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Abstract

Abscopal effect is defined as a phenomenon where 
radiation delivery at one site induces shrinkage of disease 
at a distant site, outside the radiation field. Although it 
is an old concept but with recent advancements in the 
fields of diagnostic and therapeutic oncology, this effect 
has gained popularity and nowadays has become an area 
of interest for the researchers.
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With the current success of immunotherapy, there 
is robust and interesting data looming to evaluate 
potential synergistic effect of radiation coupled with 
immunotherapy to attain abscopal effect. Our article 
highlights background, mechanism and a brief literature 
review for abscopal response in conjunction with 
immunotherapy.
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Introduction
Radiation therapy (RT) is a highly effective and widely 

used anticancer modality. It is used as a radical treatment 
option in certain localized tumors.(1) The use of radiation 
before or after definitive surgery to achieve better local 
tumor control is also well explored.(2) It is a local therapy 
that induces lethal chromosomal aberrations resulting 
in cell cycle arrest and subsequent cell death. It sounds 
unrealistic that RT being a local modality, can produce any 
effect distant to the region of interest but this phenomenon 
was reported about 70 years back. The term “Abscopal 
effect” was first used by Mole in 1953 while it’s formal 
definition was further explained by Andrew in 1973, which 
stated it as “local irradiation of one tissue involved in a 
response, in another or similar tissue remote from the 
irradiated site.”(3) 

Abscopal is a Latin word derived from “ab” which 
means “position away from” and “Scopus” meaning 
“target for shooting at”. Abscopal effect became an 
elapsed phenomenon in the last three decades of the 20th 
century due to a lack of understanding and technological 
advancements. But over time it gained acceptance in 
the first decade of the 21st century where radiobiologist 
recognized cellular & subcellular structures, its associated 
pathways and mechanisms, as shown in the timeline of 
published papers. (Figure 1)

The term “radiation-induced bystander effect” was 
earlier coined by Parsons as far back as in 1954, elaborating 

it as a process that causes damage to chromosomal 
structures, triggering the release of clastogenic factors 
that can be detected in the blood of irradiated patients.
(4) Rong et al. explained three interchangeable terms used 
for this effect in the past including bystander, cohort 
and abscopal effects, though all three differ. Bystander 
effect is described as radiation-induced changes in the 
nearby un-irradiated cells due to signals from the dying 
irradiated neighboring cells. The cohort effect is slightly 
different from the bystander effect where the same 
effect is observed in the non-targeted cells lying in the 
irradiated volume. While the abscopal effect is observed 
in the cells residing at a distant location.(5) (Figure 2)

From Hypothesis to known Mechanism:
It was a mystery in the past and multiple theories related 

to immune, hormonal, psychological and epigenetics 
were presented to explain its mechanism. In an annotated 
biography of spontaneous remissions published in 1993, 
among several hundred cases reported, the five most 
common types to undergo spontaneous regression after 
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high dose RT were renal cell carcinoma (RCC), lymphoma 
and leukemia, neuroblastoma, breast carcinoma, and 
melanoma.(6) Ehrlich was the first one to describe the role 
of radiation in inducing local inflammatory effects and 
activating the immune system explaining distant tumor 
regression.(7). RT being a local modality, cause breakages 
in DNA strands by focusing on tumor cells in the defined 
target volume. Radiation-induced killing leads to the 
release of tumor antigens in circulation, which are engulfed 
by antigen-presenting cells (APCs) and are presented to T 
cells leading to priming and activation of T cell-mediated 
immune response (Figure 3).(8) Furthermore, irradiated 
tumor cells also release cytokines that boost transport of 
cytotoxic T cells to the remotely located disease. These 
cytokines include damage-associated molecular patterns 
(DAMPs), high-mobility group box 1 protein (HMGB1), and 
adenosine triphosphate (ATP). In short, activation of the T 
cell is a key player for abscopal phenomena.(9, 10) Some 
recently reported abscopal cases are mentioned below in 
Table 1.

Evolving Role of Immunotherapy:
Recently immunotherapy has been attracting 

increasing attention with the development of novel drugs. 
Ipilimumab is a recombinant human immunoglobulin (Ig) 
G1 monoclonal antibody that acts by binding to cytotoxic 
T-lymphocyte-associated antigen 4 (CTLA-4), which 
is expressed on the surface of activated CD4 and CD8 

Figure 1. Timeline of published literature recognizing cellular & subcellular structures, its associated pathways and mechanisms to 
develop understanding of abscopal effect along with its radiobiological aspects.

