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Continuing Medical Education

After completing this activity, the par-
ticipant should be better able to:
• Explain the immunomodulatory changes 
brought on by radiation therapy to a tumor 
microenvironment

• Differentiate between the immune-stimu-
latory and immune-suppressive properties 
of tumor irradiation

• Define the abscopal effect of radiation 
therapy and in what settings it is observed 
most commonly

• Describe the available clinical evidence in 
support of combining immunotherapy and 
radiation therapy. 

Introduction

Radiation therapy (RT) is a clas-
sic treatment modality that achieves 
local control of various solid tumors by 
targeting a defined field of interest or 
disease. Hence, it is generally ineffec-
tive in controlling widespread disease 
and has previously had little purpose in 
this setting beyond palliation. Immuno-
therapy is an effective systemic treatment 
for metastatic cancer even though a large 
proportion of patients do not respond 
because of the immune-evasive and sup-
pressive properties of cancer.1 However, 
accumulating evidence suggests that these 
two treatment modalities in combination 
may complement each other’s therapeutic 
impact and offer greater clinical efficacy. 
The combination of immunotherapy 
(IMT) and RT takes advantage of the 
demonstrated immunogenic properties 

of RT.2,3 Because RT is targeted directly to 
the tumor, it does not inherently immu-
nocompromise the host. By not surgically 
removing the tumor, the body retains an 
antigen depot of dying tumor cells to act 
as an in situ tumor vaccine. However, the 
rational combination of IMT and RT in 
the clinic is still in its early stages, and its 
use depends on further understanding 
of the underlying mechanisms and early 
immunogenic effects that RT has on the 
tumor microenvironment.

Radiation-induced immuno-
modulatory changes in the tumor 
microenvironment

The activation of immune cells during 
cancer therapy irradiation is increasingly 
being recognized.4 Leukocytes themselves 
are highly radiation-sensitive and likely 
die from apoptosis in the irradiated field. 
Instead, the immune-activating effects 
of radiation appear to result from tumor 
antigens released following tumor cell 
death, which are then relayed to antigen-
presenting cells (APCs) and propagated 

Exploiting the immunomodulatory  
properties of radiation therapy

to activate the immune system. RT also 
appears to induce changes in the tumor 
microenvironment that lead to the recruit-
ment of radiation-naive immune cells from 
areas outside the radiation field, resulting in 
an increase in immune cell infiltration and 
the targeting and killing of tumor cells.5 

In a recent study at UT Southwestern, 
we identified neutrophils as one of the key 
players in mediating early inflammatory 
changes caused by radiation therapy in the 
tumor microenvironment.6 In this study 
we showed that after radiation there is a 
rapid infiltration of neutrophils as the first 
inflammatory mediator. We further showed 
that this is a key step because when it is 
prevented, anti-tumor efficacy and the radi-
ation-caused immune response significantly 
decrease. We also explored the possibility 
of increasing neutrophil infiltration using 
G-CSF (granulocyte-colony stimulating 
factor) – a well-known drug currently in 
clinical use to increase neutrophil produc-
tion – which successfully increased the 
anti-tumor immune response and thereby 
the therapeutic efficacy of radiation therapy.

Because RT causes local inflammation 
with the infiltration of neutrophils, den-
dritic cells (DCs) are also attracted into the 
tumor.6,7 In vivo studies have shown that 
radiation induces the release of damage 
(or danger)-associated molecular pat-
terns (DAMPs) such as HMGB1, HSP, and 
calreticulin into the extracellular matrix, 
thereby promoting the recruitment and 
activation of APCs such as DCs.8-11 The 
DCs transport tumor antigens to regional 
lymph nodes where an adaptive anti-tumor 
immune response is initiated. The products Figure 1: Proposed mechanism of radiation-

induced abscopal effect. 
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of this response (T cells and antibodies) 
travel back to the primary and meta-
static tumor sites to eliminate tumor cells 
(Figure 1).12-13 Furthermore, RT causes 
dose-dependent increases in MHC class I 
tumor neo-antigen presentation by tumor 
cells,14 which exposes the tumor’s ploy 
to evade the immune system.15 This, in 
conjunction with a demonstrated increase 
in FAS death receptors on the tumor cell 
surface in response to radiation, renders 
tumor cells particularly susceptible to the 
cytotoxic activity of CD8+ T cells.16,17

