcome this tolerance and in particular 
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three molecules part of the ICPI pathway currently under 
investigation for pharmacological intervention include: 
CTLA-4, PD-1, and PD-L1 inhibitor (Figure 1).

CTLA-4 inhibitors

CTLA-4, a down regulator of the immune response, is a 
protein receptor homologous to CD28 that provides the 
second activation signal following antigen recognition (5). 
Although, both CTLA-4 and CD28 receptors are located on 
T cells and interact with B7 receptors on APCs, the CTLA-
4 receptor has 500–2,500 times higher affinity for the B7 
receptor in comparison to the CD28 receptor (6). Despite 
this high affinity, two mechanisms regulate its activity, 
first its expression only follows activation of T cells and is 
proportional to the strength of the TCR stimulus (5,7,8) 
and second CTLA-4 resides in an endosomal compartment 
and surface expression is restricted until activation (8). Once 
CTLA-4 interlocks with the B7 receptor, a tyrosine kinase 
signal cascade is triggered (7,8) leading to an increased 
threshold of stimulatory signals required for T cell 
activation, thereby decreasing the replicability of T cells (8) 
and interfering with CD28:B7 and TCR:MHC binding via 
direct inhibition at the TCR immune synapse, interruption 
of the CD28 cascade, and increased motion of T cells 

limiting the interaction between T cells and APCs (8-11). 
In contrast, a powerful immune response is induced 

when an antibody blocks the CTLA-4:B7 interaction and 
favors B7:CD28 mediated mitogen activated protein kinase 
pathways resulting in proliferation of T cells, increased 
T cell survival, and production of growth cytokines such 
as IL-2 to activate T effector cells (8,12) and increase the 
diversity of the T cell response (13,14).

PD-1 inhibitors

Similar to CTLA-4, the PD-1 receptor interacts with 
two ligands within the B7 family, PD-L1 and PD-L2 (12)  
through which T cell proliferation is inhibited and expression 
of pro-inflammatory markers (IFN- γ, TNF-α, and IL-2) 
is decreased. In T cells whose receptors have recognized 
their respective antigen on the T cell receptor, simultaneous 
stimulation of the PD-1 receptor inhibits phosphorylation of 
intermediates in the TCR pathway inhibiting activation of T 
cell (12). On a molecular level, activation of PD-1 receptor 
switches on the tyrosine based motif, recruiting the Src 
homology 2-containing tyrosine phosphatase (SHP-2) which 
serves to dephosphorylate and inhibit phosphoinositide 
3-kinase (PI3K) activity, decreasing glucose metabolism and 
IL-2 secretion (15). PD-1 receptor activation on T-regulatory 
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Figure 1 Visualization of interactions between different immune system players and the role of immune checkpoint inhibitors in this pathway. 
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cells increases transformation of CD4 positive T cells to T 
regulatory cells further enhancing the anti-inflammatory 
environment (15). This receptor is important in states of 
chronic inflammation when T cells have been constantly 
stimulated (16), however, in instances such as tumors and 
chronic infections, this safety mechanism against auto-
immunity can result in inadequate immune support. 

The two ligands, PD-L1 and PD-L2, differ in expression 
and function: PD-L1 has a wider distribution on leukocytes, 
tumor cells, nonlymphoid tissue, and its expression can 
be triggered on parenchymal cells via the local presence 
of cytokines such as IFN-γ and TNF-α (17,18). Increased 
expression of PD-L1 by healthy tissue in response to these 
pro-inflammatory markers allows for peripheral immune 
tolerance. In contrast, PD-L2 has more limited expression 
on dendritic cells, monocytes, and mast cells (15), and 
while PD-L1 modulates CD8+ T cell function, PD-L2 
modulates CD4+ function (19). Selectively blocking PD-
L1 ligand maintains the interaction between PD-1 and PD-
L2 providing self-tolerance and minimizing side effects (3) 
which otherwise would occur if PD-1 receptor blockade 
occurs disrupting the interaction between PD-1 receptor 
and both the PD-L1 and PD-L2 ligands. Decreased PD-1 
and PD-L1 interaction increases the number of T cells and 
pro-inflammatory markers at the tumor site creating an 
environment more suitable for tumor suppression (20). In 
order for these interactions to function tumor markers such 
as PD-1 on tumor infiltrating lymphocytes and PD-L1 on 
tumor cells have to be present, highlighting the importance 
of biomarkers to predict effective response to ICPI (21,22).