Abbreviations: LET: Linear Energy Transfer, RIBE: Radiation Induced Biological Effects

Figure 2. This figure represents the interchanged terms used 
in the past for abscopal effect. Target area is where therapeutic 
dose is delivered. In Cohort effect, radiation-induced changes 
are observed in the non-targeted cells lying in the irradiated 
volume while in bystander effect the same effect is observed 
in un-irradiated cells due to signals from the dying irradiated 
neighboring cells. While the abscopal effect is observed in non-
irradiated cells that are at a distant location rather than in close 
proximity to the target regions.
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T lymphocytes, resulting in inhibition of the interaction 
between CTLA-4 and its target ligands CD80/CD86. 
Blockade of CTLA-4 enhances T-cell immune responses, 
including T-cell activation and proliferation.(11)

Similarly, nivolumab is a fully human IgG4 monoclonal 
antibody that selectively inhibits programmed cell death-1 
(PD-1) activity by binding to the PD-1 receptor to block 
the ligands PD-L1 and PD-L2 from binding. The negative 
PD-1 receptor signaling that regulates T-cell activation 
and proliferation is therefore disrupted. This releases 
PD-1 pathway-mediated inhibition of the immune 
response, including the antitumor immune response.(12) 
Another drug, Pembrolizumab, a highly selective anti-
PD-1 humanized monoclonal antibody, inhibits PD-1 
activity by binding to the PD-1 receptor on T-cells to 
block PD-L1 and PD-L2 from binding. Blocking the PD-1 
pathway inhibits the negative immune regulation caused 
by PD-1 receptor signaling.(13)

Ipilimumab has been widely used in treating 
unresectable and metastatic melanoma. Moreover, it 

also confers a reported survival advantage of 10 months 
in advanced melanoma. Studies have shown that these 
drugs are a useful treatment option for metastatic diseases 
even for patients whose disease progressed on multiple 
previous therapies.(14) The overall survival is further 
improved when ipilimumab is given in combination with 
a chemotherapeutic agent.(15) Similarly, the role of PD-L 
checkpoint inhibitors in metastatic gastrointestinal tumors 
is encouraging. A phase II trial conducted by Kojima et al. 
showed that nivolumab has promising activity with a good 
side effect profile. The median overall survival was 12.1 
months and a good response was seen in 17.2% patients.
(16) Pembrolizumab has shown a good response in patients 
with metastatic esophageal and colorectal cancers.(17, 18)

Synergistic Effect of Radiation with 
Immunotherapy - Personalized 
Treatment with Abscopal Effect:

The concept that RT and systemic therapy can 
complement each other was first presented by Steel and 

Figure 3. Radiation-induced killing leads to the release of tumor antigens (TAA) in circulation. These antigens are engulfed by antigen-
presenting cells (APCs) and are presented to T cells which in turn leads to priming and activation of T cell-mediated immune response 
via CD8-cluster of differentiation 8 resulting in abscopal effect at distant regions.
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Peckham. The principle of spatial cooperation holds that 
a local treatment is used to eradicate evident disease 
and systemic treatment to treat remote or occult micro 
metastatic disease. Ideally such combination treatments 
do not have overlapping toxicities, particularly when 
they are given in close succession to each other.(19) 
Immunotherapy is a form of treatment that boosts the 
body’s natural defenses to fight against disease. The 
efficacy of immunotherapy in cancer treatment was first 
demonstrated by G Mathe in 1969.(20) In 1988, Rosenberg 
treated 20 patients of metastatic melanoma with IL-2 
and observed that cancer regressed in 11. This regression 
lasted from two to more than 13 months.(21)

The future is now steering its way to personalized 
medicine. The whole concept spins around developing 
and consolidating personalized oncology practice, where 
each patient will be treated as per need, to prolong the 
overall survival and minimize toxicities hence improving 
therapeutic ratio. This notion explains that no two 
individuals are alike, which will challenge the current 
concept of making cohorts and treating them on the 
same pattern because outcomes are variable due to 
heterogeneity in tumors.(22) Metastatic patients with 
treatment failure is a common story for an oncologist but 

an unusual good response does give hope to the treating 
physician and patient. Abscopal effect is one of many 
such hopes. 

