Neuro-Oncology Advances

4(1), 1-9, 2022 | https://doi.org/10.1093/noajnl/vdac132 | Advance Access date 19 August 2022

The abscopal effect: systematic review in patients with
brain and spine metastases

Dhiraj J. Pangal, Benjamin Yarovinsky, Tyler Cardinal®, David J. Cote, Jacob Ruzevick,
Frank J. Attenello, Eric L. Chang, Jason Ye, Josh Neman, Frances Chow, and Gabriel Zada

USC Brain Tumor Center, Keck School of Medicine, University of Southern California, Los Angeles, California, USA
(D.J.R, B.Y, TC., D.J.C., JR., FJ.A., E.L.C., J.Y.,, J.N., FC., G.Z.); Department of Neurological Surgery, Keck School
of Medicine, University of Southern California, Los Angeles, California, USA (D.J.R, B.Y, T.C., J.R., FJ.A., J.N., FC.,
G.Z.); Department of Radiation Oncology, Keck School of Medicine, University of Southern California, Los Angeles,
California, USA (E.L.C., J.Y.)

Corresponding Author: Dhiraj J. Pangal, BS, USC Department of Neurosurgery, 1200 N State Street, Suite 3300, Los Angeles, CA
90033, USA (pangal@usc.edu).

Abstract

Background. The abscopal effect is a rare phenomenon whereby local radiation induces a proposed immune-
mediated anti-tumor effect at distant sites. Given the growing use of immunotherapies and systemic immune
checkpoint inhibitors in neuro-oncologic practice, we aimed to review prior studies pertaining to this phenomenon
in the context of tumor shrinkage both within the central nervous system as well as distant disease sites.
Methods. A systematic review in accordance with the PRISMA guidelines was conducted to identify all studies
which assessed the abscopal effect in patients with treated metastatic cancer to the brain and/or spine. Articles
were included if they reported the abscopal effect in patients (case studies) or if the abscopal effect was explicitly
analyzed in case series with cohorts of patients with metastatic brain or spine tumors. Laboratory investigations
and clinical trials investigating new therapies were excluded.

Results. Twenty reports met inclusion criteria [16 case reports, 4 case series (n = 160), total n = 174]. Case reports
of the abscopal effect were in relation to the following cancers: melanoma (6 patients), breast cancer (3), lung ade-
nocarcinoma (2), non-small-cell lung cancer (2), hepatocellular carcinoma (1), and renal cell carcinoma (1). Eleven
patients had irradiation to the brain and 2 to the spine. Patients undergoing whole brain radiotherapy (6) had an
average dose of 33.6 Gy over 8-15 fractions, and those undergoing stereotactic radiosurgery (5) had an average
dose of 21.5 Gy over 1-5 fractions. One patient had radiation to the body and an intracranial abscopal effect was
observed. Most common sites of extracranial tumor reduction were lung and lymph nodes. Ten case studies (57%)
showed complete resolution of extra-CNS tumor burden. Median progression-free survival was 13 months fol-
lowing radiation. Four papers investigated incidence of abscopal effects in patients with metastatic melanoma to
the brain who received immune checkpoint inhibitor therapy (n = 160); two papers found an abscopal effect in 35%
and 52% of patients (n = 16, 21 respectively), and two papers found no evidence of abscopal effects (n =61, 62).
Conclusions. Abscopal effects can occur following radiotherapy in patients with brain or spine metastases and is
thought to be a result of increased anti-tumor immunity. The potential for immune checkpoint inhibitor therapy to
be used in combination with radiotherapy to induce an abscopal effect is an area of active investigation.
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The abscopal effect is an oncologic phenomenon in which
radiation to one tumor site causes tumor regression in a
distant, nonirradiated location. This effect was first de-
scribed in the 1950s and has since been reported in nu-
merous case studies.' While not completely understood,
the abscopal effect is likely an immune-mediated mech-
anism where the tumor microenvironment is disrupted by
local radiation, allowing improved antigen presentation
with subsequent anti-tumor activity at distant sites.

This phenomenon is of particular importance to the neu-
rosurgical and neuro-oncology community as there have
been multiple reports of the abscopal effect occurring
following radiation treatment for metastatic disease to
the brain.*® This is especially pertinent with the growing
literature and use of immune checkpoint inhibitors (ICl),
including anti-CTLA-4, Programmed-Death 1 (PD-1) and
Programmed-Death Ligand 1 (PD-L1) antibodies in pre-
clinical models and early clinical trials of primary and met-
astatic brain tumors, and the proposed immune-mediated
synergistic effect of radiation and checkpoint inhibitor
therapy.”® Importantly, understanding the characteristics
of patients who might benefit from the abscopal effect and
the potential to harness this effect as a therapeutic tool re-
main largely unknown.