Combining and differentiating PD-1 and CTLA-4

Although both PD-1 and CTLA-4 interact with the 
same family of B7 ligands and suppress T cell function, 
their distinct functions play an important role in their 
corresponding clinical use. In contrast to CTLA-4’s 
role early in the immune response by preventing T 
cell activation, PD-1 inhibits peripheral tolerance by 
suppressing effector T cell function further down the 
immune cascade. Clinically, the combination of CTLA-
4 and PD-1 antagonists has shown to enhance antitumor 
response via activation of different pathways indicating 
distinct, but synergistic mechanisms of action (23,24).

Synergy between radiotherapy and check point inhibitors

Radiotherapy may potentiate the efficacy of immunotherapy 

via several mechanisms (Figure 2). First, radiotherapy 
induces apoptosis of tumor cells, thereby increasing cross 
presentation of tumor antigens via APCs (25) and direct 
T cell activation (26). Radiotherapy induced tumoricidal 
effect results in release of more tumor antigens leading to 
clonal expansion of activated T cells (27) through which 
both the diversity of T cell populations and the rate at 
which they are activated are enhanced (4). Radiotherapy 
also creates a pro-inflammatory milieu by upregulating cell 
surface molecules such as MHC class 1 and CD95 (Fas) 
and increasing the secretion of IFN-1 via accumulation of 
cytoplasmic double stranded DNA (26,28). The enhanced 
immune response following radiotherapy may explain the 
abscopal effect of radiation in which metastatic lesions 
outside the field of radiation regress following radiotherapy 
(29,30), however, radiotherapy also induces expression of 
repair mechanisms such as TREX1 to alleviate radiotherapy 
induced damage thereby requiring an external mechanism 
to alter the existing immune response to radiotherapy (28). 
ICPI has the potential to tip the balance towards a more 
pro-inflammatory environment to enhance the tumoricidal 
effects of radiotherapy while decreasing immunosuppressive 
cytokines such as TGF-β and cells such as T-regs (29,31). 

Since the interplay between these two modalities vis-
a-vis dosage, sequence of therapy administration, and 
potential toxicities have considerable impact on the overall 
outcome, this review will delve into clinical studies focusing 
exclusively on human subjects that have examined the 
combined use of these modalities to evaluate for: optimal 
dosage, interval of dosage, tumor response rate, the effect 
of biomarkers on response rate, and toxicity in the context 
of specific immune checkpoint blocking agents and tumor 
types (29).

Methods

From December 1990 to November 2017, PubMed was 
searched using the following queries: 

(I)	 “CTLA-4 Blockade AND radiotherapy” (54 
results); 

(II)	 “Ipilimumab (Ipi) AND radiotherapy” (147 
results);

(III)	 “PD-1 Blockade AND radiotherapy” (58 results); 
(IV)	 “PD-L1 blockade AND radiotherapy” (44 

results); 
(V)	 “Nivolumab AND radiotherapy” (81 results); 
(VI)	 “Pembrolizumab AND radiotherapy” (64 results); 
(VII)	 “Atezolizumab AND radiotherapy” (6 results).
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Figure 2 Visualization of the interplay between radiotherapy and immunotherapy accounting for their synergistic outcomes.
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The abstracts of these 442 hits were screened for 
relevance of which 20 were selected for in-depth review. 
Inclusion criteria were the following: (I) more than 10 
patients in the study; (II) median follow up length of at 
least 6 weeks; (III) combined treatment of radiotherapy and 
ICPI; (IV) objective measurement of outcome consisting 
of the following: overall response rate (ORR), overall 
survival (OS), metastasis-free survival (MFS) or metastasis-
free progression rate (MFP) with significance reported as P 
value, hazard ratios (HR), or confidence interval (CI).