Currently there has been a boom in the use of 
immunotherapy specifically in palliative settings with RT 
to achieve maximum advantage of an abscopal effect. 
The use of high dose per fraction radio therapeutic 
approaches offers the possibility that novel combinations 
with current systemic strategies could enhance systemic 
anti-tumor effects.(23)

Improved treatment responses within and outside RT 
regions are noted when immunotherapy is administered 
in conjunction with RT. Sato and his colleagues reported 
a case of a patient with gastric adenocarcinoma who 
developed local recurrence with invasion in pancreas 
and kidney and distant metastases in the peritoneum. 
The patient was given chemotherapy with paclitaxel 
for two cycles but stopped due to neutropenia and poor 
performance status. He was then started on adoptive 
T-cell immunotherapy and dendritic cell therapy and was 
offered intensity-modulated RT with a dose of 50.4 Gy 
in 28 fractions. Local tumors had a complete response 
with the improvement of disease observed in peritoneal 
metastases.(24)

Table 1: Cases published without use of immunotherapy – reflecting key role of radiation to attain an abscopal effect. Note: abscopal 
effect is not limited to few pathologies.
Abbreviations: RT: Radiation Therapy, Gy: Gray, Fr: Fractions, UK: United Kingdom, HCC: Hepatocellular Carcinoma, USA: United States of America, 
DLBCL: Diffuse Large B Cell Lymphoma, NSCLC: Non-Small Cell Lung Cancer.

Year Author Country Disease site RT Doses
Gy/Fr Target area Abscopal Effect Disease Free 

Survival Immunotherapy

2015
(35) Lock M. et al UK HCC 70/15 Liver

Pulmonary 
metastases

2 years No

2016
(36)

Van de Walle 
et al

Belgium
Renal Cell 
Carcinoma

39/13
Neck

Lung and sub 
cutaneous 
deposits

17 months
No

2016
(37) Orton et al USA

Sarcoma head 
and neck

40/8 Post Auricular Pulmonary nodule 13 months No

2016
(38) R. Saba et al USA

Multiple 
myeloma 21/9 Gastric

Multiple bony sites
15 years No

2017 
(39)

Y.HIDAKA 
et al

Japan DLBCL 32/8
Left buttock and 

arm
At skin nodules 6 months No

2018 
(40)

Cheng-Hao 
Chuang et al

Taiwan Colorectal 30/10 Brain
Pulmonary 
metastases

2 months No

2018 
(41)

Moss Bruton 
Joe et al

Canada
Adeno 

Esophagus
30/10 Esophagus

Mediastinal Lymph 
node

2 years No

2019 
(42)

Aoi Kuroda 
et al

Japan NSCLC (Lung) 60/30 Mediastinum

Other mediastinal 
stations and 
pulmonary 
metastases

6 months No
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The synergistic effect of RT and immunotherapy is well 
proved. In a prospective study, Knisely and his colleagues 
treated a cohort of 77 patients diagnosed with melanoma 
brain metastasis. These patients were treated with 
definitive radiosurgery with and without ipilimumab. They 
showed that median survival improved to 21.3 months in 
patients who received ipilimumab and had an abscopal 
effect, as compared to 4.9 months who did not. The two-
year survival rate was 47.2% versus 19.7% .(25) Ribeiro 
et al. retrospectively studied the probability of abscopal 
effect in 16 patients of melanoma, non-small cell lung 
cancer and RCC who progressed on anti- PD1 therapy 
and subsequently received RT to any one site including 
lung, lymph node or bones. Only 25% of melanoma 
patients experience this rare phenomenon.(26)

With the technological advancements, we have now 
entered an era of precision RT where dose escalation is 
possible with minimum toxicities to organs at risk. Chandra 
et al. presented a systematic review of 47 patients with 
metastatic melanoma treated with ipilimumab, with RT 
introduced at some later point in time. They observed that 
with ipilimumab alone, only seven index lesions responded 
compared with 16 after RT. The study concluded that 
fractionated RT with a fraction size of ≥ 3 Gy was the only 
parameter associated with favorable response.(27) Similarly, 
Hiniker reported a case of melanoma with cutaneous, nodal 

and hepatic metastases. Patient was given stereotactic 
radiation to liver lesions only followed by ipilimumab. The 
disease was completely resolved after six months.(28)