To better communicate this phenomenon as it pertains
to neurological surgeons and neuro-oncologists, we sys-
tematically reviewed the literature for instances of the
abscopal effect in patients with metastatic disease to the
brain or spine. We discuss the hypothesized mechanism
underlying this phenomenon and directions for future
investigation.

Methods

The Preferred Reporting Items for Systematic Reviews and
Meta-Analyses (PRISMA) guidelines were used to query
the MEDLINE and PubMed databases for articles published
between January 1, 1990 and September 1, 2021 using the
following search criteria: ((abscopal effect OR bystander ef-
fect)) AND ((brain OR spine OR metastases OR glioma OR
glioblastoma)). For clarity in study methodology, the PICOS
(Participants, Interventions, Comparators, Outcomes,
Study Design) framework was followed: Participants were
patients with metastatic primary cancer to the brain and
or spine who experienced the abscopal effect. The inter-
vention studied was radiotherapy for metastatic tumors.
There were no direct comparators for this study; primary
outcomes measured were location of abscopal effect and
survival. Finally, both case studies and case reports were
included (study design).

Inclusion and Exclusion Criteria

Studies were included if they: were published in English,
reported clinical results, studied or showed evidence of
abscopal effects, included patients with primary or meta-
static central nervous system tumors, listed the neurosur-
gical pathology as the site of radiation or as the distant
site, and reported outcomes data (progression-free sur-
vival, overall survival, or follow-up time). Case series

were included if they explicitly investigated the presence
or absence of the abscopal effect and any subset of pa-
tients studied had metastases to the brain or spine. Studies
investigating abscopal effects and reporting negative re-
sults were also included. It is important to note that studies
describing the abscopal effect in patients on systemic
therapy (particularly ICl) may blunt an understanding of the
abscopal effect “on its own”; however, given the proposed
synergistic mechanism between ICl and radiation induced
immune responses, and the potential for these therapies to
be utilized in tandem, these studies were included.

Studies were excluded if they were: review articles, lab-
oratory investigations, or did not involve neurosurgical pa-
thology (eg, irradiating liver metastases reduced the size of
lymph node metastases). Clinical trials investigating novel
therapeutics for brain tumors were also excluded.

Two independent reviewers screened titles and abstracts
for relevance (DJP, BY). Following full-text review, a third
author (TC) arbitrated the two lists to finalize the 18 studies
included in analysis (Figure 1).

Data Collection and Analysis

Data was collected on patient presentation, radiation treat-
ment details (dosage, fractions), and outcomes [time to
abscopal effects, overall survival (OS), progression-free
survival (PFS)]. Data from case reports were aggregated
and averaged to determine radiation dosage, OS, PFS.
Articles which did not report these findings were not in-
cluded in calculations.

Results

A total of 1230 articles were queried. Of these, 55 studies
remained following screening based on title and abstract
for relevance. Of the 55 studies which underwent full-text
analysis, 35 were excluded for the following reasons: did
not contain evidence of primary or metastatic brain or
spine tumor (n = 15), were review articles without unique
patient reports (n = 7), referenced the abscopal effect but
did not discuss it in a clinical context (n = 3), clinical trials
of novel systemic therapies (n = 2), were not in English (1),
and described in a pre-clinical animal model (n = 2). One
article discussed an abscopal-like effect in a patient with
glioblastoma but who did not have a secondary tumor; this
study was excluded from the main analysis. Following ex-
clusion of these studies, there were a total of 20 articles
that met inclusion criteria, of which 16 were case reports,
and 4 were retrospective case series.®""-27 All studies were
published between 2013 and 2021, with one article pub-
lished in 1998.

A summary of the 16 case reports comprising 16 patients
is shown inTable 1. Data were pooled and averaged to de-
termine radiation dose and outcomes. There were 11 case
reports of radiation to intracranial metastases resulting in
extracranial abscopal effects (IC-EC).6.'5-1724-29 There were
two reports of radiation to the vertebral column leading
to extracranial responses (V-EC).'®'* There was one re-
port of radiation to extracranial sites resulting in intracra-
nial abscopal effect (EC-IC)." There were two reports of



Pangal et al. Systematic review of abscopal effects in neurosurgery

soft tissue radiation leading to reduction in spine metas-
tases.'>23 All included case reports are further described in
Table 1.