Results

Response rate 

Overall, combination of ICPI and radiotherapy has 
improved outcomes in comparison to either modality 
alone (Table online: http://atm.amegroups.com/public/
system/atm/supp-atm.2018.03.09-1.pdf) (32-51). In a study 
by Tazi et al., patients treated with ICPI were split into 
two cohorts based on the presence (A) or absence (B) of 
brain metastasis (39). The 3-year survival rates from the 

first cycle of ICPI were 50% (95% Cl, 27–93%) and 39% 
(95% Cl, 19–81%) for cohort A and B respectively (39);  
however, combination therapy [including stereotactic 
radiosurgery (SRS)] had improved outcomes among patients 
with brain metastasis to achieve survival rates comparable 
to those without brain metastasis. Using historical control 
patients receiving radiotherapy alone for unresectable 
melanoma brain metastasis, Ahmed et al. reported on 
improved survival with the addition of Nivolumab either 
before or after radiotherapy (46). Although the combination 
of SRS and Ipilimumab achieved 1-year-local control rates 
comparable with those achieved with Nivolumab (~80%), 
the distant control rates were higher with Nivolumab 
suggesting that anti-PD1 may lead to better outcomes when 
compared to anti-CTLA-4 therapy especially for tumors 
with higher degrees of PD-L1 immunohistochemical 
staining (46). Similar findings were reported in a study done 
by Qian et al where patients either received concurrent 
therapy for all lesions, non-concurrent therapy for all 
lesions, or a combination of concurrent therapy and non-
concurrent therapy that varied based on lesion (47). The 
median percent reduction of tumor mass was higher in 
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patients receiving anti-PD-1 ICPI versus those treated 
with anti-CTLA-4 therapy at 3 months (89.3% vs. 66.2%, 
P<0.0001), and 6 months (95.1% vs. 75.9%, P=0.0004), 
respectively (47). 

When evaluating outcome in the context of ICPI, the 
variable chosen to represent the data is important as in 
studies where metastasis progression free survival (MPFS) 
was not statistically different among patients receiving 
ICPI alone versus combination therapy, OS was noted to 
be superior in the combination group (48,51), highlighting 
the inadequacies of MPFS as a reliable surrogate to measure 
the effectiveness of ICPI as the treatment effect is not large 
enough to be statistically significant predisposing to a type 2 
error (52). To improve the reliability of MPFS, the duration 
of treatment response examined can be increased as 
highlighted in Kwon et al.’s examination of men diagnosed 
with castration resistant prostate cancer and at least one 
bone metastasis receiving bone directed radiotherapy  
(8 Gy in 1 fraction) with or without Ipilimumab where the 
MPFS HR before 5 months was 1.46 (95% CI, 1.10–1.95), 
from 5 to 12 months 0.65 (95% CI, 0.50–0.85), and beyond 
12 months 0.60 (95% CI, 0.43–0.86) (37). Appropriate 
statistical measures need to be utilized to capture the 
mechanistic design of ICPI as treatment results take time 
to manifest and achieve statistical significance reflecting 
the slower onset of ICPI’s effects and their reliance on 
stimulating existing immune pathways. 

Treatment sequence

The timing between ICPI administration and radiation may 
influence the overall outcome. Silk et al. noted that patients 
who received Ipilimumab before radiation had a lower OS of 
8.1 months compared to an OS of 18.4 months among those 
who received Ipilimumab after radiation therapy, however, 
patients who received ICPI prior to radiation therapy 
had a higher response rate (40%) compared to patients 
who received ICPI after radiation therapy (17%) (34).  
In this study, response rate is a better reflection of treatment 
outcome as patients who received radiation therapy 
first were treated with radiation therapy in 2009–2010, 
therefore, those who lived long enough after radiation 
therapy to receive Ipilimumab after it became available in 
2011 already had a predisposition to improved survival, 
resulting in a potential overestimation of OS and were more 
probable to receive alternate therapies interfering with the 
observed results. On the contrary, by measuring response 
rate immediately following initiation of either radiation or 

ICPI restricts the cumulative effects of alternate therapies 
on the outcome measured suggesting ORR to be a more 
precise indicator. Similar findings were reported by Qin 
et al. where patients who received ICPI before radiation 
therapy had an increased duration of tumor response to 
radiation compared to patients who received ICPI after 
radiation therapy (74.7% vs. 44.8% at 12 months; P=0.01, 
log-rank test) (41). In contrast, Keiss et al. noted patients 
who received SRS prior to Ipilimumab or concurrent with 
Ipilimumab had better OS and less regional recurrence 
than patients treated with SRS after Ipilimumab (1-year OS 
65% vs. 56% vs. 40%, P=0.008; 1 year regional recurrence 
69% vs. 64% vs. 92% P=0.003) (40), however, in Keiss 
et al.’s study patients who received SRS after Ipilimumab 
had disease refractory to Ipilimumab, and thus had worse 
prognostic outcome and only patients with stable disease 
and a positive response to Ipilimumab induction therapy 
progressed to receive maintenance Ipilimumab; therefore, 
these patients were predisposed to a more favorable 
prognosis. Contrary to the preceding studies, Knisely 
et al. found no statistical difference in median survival 
between patients who received Ipilimumab before SRS and 
patients who received Ipilimumab after SRS; 19.8 months 
(95% Cl, 1.5 months—not yet reached upper limit) versus  
21.3 months (95% Cl, 15.7 months–not yet reached upper 
limit) (P=0.58) respectively (38), however, limitations of this 
study include a smaller sample size compared to the previous 
studies, thereby reducing the statistical significance of the 
study and a possible difference in the baseline characteristics 
of those who received Ipilimumab before radiation and those 
who received Ipilimumab after radiation, as these baseline 
characteristics were not discussed. 

