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ABSTRACT

The abscopal effect refers to the phenomenon in which local radiotherapy is associated

with the regression of metastatic cancer that is distantly located from the irradiated site.
Here, we present a case of a patient with advanced gastric cancer and brain metastases

who was successfully treated with brain radiotherapy and anti-programmed death-1 (PD-1)
therapy-induced abscopal effect. Although anti-PD-1 therapy alone could not prevent disease
progression, the metastatic lesions in the brain and also in the abdominal lymph node
showed a drastic response after brain radiotherapy and anti-PD-1 therapy. To our knowledge,
this is the first reported case of successful treatment of advanced gastric cancer with multiple
brain and abdominal lymph node metastases, possibly through anti-PD-1 therapy combined
with brain radiotherapy-induced abscopal effect. We suggest that the combination of brain
radiotherapy and anti-PD-1 therapy may be considered as a therapeutic option for advanced
gastric cancer, especially when there is brain metastasis.

Keywords: Gastric cancer; Abscopal effect; Immune checkpoint inhibitor; Brain metastasis;
Radiation

INTRODUCTION

The combination of radiation therapy and immune checkpoint inhibitors has been reported
to improve clinical outcomes in multiple metastatic cancers. An abscopal effect occurs when
localized radiotherapy causes the regression of tumors distant from the irradiated site. In
2012, Postow et al. [1] published for the first time a case of the abscopal effect in a patient
with melanoma treated with ipilimumab, an immune checkpoint inhibitor, and radiotherapy
in the New England Journal of Medicine. In metastatic melanoma, potential radiation-
induced abscopal responses have also been reported with the use of immune checkpoint
inhibitors, such as cytotoxic T-lymphocyte-associated antigen 4 blockade [2,3]. In recent
years, several studies [4-8] have detailed the characteristics and results of clinical cases after
stereotactic brain radiation therapy and anti-programmed death-1 (PD-1)/programmed death
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ligand-1 (PD-L1) combination treatment, including melanoma, retroperitoneal sarcoma,
head and neck squamous cell carcinoma, and lung cancer.

According to a recent review [9], the abscopal effect phenomenon in radiation and anti-PD1/
PD-L1 combination therapy involves a series of chain reactions. First, radiation induces the
breakage of the deoxyribonucleic acid's double strands, which damages the tumor cells. The
damaged cells then release large amounts of tumor-associated antigen (TAA) fragments into
the blood within a short time for antigen-presenting cells. During this process, inflammatory
cytokine cascades are simultaneously secreted and activated. Subsequently, these TAA
fragments and inflammatory cytokines are recognized and engulfed by dendritic cells,
leading to an immune response that deliberately attacks the tumor cells outside the irradiated
field. In particular, the cascade immune reactions originating from the TAA fragments
support the participation of other immune checkpoint inhibitors [10-12]. It has also been
suggested that irradiation can upregulate PD-L1 expression in cancer cells, macrophages,
and dendritic cells [9]. Therefore, anti-PD1/PD-L1 antibodies could theoretically enhance

the anti-tumor immune modulation of radiation and synergistically achieve better outcomes.
Here, we present for the first time a case in which immune checkpoint inhibitors and
radiotherapy for the brain induced an abscopal effect in gastric cancer, leading to the
complete remission of the brain and abdominal lymph node metastases recurrence.

CASE REPORT

A 65-year-old male patient presented to our hospital for adjuvant therapy for gastric cancer.
Figure 1 shows the clinical course of the patient. He had been diagnosed with advanced

Chemotherapy XELOX PacllFaxel Nivo Nivo
Ramucirumab
Brain metastases
Recurrence Slight increased Increased
lymph node metastasis lymph node metastasis| |lymph node metastasis
et
CEA 6.9 13.8 6.3 1.6 43.4 1111 33.8 3.2 2.6 5.0
(ng/mL) | | | | | | | | 1 1 |
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2018 2018 2019 2019 2019 2019 2019 2020 2020 2020 2021
Distal Radiation Still alive with
gastrectomy for brain complete remission
Oct1-Oct 24
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Stereotactic 20 Gy/10 fractions

Fig. 1. Clinical course of the case. Each red arrow in A, B and C indicates a metastasis in the abdominal lymph node.
XELOX = capecitabine/oxaliplatin; Nivo = nivolumab.
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gastric adenocarcinoma with bulky lymph node metastasis and had undergone distal
gastrectomy with Roux-en-Y reconstruction in June 2018 after one cycle of S-1 plus cisplatin
chemotherapy and two cycles of capecitabine plus cisplatin plus trastuzumab chemotherapy.
HER?2 was positive, and the pathological stage was pT3N3aMO (pStage IIIB). Four months
after the operation (October 2018), computed tomography (CT) revealed a lymph node
metastasis, measuring 14 mm in diameter, in the blind-ended remnant stomach (Fig. 1A).
After the detection of recurrence, he received two cycles of capecitabine/oxaliplatin
chemotherapy and three cycles of ramucirumab plus paclitaxel. Since slightly increased
abdominal lymph nodes were observed (Fig. 1B) and severe anorexia and numbness
developed when ramucirumab + pactritaxicel therapy was performed, we modified the
treatment to nivolumab, which was conducted every 2 weeks for 2 cycles, as shown in Fig. 1.
During the second cycle of nivolumab (September 2019), he could not speak clearly, felt
muscle weakness, and experienced impaired walking. He was then transferred by ambulance
due to clonic spasms. Brain CT and magnetic resonance imaging (MRI) showed four solid
lesions with a maximum diameter of 5 cm in the right cerebellum, temporal lobe, and
parietal lobe (Fig. 2), suggesting metastasis to the brain from the gastric cancer. Whole-
brain radiotherapy (30 Gy in 15 fractions) and additional stereotactic radiotherapy (20