Zhao and his colleagues reported a case of 42-year-
old with metastatic esophageal cancer with nodal 
deposits in the retroperitoneum and pelvis. He received 
chemotherapy and was on maintenance pembrolizumab. 
A high radiation dose of 42 Gy was given in six fractions 
via stereotactic RT to the retroperitoneal disease. Imaging 
done two months later showed complete disappearance 
of disease.(29) Similar results have been reported in 
patients treated for metastatic RCC with a combination 
of RT and pembrolizumab. (30) Shankar et al. reported a 
case of non-small cell carcinoma of lung treated with 
concurrent chemo radiation, delivering a dose of 60 Gy in 
conventional fractionation concurrently with carboplatin 
and paclitaxel followed by 26 Gy of stereotactic ablative 
radiation therapy (SABR) to primary lung lesion. During 
this course, the patient developed fluorodeoxyglucose 
(FDG) avid metastatic lesion in the right humerus and 
denied for systemic management. An FDG positron 
emission tomography/ computed tomography (PET/CT) 
scan performed 12 months after completion of SABR 
showed a complete metabolic response in all sites of 
abnormal FDG uptake.(31) Yazan et al provided a systemic 
review of 46 case reports on the abscopal effect with a 

Year Author Country Disease site
RT 

Doses
Gy/Fr

Target area Abscopal Effect
Disease 

Free 
Survival

Immunotherapy

2016
(43)

J.M. Michot 
et al

France Hodgkin disease 30/10 Mediastinum

Other mediastinal 
stations and sub-

dia phragmatic 
Lymph nodes

6 months
Pembrolizumab;

PDL-1

2017 (24) Sato et al Japan Recurrent gastric 48/24 Gastric
Peritoneal 

metastases
5 months Adaptive T-cell

2018 (29) Xiangfei Zhao 
et al

China Esophagus 42 /6
Retroperitoneal 

lymph node
Pelvic nodes

Not 
reported

Pembrolizumab

2018 (44) Chen Xi et al Canada Leiomyosarcoma 50/5 Paraspinal
Pulmonary, brain, 
adrenal, renal & 

hepatic
13 months Nivolumab

2019 (45) Shinde A et al USA HNSCC
14.8 
BID

Parotid
Pulmonary 
metastases

10 months
Nivolumab and 

ipilimumab

2019 (46)
Yuto 

Matsushita 
et al

Japan RCC
1) 36/12
2) 66/33

L4 Spinal 
vertebra

Pulmonary, 
adrenal, pancreas 
& right iliopsoas 

metastases

8 months Nivolumab

2019
(47)

Mervin B 
Agyeman et al

Ghana
Dermatofibrosarcoma 

protuberans
40/20 Leg (stump) Posterior torso 17 months Imatinib

Table 2: Cases published with use of immunotherapy – reflecting synergistic role of immunotherapy with radiation to observe 
abscopal effect.
Abbreviations: RT: Radiation Therapy, Gy: Gray, Fr: Fractions, PDL-1: Programmed Death Ligand-1, USA: United States of America, HNSCC: Head 
and Neck Squamous Cell Carcinoma, BID: Bis in Die, RCC: Renal Cell Carcinoma.
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median radiation dose of 31 Gy.(32) Dewan et al. utilized 
radiation regimens of 20 Gy in 1, 24 Gy in 3 or 30 Gy in 5 
fractions in combination with anti-CTLA-4 antibody, they 
established that fractionated doses were more optimal in 
inhibiting tumor growth outside radiation field compared 
to single-dose regimen.(33) A summarized table for above 
case reports are tabulated in Table 2.

A combination of stereotactic radiation with 
immunotherapy has recently lead to the emergence of a 
fresh term ISABR (I- Immunotherapy; SABR – stereotactic 
body radiation). Researchers have developed a new 
interest in tumor driven “in situ vaccine” concept via 
the use of different modalities to attain the maximum 
synergistic effect. Accumulating evidence shows that 
RT and immunotherapy potentiates the abscopal effect, 
making it an effective strategy for dealing with advanced 
or recurrent tumors. A large number of clinical trials are 
enrolling patients to test this old concept and its results 
will tell whether it will change the clinical practice or not.(34) 

Conclusions:
RT with the use of immunotherapy holds promise in 

the upcoming years, as we may observe a paradigm shift 
from the simple use of palliative hypo fractionated RT to 
the use of stereotactic definitive RT, not only to improve 
quality of life but gain an overall survival advantage. 
Although the abscopal effect is observed in a small 
proportion of patients but it does translate into improved 
quality of life. The key to success will be identifying the 
correct patient population where this phenomenon is 
expected. With favorable results of clinical trials, we may 
carve our way to offer personalized management options 
to cancer patients
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