Appropriate timing of radiation and ICPI is important to 
optimize treatment response. An et al. compared responses 
among patients who received SRS before and after  
5.5 months of treatment with Ipilimumab and noted those 
who received early SRS, within 5.5 months of Ipilimumab, 
had significantly better intracranial control of brain 
metastasis of melanoma in comparison to patients who 
received late SRS (HR=2.07; 95% CI, 1.03–4.16) (32). Late 
SRS treatment had efficacy levels comparable to isolated 
SRS treatment, whereas, early SRS treatment had a similar 
efficacy to whole brain irradiation (WBRT), without the 
irreversible, cognitive deficits associated with WBRT (32), 
furthermore, patients who developed brain metastasis 
earlier had a more severe disease presentation and required 
earlier treatment with SRS compared to those who received 
SRS 5.5 months after Ipilimumab treatment undermining 
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the association between early initiation of treatment and 
treatment response. A similar study by Patel et al. noted 
improved OS among patients who started Ipilimumab 
within 14 days of SRS (42.9% at both the 1-year and 2-year 
time point) compared to those who received Ipilimumab 
after 14 days (33.8% at 1 year and 16.9% at 2 years) (42). 
On comparison of concurrent vs. sequential use of these 
therapies, Liniker et al. noted irradiated lesions receiving 
concurrent therapy had a higher response rate at 64% in 
comparison to irradiated lesions receiving sequential anti-
PD-1 therapy. These studies highlight timing is critical 
to how these two modalities complement each other and 
reflects their mechanisms of action as immunotherapy alters 
immune cell profiles and the local cytokine environment 
resulting in enhanced efficacy of radiotherapy (53-55), and 
radiation increases the expression of mannose 6 phosphate 
(M6P) receptor, a prerequisite receptor for Ipilimumab’s 
activity, within 3 days of radiation before it returns to 
baseline within 7 to 14 days, therefore, to maximize therapy 
efficacy, concurrent administration of both modalities needs 
to take place within a limited time frame that depends on 
tumor characteristics (such as specific mutations) as well as 
the overall treatment plan (42). 

Location of radiation and radiation dosage 

Mouse model examinations of dose response rates 
showed conflicting findings regarding radiation dose and 
fractionation. Regimens with more fractions and less 
dose per fraction (8 Gy ×3, 6 Gy ×5) had increased IFN-1  
levels and prevented the induction of TREX1, a protein 
expressed to degrade cytosolic DNA. On the contrary, 
higher doses in the vicinity of 30 Gy were required to 
eliminate myeloid cells within the tumors before T cells 
were able to infiltrate the tumor (28,56). Human subjects’ 
studies displayed similar conflicting conclusions. In a study 
by Qin et al., patients receiving ablative doses of extracranial 
radiation therapy (median dose of 16 Gy per fraction in 1 
fraction) had double the median OS as those who received 
conventionally fractionation (33 Gy in 11 fractions) (19.6 
vs. 10.2 months; 95% CI, (14.0–38.1 months vs. 6.7 months 
to not reached), furthermore (41), on the contrary in studies 
by Chandra et al. and Patel et al., increased fractions at 
lower dose per fraction resulted in improved outcomes 
(50,57). Chandra et al. noted among patients with metastatic 
melanoma radiation fraction size was the only variable that 
remained significant for improved rate of index response in 
univariate and multivariate analysis; specifically, a radiation 

fraction size of ≤3 Gy was associated with an improved rate 
of index lesion (50), similarly in Patel et al.’s examination 
patients who received 2–5 fractions were noted to have a 
higher response rate in comparison to those receiving a 
single fraction (57). 