The two most common cancers associated with abscopal
effects were metastatic melanoma (n = 6) and breast
cancer (n=3). Of the 16 patients described in these case re-
ports, 10 were on systemic therapy, including 6 on immune
checkpoint inhibitors (PD-1/PD-L1 inhibitors: n=4, CTLA-4
inhibitors: n = 1). Of the patients who received systemic
checkpoint inhibitor therapy, two patients had disease pro-
gression following ICI and prior to radiation, one patient
had stabilization of tumor size following ICl and prior to ra-
diation, and three patients received ICl concurrently with
radiation. Other systemic chemotherapies included IL-2
(n=2), BRAF inhibitor (n=1), and EGFR tyrosine kinase in-
hibitor (n = 1); there were no overarching similarities in the
group which received systemic therapy but not ICI (3 mel-
anoma patients, 1 breast cancer patient, OS = 19 months)
(Table 1). Five patients in the IC-EC cohort had whole brain
radiotherapy (WBRT) with an average dose of 33.6 Gy
(range 30-48, range: 8-15 fractions). Four patients under-
went stereotactic radiosurgery for brain metastases (av-
erage dose of 21.5 Gy, range 20-25 Gy, 1-5 fractions).

The average time between the delivery of radiation and
the discovery of the abscopal effect (on repeat scan) was
5.7 months; one report demonstrated an abscopal effect in
an admitted patient in under 1 week.'”” The most common
locations for distant tumor reduction were lung (n=9) and
lymph nodes (n = 5). Sixty-three percent (10/16) of studies
reported a complete or near-complete metabolic response
and absence of all distant tumor foci following abscopal ef-
fect. The median progression-free survival was 14 months
(2 case reports had PFS of 7, 10 years). Only two studies
reported progression of disease subsequent to abscopal
effect.’®"7

In one case report, a patient with metastatic lung cancer
experienced an abscopal effect that occurred a second time
following treatment for tumor recurrence.'” Following irra-
diation to the brain and subsequent abscopal effect, this
patient saw progression of disease, and following irradia-
tion to the thoracic spine, experienced a second abscopal
effect. There was additionally one reported case of intracra-
nial resolution following extracranial metastasis in a pa-
tient with metastatic lung cancer who received radiation to
the axillary lymph nodes.™

There were four case series explicitly investigating the
abscopal effect in cohorts of patients with brain or spine
metastases from metastatic melanoma (n = 160) (Table 2).
In one study, 21 patients were included, of which 11 had a
partial or whole abscopal response.?? Of those 11 with an
abscopal response, 7 had an abscopal response following
WBRT and one patient following vertebral irradiation
(Table 2). In another study, of 16 patients with metastatic
melanoma to the brain who underwent radiotherapy for
brain metastasis while on ipilimumab therapy, 35% of
noncranial lesions showed a decrease in lesion size. The
authors found a 2.8-fold increased likelihood that the rate
of extracranial lesion response improved following intra-
cranial irradiation, however this did not achieve signifi-
cance.?’ In two case series comprising 68 patients with
metastatic melanoma who received ICI and radiotherapy
(36, 32 patients respectively), no evidence of abscopal ef-
fects were found (total n =61, 62).'920

Discussion

Mechanisms and Clinical Characteristics of
Patients with Abscopal Effect

First documented in 1958, the abscopal effect is derived
from the Latin ab meaning “position away from” and
scopus meaning “mark” or “target” and describes unex-
pected regression in metastatic lesions outside an irradi-
ated field." Since its initial description, it has been reported
anecdotally but systematic research and observation was
sparse due to its rare nature.? Potential mechanisms un-
derlying the abscopal effect remain poorly understood,
however, it is thought that radiotherapy may alter the
tumor microenvironment and transient breakdown of the
blood-brain barrier, leading to improved antigen presen-
tation with a subsequent anti-tumor immune response at
distant sites. One proposed mechanism is increased ex-
pression of calreticulin following radiation on the tumor
cell surface, promoting phagocytosis by dendritic cells.2530
Subsequently, dendritic cells then serve as antigen pre-
senting cells, activating T-cells and inducing an anti-tumor
response (Figure 2). Similarly, checkpoint inhibitors, such
as PD-1/PD-L1 inhibitors or CTLA-4 inhibitors utilize the
interaction between dendritic cells as antigen presenting
cells and T-cell activation to induce an immune response
against tumors.3! Accordingly, it is possible that the com-
bination of radiotherapy and checkpoint inhibitors could
have synergistic effect, which has been shown in pre-
clinical models.”