Gy in 10 fractions) were performed for the brain metastases. Although his dysarthria and
neurological symptoms markedly improved after radiotherapy, the size of the metastatic
lymph node in the abdomen increased to 38 mm in diameter (September 2019), as shown

in Fig. 1C. Nivolumab was resumed, as insisted by the patient. The follow-up CT and MRI at
3 months after the re-administration of nivolumab (Fig. 3) showed a dramatic reduction in
the brain and lymph node metastases (February 2020), indicating that the metastatic lesions
responded satisfactorily to radiotherapy and nivolumab. As shown in Fig. 3, the brain and
abdominal lesions almost had completely disappeared in October 2020. The time-course
changes in the carcinoembryonic antigen (CEA) levels (Fig. 1) supported the clinical course.
Thus far, the patient has been able to maintain a good quality of life while continuously
receiving nivolumab therapy. Even at present (July 2021), after 44 cycles of nivolumab, a
complete response is ongoing. The patient maintained excellent performance status and is
still currently alive 22 months after the initial diagnosis of the brain metastases.

The patient provided informed consent to publish the included information.

Sep. 2019

Fig. 2. Magnetic resonance imaging during 3-line chemotherapy showed four solid masses, with a maximum
diameter of 5 cm, in the right cerebellum, temporal lobe, and parietal lobe, indicating brain metastases from
gastric cancer.
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Sep. 2019 Lo Feb. 2020 Oct. 2020
Radiation

| Abscopal effect

Fig. 3. Time-course changes of the brain metastases (magnetic resonance imaging) and the abdominal lymph
node metastasis (computed tomography) are shown.

DISCUSSION

The clinical observation of partial responses in unirradiated lesions after radiotherapy,
termed the abscopal effect, has gradually attracted a lot of attention and has inspired
oncologists to combine stereotactic radiotherapy with immunotherapy, such as immune
checkpoint inhibitors, to improve clinical outcomes. The abscopal effect should be
distinguished from the immunotherapy effect alone during combination therapy, especially
when immunotherapy and radiotherapy are used sequentially or at the same time. If the
unirradiated tumor was relieved before radiation therapy, this phenomenon cannot be
attributable to the abscopal effect as it was probably induced by immunotherapy alone.
Meanwhile, the “real” abscopal effect is observed if the patients had stable or progressive
conditions during immunotherapy, and the local and the abscopal lesions were relieved after
radiotherapy. In the present study, gastric cancer recurrence developed even after anti-PD-1
therapy in the abdominal lymph nodes and in the brain. However, an unirradiated tumor in
the abdominal lymph node was completely relieved after radiotherapy for brain metastasis,
followed by anti-PD-1 therapy. Therefore, we concluded that the real abscopal effect was
induced by the combination of radiotherapy and anti-PD-1 therapy. However, we could not
exclude the possibility that complete response in brain metastasis after radiotherapy and
anti-PD-1 therapy might have occurred due to nivolumab or radiation therapy alone. Despite
two cycles of nivolumab, the metastatic lesions in the brain and abdominal lymph node
seemed to progress further, along with the increasing CEA levels, although we could not
completely exclude the possibility of pseudo-progression. However, the progressive lymph
node metastasis in the abdomen disappeared after radiation for the brain and PD-1 therapy
but not with PD-1 alone, suggesting that the subsequent radiation and anti-PD-1 therapy may
have induced an abscopal effect. Therefore, we should consider that the abscopal effect may
have been a major factor in the complete remission of the multiple brain metastases. It has
been reported that stereotactic brain radiation therapy and anti-PD-1/PD-L1 combination
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treatment could induce an abscopal effect in melanoma, retroperitoneal sarcoma, head

and neck squamous cell carcinoma, or lung cancer [1-8]. To our knowledge, this was the

first case in which subsequent immune checkpoint inhibitors and radiotherapy-induced an
abscopal effect in gastric cancer. As such, we suggest that combination therapy with immune
checkpoint inhibitors and radiation should be considered as a therapeutic strategy for
advanced gastric cancer.

Stereotactic radiosurgery has become the main therapy for metastatic brain tumors [13].
However, the response to treatment is poor in patients with gastric cancer and brain metastases.
Most brain metastases from gastric cancer are detected in the advanced stages of the disease
[14-16], with a mean survival period of 1.3 to 2.4 months [17]. Considering the nature of brain
metastases from gastric cancer as described above, it is surprising that the present case with four
metastatic lesions in the brain has survived for more than 22 months since the brain metastases
were first observed. The unexpected favorable outcome further supports our speculation that
radiotherapy plus anti-PD-1 antibody was capable of inducing an abscopal effect in this case,
thereby inducing a drastic response in the brain metastases from gastric cancer.
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