Many studies on concurrent ICPI and radiotherapy focus 
on metastatic brain melanoma. Few studies have examined 
other malignancies and the efficacy of combined treatment 
at other sites. Tang et al. examined 34 patients who received 
either concurrent or sequential treatment with Ipilimumab 
and radiotherapy at either the lung or liver for the following 
primaries; non-small cell lung cancer (NSCLC), colorectal 
carcinoma, sarcoma and renal cell carcinoma (43). Clinical 
benefit correlated with increased ratios of CD8+/CD4+ T 
cells and increased peripheral cells expressing ICOS, GITR, 
and 4-1BB (43). In comparison to combined hepatic and 
lung radiation, hepatic radiation was associated with higher 
levels of CD8+ T cells, increased expression of ICOS, 
GITR, and LAG3 among those CD8+ cells, and increased 
expression of 4-1BB, GITR, TIM-3 and PD1 among CD4+ 
Treg cells (43), all pro-inflammatory changes, however, 
since multiple tumor specimens were studied and there was 
an unequal representation of the different histologies at 
liver and lung sites, the inherent differences among these 
primaries can confound the results (43). 

Toxicity 

Both modalities have inherent toxicities that have the 
potential to amplify when combined. Radiation has systemic 
adversities including dermatitis, pneumonitis, esophagitis, 
emesis (58), and specific to intracranial tumors necrosis and 
hemorrhage resulting in inflammation and mass effect (59).  
Immune therapy can cause gastrointestinal effects 
including vomiting and liver injury as well as other systemic 
manifestations including dermatitis, fatigue, and anemia (60).  
No difference in adverse effects were noted among patients 
in most of the studies examined who received combination 
therapy compared to those who received either modality 
alone, therefore it is important to highlight the studies 
that noted a difference (34,36,37,39,42). Kiess et al. noted 
an increase in brain mass diameter due to edema and 
hemorrhage of 150% in half the patients treated with 
radiation during or before Ipilimumab, but not present 
in patients treated with radiation after Ipilimumab (40). 
In particular, patients treated with radiation before 
Ipilimumab, had an increase in mass diameter after the 
initiation of Ipilimumab, indicating that the inflammation, 
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hemorrhage, and edema associated with radiation was 
exacerbated by the addition of Ipilimumab and these 
changes can clinically manifest as headaches, seizures and 
other neurologic symptoms (40). In this study, patients 
were only monitored for 1 year, however, as inflammation 
subsides these symptoms should minimize and follow 
up past 1 year can determine whether these changes are 
reversible. Steroids have thus far been used to manage these 
cerebral effects, however as patients receiving concurrent 
therapy have improved survival rates, long term use of 
steroids to minimize inflammation can cause systemic 
effects, necessitating the need for alternative modalities to 
reduce the use of steroids including the potential use of 
surgical intervention to reduce the size of the brain mass (38).  
In contrast to Kiess et al.’s study, Ahmed et al., reported 
only 11% of cases with an increase in brain mass volume 
due to hemorrhage and edema when concurrent therapy 
of anti-PD1 and radiation therapy was used, this difference 
questions whether there is a difference in the interplay 
between the different ICPI agents and radiation that could 
account for their distinct adverse effect profiles (46).

Future studies

Biomarkers

Biomarkers are critical to predict tumor response to ICPI 
(61,62) as studies have noted improved efficacy of ICPI 
targeted at tumors with increased mutations (63) and 
specific markers (64). In vitro studies have noted that cGAS 
and STING expression is important in the transcription of 
factors required for the release of IFN-1 whereas in vivo 
studies have yet to identify specific mutations and genetic 
markers that prognosticate good treatment response to 
ICPI (32,36,37,56). Further examination for these markers 
is critical to help predict prior to treatment patient response 
to both help design treatment plans constructed for the 
patient’s particular tumor composition and to minimize 
unnecessary financial costs for patients who would not 
benefit from ICPI. 

Conclusions

ICPI and radiotherapy enhance the capacity of the intrinsic 
immune system to overcome the anti-inflammatory 
properties inherent to tumor cells and create a pro-
inflammatory milieu that has potential to maintain sustained 
anti-tumorigenic properties via immunological memory. 