We identified 16 individual case reports in which the
abscopal effect was documented, of which 11 patients
had radiotherapy to the brain, 2 had radiotherapy to
the spine, and 3 had radiotherapy to other sites. Six pa-
tients included in the review were on immune checkpoint
therapy, one patient with adenocarcinoma of the lung,
one patient with unspecified NSCLC, and one patient with
melanoma. Interestingly, six patients were not on any
systemic therapy when the abscopal effect was noted. In
these cases, radiation was generally performed for pal-
liative measures, and patients presented back to the hos-
pital for other causes (e.g. pneumonia) with subsequent
staging imaging showing resolution of distant metastases.
When discussing the abscopal effect for brain tumors, it
appears that both SRS and WBRT are able to induce an
abscopal effect for extracranial metastases.3233 These find-
ings are consistent with the results of other systematic re-
views on the abscopal effect; Macki et al.*, demonstrated
that the abscopal effect for spine metastases was most
common in patients with high doses of radiotherapy and
on immunomodulatory therapy. Other reviews across mul-
tiple primary cancer subtypes and multiple metastatic lo-
cations have demonstrated the abscopal effect in similar
populations and across similar cancers as our study, and
similar to Macki et al.3>3¢, postulated that higher dosages
may have an increased abscopal effect.

The incidence of the abscopal effect is still debated. While
the predominance of case reports suggests it is a rare phe-
nomenon, two retrospective studies of patients with ma-
lignant melanoma found when checkpoint inhibitors and
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[ Identification of studies via databases and registers ]

Records removed before
screening:.
Duplicate records removed
(n=0)
Records marked as ineligible
by automation tools (n = 0)
Records removed for other
reasons (n = 0)

Records excluded™
(n=676)

Reports not retrieved
(n=0)

Reports excluded:
No evidence of primary or metastatic brain/spine
tumor (15)
Review articles (7)
Referenced abscopal effect but did not discuss it
in a clinical context/in patients (3)
Novel systemic therapies (2)
Pre-clinical models (2)
No secondary tumor for abscopal effect to take
place (1)
Abstract published in conference proceedings only
4
Non-English article (1)

)
= Records identified from*:
2 PubMed (n = 721)
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g Cochrane (0) >
= Scopus (421)
S EMBASE (88)
Registers (n = 0)
—
A4
)
Records screened >
(n =1230)
A4
Reports sought for retrieval
o (n=55)
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*Consider, if feasible to do so, reporting the number of records identified from each database or register searched (rather than the

total number across all databases/registers).

**If automation tools were used, indicate how many records were excluded by a human and how many were excluded by

automation tools.

Figure 1

radiotherapy were combined, an abscopal effect was
achieved in a significant proportion of patients 35% and 52%
of patients, respectively.2"?2This is contradicted, however by
two studies which found no evidence of the abscopal effect;
conclusions from one of these studies, however, is limited as
reduction in tumor size was primarily studied for CNS me-
tastases which may be a significantly rarer phenomenon.?°
In addition, in one case report a patient experienced an in-
itial abscopal effect (following irradiation of brain metas-
tases) and subsequent progression of extracranial disease,
with a second abscopal effect observed following irradiation

PRISMA flowchart demonstrating exclusion of studies from initial search query.

of a spinal metastasis."” This suggests that there are sys-
tematic changes occurring which promote anti-tumor im-
munity and may be harnessed in future treatments. Factors
influencing the development of abscopal effects may include
timing of radiotherapy and immunotherapy, fractionated vs
unfractionated therapy, or genetic subtypes which may be
more immune-responsive. One of these factors that is note-
worthy is the effect of varying fractionation regimens on the
incidence of observed abscopal effect. One study suggests
that varying fractionation dosage rather than single dose
radiotherapy has been seen to induce an abscopal effect
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Dendritic cells

T-Cells

Figure 2 Proposed mechanism for abscopal effect for intracranial pathology. (1) Intracranial metastasis is treated with radiotherapy (whole brain
radiation or stereotactic radiosurgery). (2) Radiotherapy and brain tumors themselves are proposed to weaken the blood—brain barrier (BBB). (3)
Radiation promotes the release of tumor antigen, cytokines, etc. into the circulation, facilitated by a weakened BBB. (4) Dendritic cells are able to
more easily pass weakened BBB and pick up tumor antigen. (5) Dendritic cells activate T-cells and cause a systemic anti-tumor response (e.g. re-

gression of lung mass). Created with BioRender.com.

when in combination with anti-CTLA-4 antibodies in pre-
clinical models. Within the study, mouse trials suggested
that not only is their therapeutic potential for the incidence of
abscopal effect when combining fractionated radiotherapy
with immunotherapy treatment but that there also exists a
specific therapeutic window in regard to optimal fractiona-
tion that can best induce a measurable abscopal effect and
tumor specificT-cell mediated response.?”