The abscopal effect as evidence 
of radiation-induced anti-tumor 
immune response

Tumor regression outside of the 
irradiation field following localized 
treatment is called the abscopal effect, 
first described by Robin H. Mole in the 
1950s.18 Until recently, the abscopal effect 
was poorly understood and regarded 
as an uncommon phenomenon. But a 
2004 preclinical study (Demaria et al.) 
demonstrated that the abscopal effect 
was mediated by immune cells when 
RT inhibited distant, untreated dis-
ease in control mice while this effect 
was absent in immune-deficient nude 
mice.19 Likewise, the abscopal effect was 
eliminated when RT in combination with 
Flt3-ligand was administered to immu-
nocompromised mice as compared to 
immunocompetent mice, suggesting that 
the abscopal effect is immune-mediated. 
19 In the clinic, the abscopal effect has 
been documented by multiple case 
reports in which RT to one tumor site 
resulted in a systemic complete response 
of tumor regression at metastatic sites.20-23 

Immune-suppressive properties 
of radiation therapy

With all these immune-stimulating 
properties of radiation therapy, one has 
to wonder why the abscopal effect is not 
seen more frequently. In fact, the absco-
pal effect is so rare that it is difficult to 
see it outside of case reports. This is 
due to the simultaneous immunosup-
pressive properties of radiation therapy. 
While RT increases CD8+ T cells and 
DCs in the tumor microenvironment, 

fractionated RT can subsequently 
eradicate these cells, leading to tol-
erance. This is likely the reason the 
abscopal effect is seen more frequently 
in the hypofractionated or stereotactic 
radiation (SAbR) dose-fractionation 
settings. Tumor irradiation upregulates 
active transforming growth factor beta 
(TGF-β), which in turn can increase 
regulatory T cells (T-regs) and inhibit 
effector T cells.24-25 Because T-regs are 
relatively more radioresistant, their pro-
portional increase has been documented 
after tumor RT.26-28 Increases in bone 
marrow-derived myeloid cells (MDSC) 
and immunosuppressive polarization 
of macrophages contribute to tumor 
proliferation and recurrence after irra-
diation.29-32 Radiation therapy has also 
been shown to increase the expression 
of programmed death ligand 1 (PD-L1) 
protein on the tumors and monocytes/
lymphocytes, which leads to deactiva-
tion of cytotoxic T lymphocytes (CTLs) 
– the so-called “exhausted” CTLs. 33-35 
Together, these help the tumor escape 
an immune response. 

Radiation and immunotherapy 
synergy

While it is clear that the immune sys-
tem plays an active role in the irradiated 
tumor microenvironment, the activa-
tion of a systemic immune response by 
RT alone usually cannot overcome the 
threshold of immune-suppression in 
the tumor microenvironment except 
in a limited number of instances.36-40 

Therefore, a strategy that counters 
the immunosuppressive properties of 
radiation therapy and simultaneously 
augments its inflammatory properties 
will see the abscopal effect routinely and 
reproducibly in the clinic. 

In recent years, preclinical studies that 
combine RT with immunotherapy37-41  
have been able to reliably reproduce 
distant tumor regression outside of the 
irradiation field using syngeneic mouse 
models of cancer, thereby validating the 
combination of RT with immunomodu-
latory as a promising strategy. In our 
own syngeneic prostate tumor model, 
we demonstrated that RT and a Listeria-

PSA vaccine synergize to reduce tumor 
volume and to generate  tumor-specific 
CD8+ T cells.42

Clinical evidence for the combined 
use of RT and IMT is also emerging. In a 
retrospective analysis of 62 patients with 
stage II-IV breast cancer treated with pre-
operative (pre-mastectomy) RT, Konoeda 
et al. reported an abscopal effect in meta-
static lymph nodes in 15 out of 42 cases 
(35.7 percent) by palpation.20 Biopsy of 
the lymph nodes revealed a histopatho-
logical abscopal effect in 22 out of the 42 
cases (52.4 percent). Notably, the patients 
who experienced the abscopal effect had 
CD8 and CD4-positive infiltrating lym-
phocytes around the degenerated cancer 
cells in the irradiated primary tumor 
nests. These results show that localized 
irradiation results in the generation of 
antitumor immune effector cells and 
their trafficking to the tumor site.