Studies show improved outcomes with minimal adverse 
effects, however, more clinical trials are required to establish 
a better understanding of how elements such as radiation 
dosage, tumor histology, and treatment schedule interact 
to effect treatment response. Although, the purpose of 
this review is to clarify these points, it is evident that with 
only a limited number of studies involving human subjects 
examining combination therapy, definitive answers are 
difficult to conclude emphasizing the complexity of this 
relationship and suggesting the future of these modalities 
is perhaps not to have stringent guidelines, but rather be 
individually catered to complement both the genetic makeup 
of the tumor and the patient.
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Table 1 Outcome of immunotherapy and radiotherapy in patient studies

Study reference (year)  
(N = number of participants overall)

Cohort definitions  
(n = number of subjects in each group)

Dosage Survival Response Hazards ratio Other

An et al. [2017] (N=99) (32) A: SRS 5.5 months after Ipi (n=20);  
B: SRS 5.5 months within receiving Ipi (n=51)

Ipi 3 or 10 mg/kg every 3 weeks;  
50% IDL: 20 (16–24) Gy. Single fraction SRS

A: 13.4 months;  
B: 11.5 months  
(P=0.081) 

LC—A: 3.63 months;  
B: 8.43 months 
(P=0.04)

OS multivariate: 1.78  
(95% Cl 0.85–3.76, P=0.129)

NR

Barker et al. [2013] (N=29) (33) A: RT during induction phase (n=19);  
B: RT during maintenance phase (n=11) 

Ipi 10 mg /kg;  
MD: 30 Gy. Number of fractions adjusted for each patient

A: 9 months  
B: 39 months 

NR NR Time to treatment failure— 
A: 5 months;  
B: 39 months 

Silk et al. [2013] (N = 70) (34) A: Ipi before RT (n=12);  
B: Ipi after RT (n=21);  
C: RT only (n=37);  
D: treatment with SRS  
(n=33: 16 received no Ipi and 17 received Ipi);  
E: treatment with WBRT  
(n=37: 21 received no Ipi and 16 received Ipi)

Ipi 3 mg /kg every 3 weeks for 4 doses;  
WBRT: 30–37.5 Gy in 10–13 fractions;  
SRS: 14–24 Gy in 1–5 fractions

A: 8.1 months;  
B: 18. 4 months;  
A + B: 18.3 months;  
C: 5.3 months  
(P=0.002)

A: 40%;  
B: 17%;  
C: 9%

A + B vs. C: 0.31 (P=0.009);  
D vs. E: 0.45 (P=0.008)

NR

Gerber et al. [2014] (N=13) (35) A: Ipi and WBRT within 30 days of one another (n=13);  
B: external study comparison of Ipi alone

Ipi 3 or 10 mg/kg;  
total MD: 3,000 [2,700–3,750] Gy given in median fractions of 
10 [9–15] 

A: 4 months A: 78%;  
B: 25%

NR NR

Mathew et al. [2013] (N=58) (36) A: Ipi before RT (n=4);  
B: Ipi concurrently with RT (n=7);  
C: Ipi after RT (n=10);  
D: RT only (n=33)

Ipi 3 mg/kg every 3 weeks for 4 doses;  
50% IDL: 20 [15–20] Gy. Single fraction SRS

6 months:  
A + B + C: 56% D: 45% (P=0.18)

A + B + C: 63%;  
D: 65%;  
(P=0.55)

NR No difference in incidence of new brain metastasis among all three groups (P>0.05);  
6 months freedom from new brain metastasis: A + B + C: 35%;  
D: 47% (P=0.48)

Kwon et al. [2014] (N=799)† (37) A: RT and Ipi (n=399);  
B: RT only (n=400)

Ipi10 mg/kg;  
single dose of RT of 8 Gy for at least one, and up to five, bone 
fields

A: 11.2 months (95% CI, 9.5- 12.7) 
B: 10.0 months (95% CI, 8.3-11.0)

NR 0 5 month: 1·46 (95% CI, 1.10–1.95);  
5–12 months: 0.65 (95% CI, 0.50–0.85);  
>12 months: 0.60 (95% CI, 0.43–0.86)

Progression free survival— 
A: 4.0 months (95% CI, 3.6–4.3);  
B: 3.1 months (95% CI, 2.9–3.4)  
(P<0.0001)

Knisely et al. [2012] (N=77) (38) A: Ipi before SRS (n=11);  
B: Ipi after SRS (n=16)