Other systematic reviews have also demonstrated wide
discrepancies in the prevalence of the abscopal effect—
from under 10% to over 60% in individual studies.3® This
discrepancy is likely multifold: primarily, there are no clear
consensus guidelines for the investigation or reporting of
the abscopal effect. Accordingly, limited data could be reli-
ably pulled from all manuscripts, including information re-
garding treatment timeline, radiotherapy details, follow-up
details, surveillance protocols, or thresholds for declaring
a tumor response “abscopal effect” (eg, percentage reduc-
tion). This represents an area of potential quality improve-
ment in research, and standardized metrics for reporting
would assist in supporting or dismissing claims regarding
the incidence abscopal effect.

The Role of the Blood—Brain Barrier in the
Abscopal Effect

Previously, the blood-brain barrier (BBB) was thought
to create immune privilege within the brain, which was

supported by the general lack of therapeutics which could
cross the BBB and take effect in the brain.3*#% However,
growing evidence suggests immune responses can
still occur, particularly when the BBB is disrupted.*"4
Radiotherapy has been proposed to disrupt the BBB in
humans, potentially allowing antigen presenting cells or
CD8+ T-cells to cross between intracranial and extracranial
compartments. Additionally brain tumors themselves may
disrupt the BBB (Figure 2).42#4 It is possible that both these
mechanisms are needed for an abscopal effect to occur.
This was corroborated by Grimaldi et al.??, where 85% of
patients with an abscopal effect showed local tumor re-
sponse to radiotherapy, implying a relationship between
intracranial response (tumor death) and distant tumor ef-
fect. Last, while not included in our study, there was one
case report where a patient with glioblastoma (GBM)
had a drug sensitivity reaction five days following radia-
tion therapy (and with no concurrent systematic therapy).
While there was no secondary tumor foci in this patient
for an abscopal effect to occur, it supports permeability
of the BBB and a heightened immune response following
radiotherapy.*®

While most cases in our review present an extra-cranial re-
sponse to intra-cranial radiation, Piercy et al." describes an
intracranial response after radiation targeted to the axilla, sug-
gesting that the abscopal effect may potentially be harnessed
following systemic treatment. Conversely, Ishiyama et al.’®
reported a case of continued intracranial tumor progression
despite the presence of an abscopal effect at other sites of
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systemic disease, therefore arguing the brain remained a priv-
ileged site in this case. Finally, it has been proposed that alter-
native, parallel systems of drainage and communication from
the brain to the systemic circulation (e.g. “glymphatics”) may
be a potential source of antigen presentation.*®

Ultimately, the abscopal effect has significant implications
for neurosurgeons, neuro-oncologists, radiation oncologists,
and those treating patients with brain or spine metastases.
Further study is needed on those pathologies particularly
susceptible to the abscopal effect, optimal timing of radia-
tion and systemic therapeutics, radiation-delivery platforms
which are more likely to induce the abscopal effect, and the
effect of concurrent immunotherapy.

Limitations

There are multiple limitations to the current study. The lar-
gest limitation is that it consists primarily of case reports,
which cannot be easily generalized. Second, there are mul-
tiple confounders within the treatment modalities of the pa-
tients analyzed, including concurrent systematic therapies,
timing of radiotherapy, frequency, and accuracy of follow-up,
etc. In addition, smaller changes in tumor size may be driven
by similar immunogenic mechanisms as an abscopal effect
but may not be classified as such compared to the large, dra-
matic reductions in tumor size as often reported in the case
series’ identified. Finally, this review is subject to the limi-
tations of all systematic reviews, including publication bias
and non-standardized reporting of treatment and outcomes.
Nonetheless, we believe the growing interest in this topic
presented a unique opportunity to discuss the abscopal ef-
fect through case reports and small case series as it pertains
to the practicing neurosurgeon-oncologist.

Conclusion

The abscopal effect is a rare phenomenon but is well docu-
mented. Patients receiving radiotherapy to the brain or spine
for metastatic disease and on immune checkpoint inhibitor
therapy may benefit from a heightened immunologic re-
sponse and regression of tumors distant to the irradiated
site. Further investigation into the role of the blood-brain bar-
rier, treatment strategies, and stratified patient populations
most likely to benefit from the abscopal effect are necessary.
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