Wersall et al. reported that non-
irradiated lesions in four of 28 patients 
(14 percent) with primary renal cell 
carcinoma (RCC) regressed following 
stereotactic treatment with 96 Gy (12 x 8 
Gy).23 Of the four patients with absco-
pal response, three patients received 
nephrectomy and none were noted 
as having undergone chemotherapy. 
Notably, one patient after nephrectomy 
received systemic interleukin-2, whose 
function is to enhance CTLs. Another 
recent prospective study reported an 
abscopal effect in patients with various 
metastatic solid tumors (44 percent non-
small cell lung cancer and 34 percent 
breast cancer) following chemo-radiation 
therapy combined with immunotherapy 
using a cytokine granulocyte-mac-
rophage colony-stimulating factor 
(GM-CSF) to stimulate dendritic cell 
maturation.45 Patients enrolled in this 
study were treated with a total dose of 
35 Gy in 10 fractions, and an abscopal 
response occurred in 11 of 41 accrued 
patients (27 percent). Similarly, a recent 
retrospective analysis of 21 melanoma 
patients who received palliative RT 
after they progressed from receiving the 
anti-CTLA4 antibody ipilimumab found 
52 percent of patients experienced 
an abscopal response.46 Importantly, 
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median survival of patients with an 
abscopal response was increased to 22 
months compared to nonresponders at 8.3 
months. Furthermore, the abscopal effect 
was primarily observed in patients who 
experienced a local response, suggesting an 
effective local response correlates with an 
abscopal response. Taken together, these 
studies suggest that the combination of RT 
with immunotherapy could improve both 
abscopal response rates and survival.

A recent review of the abscopal effect 
in medical literature included 23 case 
reports and 13 preclinical studies.47 Studies 
with concurrent cytotoxic treatment were 
excluded from analysis, but 11 of the 13 pre-
clinical studies used immune-modulating 
treatment to achieve the abscopal effect. 
The median time to induce an abscopal 
response was five months, and a median 
progression-free period of 13 months fol-
lowed the abscopal response. Collectively, 
these studies suggest combining RT with 
immunotherapy agents may increase the 
likelihood of inducing an abscopal effect.

The role of SAbR

Stereotactic ablative body radiation 
(SAbR) is an emerging treatment paradigm 
defined as a method to deliver a high dose 
of radiation to a target within the body, 
utilizing either a single dose or a small 
number of fractions with a high degree 
of precision.48 SAbR is utilized against a 
broad spectrum of tumor types in a variety 
of body sites due to its excellent safety and 
efficacy.49-51 In fact, the vast majority of 
preclinical and clinical data on the absco-
pal effect of RT described in this article 
come from dose fractionations used in 
SAbR.2,3,7 Because SAbR is a highly focused 
therapy, the host immune system is not 
compromised. In addition, as opposed to 
conventional radiation fields, SAbR spares 
surrounding lymph nodes vital for the 
induction of an effective immune response. 
The antigen-presenting properties and 
induction of immunogenic cell death at 
SAbR dose levels are well documented.8 
In addition to the elimination of bulky 
primary disease sites producing immune-
suppressive factors, SAbR is expected to 
initiate immunogenic tumor cell death and 

tumor-antigen presentation. These pro-
cesses act as an in-situ tumor vaccination, 
channeling the non-specific stimulation 
(i.e., interleukin-2) or inhibition (i.e., anti-
PD 1/L1) of IMT. 