NR A: 19.8 months  
(95% CI, 1.5 months– not yet reached upper limit) 
B: 21.3 months  
(95% CI, 15.7 months– not yet reached upper limit)

NR A vs. B: 0.61  
(95% CI, 0.33–1.10, P=0.102)

NR

Tazi et al. [2014] (N=31) (39) A: positive brain metastasis (received SRS and Ipi) (n=10);  
B: negative brain metastasis (received SRS and Ipi) (n=21)

NR A:29.3 (95% CI, 19.1-NA)  
B: 33.1 (95% CI, 20.5-N)

NR NR 3-year survival rate— 
A: 50% (95% CI, 27–93%);  
B: 39% (95% CI, 19–81%)

Kiess et al. [2015] (N=46) (40) A: Ipi concurrent with SRS (n=15);  
B: SRS before Ipi (n=19);  
C: Ipi after SRS (n=12)

Ipi 3 or 10 mg/kg;  
80% IDL: 21 [15–24] Gy. Single fraction SRS

1 year:  
A: 65% 
B: 56% 
C: 40%  
(P=0.008)

NR NR NR

Qin et al. [2016] (N=88) (41) A: Ipi before RT (n=24);  
B: RT before Ipi (n=20);  
C: ablative doses of RT (n=23);  
D: fractionated doses of RT (n=21)

Ablative: 16 Gy/fraction, 1 fraction;  
non-ablative: 3 Gy/fraction. 11 fractions

C: 19.6 months  
(95% CI, 14.0-38.1) 
D: 10.2 months  
(95% CI, 6.7 months to non-estimable)

A: 74.7%;  
B: 44.8%  
(P=0.01) 

NR NR

Patel et al. [2017] (N=54) (42) A: Ipi within 14 days of SRS (n=7);  
B: Ipi 14 days after SRS (n=13);  
C: SRS only (n=34);  
D: Ipi and SRS (n=20)

Ipi 3 mg/kg;  
lesions up to 20 mm in diameter: 21 Gy;  
21 to 30 mm in diameter: 18 Gy;  
31 to 40 mm in diameter: 15 Gy;  
>40 mm in diameter: fractionated RT over 3 to 5 fractions

1 year/2 year:  
A: 42.9%/42.9% 
B: 33.8%/16.9% 
(P=0.64)

C: 92.3%;  
D: 71.4%  
(P=0.40)

NR NR

Tang et al. [2017] (N=35)‡ (43) A: RT to liver (n=15);  
B: RT to lung (n=14)

Ipi 3 mg/kg every 3 weeks for 4 doses;  
50 Gy in 4 fractions or 60 Gy in 10 fractions 

NR NR NR Proportions of CD8+ cells (those who had increased CD8+ cells had increased clini-
cal benefit) expressing: ICOS—A: 25%, B: 15%;  
GITR—A: 6.5%, B: 1.6%;  
LAG3—A: 3.3%, B: 1.1%.  
All P<0.05 

Gaudy-Marqueste et al. [2017] 
(N=179) (44)

A: GK and ICPI (n=76);  
B: GK only (n=29);  
C: BRAF mutated (n=105);  
D: BRAF wild type (n=68)

– A:  
1 BM 14.46 months 
2-3 BM: 8.85 months 
>3 BM: 7.25 months 
B:  
1 BM: 3.57 months 
2-3 BM: 3.1 months  
> 3 BM: 1.63 months 

NR A vs. B: 0.54 (P<0.001).  
Comparing ICPI + RT vs. ICPI for:  
cohort C: 0.18 (P=0.001);  
cohort D: 0.19 (P=0.023)

NR

Liniker et al. [2016] (N=53) (45) A: concurrent ICPI and SRS (n=16);  
B: sequential ICPI and SRS (n=11)

Pem 2 mg/kg 3 doses weekly or  
Niv 3 mg/kg 2 doses weekly;  
WBRT MD: 30 Gy in 10 fractions

A: 6.4 months 
B: 8.6 months 
(P=0.77)

A: 44%;  
B: 64%  
(P=0.45)

NR NR

Ahmed et al. [2015] (N=26) (46) A: unresected disease ± multipeptide vaccine (n=19);  
B: resected disease + multipeptide vaccine (n=7)

Niv 3 mg/kg;  
SRS MD: 21 Gy (n=26) and 24 Gy (n=25)

6 months /12months: 
A: 78%/55% B: 100%/100% 
(P=0.01) 

LC A and B— 
6 months: 91%;  
12 months: 85%

NR Rates of distant BM control in both A and B— 
6 months: 66%;  
12 months: 53%

Qian et al. [2016] (N=75) (47) A: SRS and ICPI concurrently (n=33);  
B: SRS and ICPI not concurrently (n=22);  
C: SRS + anti-CTLA-4 (n=54);  
D: SRS + anti-PD-1 (n=21)

Ipi at either 3 or 10 mg/kg;  
Pem at either 2 or 10 mg/kg every 2 or 3 weeks;  
Niv 3 mg/kg every 2 or 3 weeks;  
MD: 20 (range, 12–24) Gy

Only anti-CTLA-4:  
A: 19.1 months B: 8.0 months  
(P=0.86) 
Both anti-CTLA-4 and anti-PD-1:  
A: 19.1 months B: 9.0 months  
(P=0.07) 

NR NR MPR at 1.5 months—A: 63.1%, B: 43.2%, P<0.0001;  
at 3 months—A: 83%, B: 52.8%, P<0.0001;  
at 6 months—A: 94.9%, B: 66.2%, P<0.0001;  
MPR at 1.5 months—C: 39.4%, D: 67.4%, P<0.0001; at 3 months—C: 48.4%, D: 
75.4%, P=0.008;  
at 6 months—C: 71.3%, D: 88.6%, P=0.0154

Aboudaram et al. [2017] (N=59) (48) A: RT concurrently with anti-PD-1 (n=17);  
B: anti-PD-1 alone (n=42)

Pem 2 mg/kg every 3 weeks or Niv 3 mg/kg every 2 weeks;  
MD: 30 (24–45) Gy delivered in 10 fractions  
(3–15 fractions)

6 months:  
A: 76.4%  
B: 58.8%  
(P=0.42)

A: 64.7% 
B: 33.3% 
(P=0.02)

NR 6-month PFS—A: 64.7% (95% CI, 37.7–82.3);  
B: 49.7% (95% CI, 33.5–64) (P=0.32)

Ribeiro et al. [2016] (N=16)§ (49) Niv 3 mg/kg every 2 weeks or Pem 2 mg/kg every 3 weeks;  
MD: 24 [1–40] Gy in 3 fractions (1–10 fractions)

MS: 7.4 months NR NR No abscopal effect noted among patients with NSCLC or renal cancer, but 25% of 
patients with melanoma showed regression of nonirradiated lesions

Chandra et al. [2015] (N=47) (50) A: ICPI + RT (n=47);  
B: ICPI only (n=47);  
C: ≤3 Gy: 81% (n=36);  
D: hypofractionated (>3 Gy) (n=11)

Ipi 10 or 3 mg/kg for total of 4 cycles;  
MD: 26 [8–68] Gy with median fraction size of 4 (1.8–25) Gy

A: 25% B: 11% (P=0.03) 
C: 81% D: 52% (P=0.01) 

NR A vs. B: 0.6 (P=0.08) NR

Koller et al. [2017] (N=101) (51) A: Ipi and RT (n=70);  
B: Ipi only (n=31)

Ipi 3 mg/kg for 4 cycles;  
conventional external beam radiation for  
palliation and SRS with fraction sizes ≥10 Gy

A: 19 months 
B: 10 months 
(P=0.01)

A: 37.1%;  
B: 19.4%  
(P=0.11)

NR Survival at 6 months—A: 80%, B: 70%;  
survival at 12 months—A: 72%, B: 35%;  
PFS—A: 5 months;  
B: 3 months (P=0.20)

The most common tumor examined among the studies was melanoma with brain metastasis. Studies that examined other tumor histologies are identified below. †, metastatic castration-resistant prostate cancer; ‡, NSCLC, colorectal carcinoma, sarcoma, renal cell carcinoma; §, metastatic melanoma, metastatic NSCLC, metastatic renal cell carcinoma. RT, radiothera-
py; SRS, stereotactic radiosurgery; WBRT, whole brain radiation therapy; GK, Gamma Knife; Ipi, Ipilimumab; Pem, Pembrolizumab; Niv, Niovlumab; IDL, isodose line; MD, median dose; BM, brain metastasis; MS, median survival; LC, local control; RR, response rate; MPR, median percent reduction; PFS, progression free survival; NSCLC, non-small cell lung cancer.