For physicians and their patients, the 
promise of SAbR combined with immu-
notherapy could eventually result in a 
significant shift in the treatment of meta-
static cancer. Currently, this combination 
treatment is primarily available to patients 
through clinical trials at academic research 
institutions. At UT Southwestern, multiple 
clinical trials are ongoing to evaluate this 
combination in different tumor settings, 
including metastatic, castrate-resistant 
prostate cancer (with Sipuleucel-T), and 
metastatic renal cell cancer (with interleu-
kin-2 and also with nivolumab).

Through translational studies and careful 
design of clinical trials we hope to uncover 
the true immunogenic potential of SAbR 
and make immunotherapy + SAbR a 
successful strategy that reliably brings the 
abscopal effect to routine clinical practice.

Raquibul Hannan, M.D., Ph.D., is  
Assistant Professor of Radiation Oncology.

References:

1.Vinay, D.S., et al., Immune evasion in 
cancer: Mechanistic basis and therapeutic 
strategies. Semin Cancer Biol, 2015.
2. Finkelstein, S.E., et al., The confluence 
of stereotactic ablative radiotherapy and 
tumor immunology. Clin Dev Immunol, 
2011. 2011: p. 439752.
3. Corso, C.D., A.N. Ali, and R. Diaz, 
Radiation-induced tumor neoantigens: 
imaging and therapeutic implications. 
Am J Cancer Res, 2011. 1(3): p. 390-412.
4. Kulzer, L., et al., Norm- and hypo-
fractionated radiotherapy is capable of 
activating human dendritic cells. J Immu-
notoxicol, 2014. 11(4): p. 328-36.
5. Cao, X., Regulatory T cells and immune 
tolerance to tumors. Immunol Res, 2010. 
46(1-3): p. 79-93.
6. Takeshima, T., et al., Key role for 
neutrophils in radiation-induced antitu-
mor immune responses: Potentiation with 
G-CSF. Proc Natl Acad Sci U S A, 2016. 
113(40): p. 11300-11305.

7. Ishihara, D., et al., Rationale and 
evidence to combine radiation therapy 
and immunotherapy for cancer treatment. 
Cancer Immunol Immunother, 2016.
8. Apetoh, L., et al., Toll-like receptor 
4-dependent contribution of the immune 
system to anticancer chemotherapy and 
radiotherapy. Nat Med, 2007. 13(9):  
p. 1050-9.
9. Schmid, T.E. and G. Multhoff, Radia-
tion-induced stress proteins – the role of 
heat shock proteins (HSP) in anti-tumor 
responses. Curr Med Chem, 2012. 19(12): 
p. 1765-70.
10. Obeid, M., et al., Calreticulin exposure 
dictates the immunogenicity of cancer cell 
death. Nat Med, 2007. 13(1): p. 54-61.
11. Tesniere, A., et al., Molecular charac-
teristics of immunogenic cancer cell death. 
Cell Death Differ, 2008. 15(1): p. 3-12.
12. Lugade, A.A., et al., Local radiation 
therapy of B16 melanoma tumors increases 
the generation of tumor antigen-specific 
effector cells that traffic to the tumor. J 
Immunol, 2005. 174(12): p. 7516-23.
13. Takeshima, T., et al., Local radiation 
therapy inhibits tumor growth through 
the generation of tumor-specific CTL: its 
potentiation by combination with Th1 cell 
therapy. Cancer Res, 2010. 70(7):  
p. 2697-706.
14. Reits, E.A., et al., Radiation modulates 
the peptide repertoire, enhances MHC 
class I expression, and induces successful 
antitumor immunotherapy. J Exp Med, 
2006. 203(16636135): p. 1259-1271.
15. Svane, I.M., et al., Interferon-gamma-
induced MHC class I expression and 
defects in Jak/Stat signalling in methyl-
cholanthrene-induced sarcomas. Scand J 
Immunol, 1997. 46(4): p. 379-87.
16. Ogawa, Y., et al., Expression of fas 
(CD95/APO-1) antigen induced by radia-
tion therapy for diffuse B-cell lymphoma: 
immunohistochemical study. Clin Cancer 
Res, 1997. 3(12 Pt 1): p. 2211-6.
17. Sheard, M.A., et al., Up-regulation of 
Fas (CD95) in human p53wild-type can-
cer cells treated with ionizing radiation. 
Int J Cancer, 1997. 73(5): p. 757-62.
18. Mole, R.H., Whole body irradiation; 
radiobiology or medicine? Br J Radiol., 
1953. 26(305): p. 234-41.



  W I N T E R  2 017  The Target 11

19. Demaria, S., et al., Ionizing radiation 
inhibition of distant untreated tumors 
(abscopal effect) is immune mediated. Int 
J Radiat Oncol Biol Phys, 2004. 58(3): p. 
862-70.
20. Konoeda, K., [Therapeutic efficacy of 
preoperative radiotherapy on breast carci-
noma: in special reference to its abscopal 
effect on metastatic lymph-nodes]. Nihon 
Gan Chiryo Gakkai Shi, 1990. 25(6): p. 
1204-14.
21. Ohba, K., et al., Abscopal regression 
of hepatocellular carcinoma after radio-
therapy for bone metastasis. Gut, 1998. 
43(4): p. 575-7.
22. Postow, M.A., et al., Immunologic 
correlates of the abscopal effect in a patient 
with melanoma. N Engl J Med, 2012. 
366(10): p. 925-31.
23.Wersall, P.J., et al., Regression of non-
irradiated metastases after extracranial 
stereotactic radiotherapy in metastatic 
renal cell carcinoma. Acta Oncol, 2006. 
45(4): p. 493-7.
24. Barcellos-Hoff, M.H., et al., Trans-
forming growth factor-beta activation in 
irradiated murine mammary gland. J Clin 
Invest, 1994. 93(2): p. 892-9.
25. Derynck, R., R.J. Akhurst, and A. 
Balmain, TGF-beta signaling in tumor 
suppression and cancer progression. Nat 
Genet, 2001. 29(2): p. 117-29.
26. Kachikwu, E.L., et al., Radiation 
enhances regulatory T cell representation. 
Int J Radiat Oncol Biol Phys, 2011. 81(4): 
p. 1128-35.
27. Qu, Y., et al., Gamma-ray resistance of 
regulatory CD4+CD25+Foxp3+ T cells in 
mice. Radiat Res, 2010. 173(2): p. 148-57.
28. Schaue, D., et al., Regulatory T cells in 
radiotherapeutic responses. Front Oncol, 
2012. 2: p. 90.
29. Chiang, C.S., et al., Irradiation pro-
motes an m2 macrophage phenotype in 
tumor hypoxia. Front Oncol, 2012. 2: p. 89.
30. Kioi, M., et al., Inhibition of vasculo-
genesis, but not angiogenesis, prevents the 
recurrence of glioblastoma after irradia-
tion in mice. J Clin Invest, 2010. 120(3):  
p. 694-705.
31. Kozin, S.V., et al., Recruitment of 
myeloid but not endothelial precursor 
cells facilitates tumor regrowth after local 

irradiation. Cancer Res, 2010. 70(14):  
p. 5679-85.
32. Tsai, C.S., et al., Macrophages from 
irradiated tumors express higher levels 
of iNOS, arginase-I and COX-2, and 
promote tumor growth. Int J Radiat Oncol 
Biol Phys, 2007. 68(2): p. 499-507.
33. Dovedi, S.J., et al., Acquired resis-
tance to fractionated radiotherapy can be 
overcome by concurrent PD-L1 blockade. 
Cancer Res, 2014. 74(19): p. 5458-68.
34. Park, S.S., et al., PD-1 restrains radio-
therapy-induced abscopal effect. Cancer 
Immunol Res, 2015. 3(6): p. 610-9.
35. Deng, L., et al., Irradiation and anti-
PD-L1 treatment synergistically promote 
antitumor immunity in mice. J Clin Invest, 
2014. 124(2): p. 687-95.
36. Okuma, K., et al., Abscopal effect of 
radiation on lung metastases of hepatocel-
lular carcinoma: a case report. J Med Case 
Rep, 2011. 5: p. 111.
37. Demaria, S., et al., Immune-mediated 
inhibition of metastases after treatment 
with local radiation and CTLA-4 blockade 
in a mouse model of breast cancer. Clin 
Cancer Res, 2005. 11(2 Pt 1): p. 728-34.
38. Hodge, J.W., H.J. Sharp, and S.R. 
Gameiro, Abscopal regression of antigen 
disparate tumors by antigen cascade after 
systemic tumor vaccination in combination 
with local tumor radiation. Cancer Biother 
Radiopharm, 2012. 27(1): p. 12-22.
39. Dewan, M.Z., et al., Fractionated but 
not single-dose radiotherapy induces an 
immune-mediated abscopal effect when 
combined with anti-CTLA-4 antibody. 
Clin Cancer Res, 2009. 15(17): p. 5379-88.
40. Yasuda, K., et al., Intratumoral injec-
tion of interleukin-2 augments the local 
and abscopal effects of radiotherapy in 
murine rectal cancer. Cancer Sci, 2011. 
102(7): p. 1257-63.
41. Chakravarty, P.K., et al., Flt3L therapy 
following localized tumor irradiation 
generates long-term protective immune 
response in metastatic lung cancer: its 
implication in designing a vaccination 
strategy. Oncology, 2006. 70(4): p. 245-54.
42. Hannan, R., et al., Combined 
immunotherapy with Listeria monocyto-
genes-based PSA vaccine and radiation 
therapy leads to a therapeutic response in 

a murine model of prostate cancer. Cancer 
Immunol Immunother, 2012.
43. Hodge, J.W., et al., Synergizing 
radiation therapy and immunotherapy for 
curing incurable cancers. Opportunities 
and challenges. Oncology (Williston Park), 
2008. 22(9): p. 1064-70; discussion 1075, 
1080-1, 1084.
44. Ruocco, M.G., et al., Suppressing T cell 
motility induced by anti-CTLA-4 mono-
therapy improves antitumor effects. J Clin 
Invest, 2012. 122(10): p. 3718-30.
45. Golden, E.B., et al., Local radiotherapy 
and granulocyte-macrophage colony-
stimulating factor to generate abscopal 
responses in patients with metastatic solid 
tumours: a proof-of-principle trial. Lancet 
Oncol, 2015. 16(7): p. 795-803.
46. Grimaldi, A.M., et al., Abscopal effects 
of radiotherapy on advanced melanoma 
patients who progressed after ipilimumab 
immunotherapy. Oncoimmunology, 2014. 
3: p. e28780.
47. Reynders, K., et al., The abscopal 
effect of local radiotherapy: using immu-
notherapy to make a rare event clinically 
relevant. Cancer Treat Rev, 2015. 41(6): p. 
503-510.
48. Potters, L., et al., American Society 
for Therapeutic Radiology and Oncol-
ogy (ASTRO) and American College of 
Radiology (ACR) practice guideline for the 
performance of stereotactic body radia-
tion therapy. Int J Radiat Oncol Biol Phys, 
2010. 76(2): p. 326-32.
49.Kavanagh, B.D., R.C. McGarry, and 
R.D. Timmerman, Extracranial radiosur-
gery (stereotactic body radiation therapy) 
for oligometastases. Semin Radiat Oncol, 
2006. 16(2): p. 77-84.
50. Milano, M.T., et al., Oligometastases 
treated with stereotactic body radiother-
apy: long-term follow-up of prospective 
study. Int J Radiat Oncol Biol Phys, 2012. 
83(3): p. 878-86.
51. Salama, J.K., et al., Stereotactic body 
radiotherapy for multisite extracranial 
oligometastases: Final report of a dose 
escalation trial in patients with 1 to 5 
sites of metastatic disease. Cancer, 2012. 
118(11): p. 2962-70. 


