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Abstract
BACKGROUND
Although the bystander effect and abscopal effect are familiar in medicine, they are relatively rare in clinical practice. Herein, we report the case of a patient who demonstrated an obvious bystander effect and abscopal effect response following carbon-ion irradiation for recurrent thymic carcinoma.

CASE SUMMARY
A 44-year-old female presented with shortness of breath. Eleven years prior, she was diagnosed with athymic tumor located in the anterosuperior mediastinum. She underwent extensive tumor resection, and the postoperative pathologic diagnosis was thymic carcinoma. She was administered 50 Gy/25 Fx of postoperative radiation. In 2019, she was diagnosed with a recurrence of thymic carcinoma, with multiple recurrent nodules and masses in the left thoracic chest and peritoneal cavity, the largest of which was in the diaphragm pleura proximal to the pericardium, with a size of 6.7 cm × 5.3 cm × 4.8 cm. She received carbon-ion radiotherapy. After carbon-ion radiotherapy treatment, the treated masses and the untreated masses were observed to have noticeably shrunk on the day of carbon-ion radiotherapy completion and on follow-up imaging. We followed the CARE Guidelines for consensus-based clinical case reporting guideline development and completed the CARE Checklist of information to report this case.

CONCLUSION
This report is the first of obvious abscopal and bystander effects following carbon-ion irradiation in a human patient, and further research is needed to better elucidate the mechanisms of bystander and abscopal effects.
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Core Tip: We presented the case of a patient who demonstrated a bystander effect and an abscopal effect following carbon-ion irradiation for recurrent thymic carcinoma. In this report, obvious abscopal and bystander effects after carbon-ion irradiation in a patient was initially presented, and more research is needed to further elucidate the mechanism of bystander and abscopal effects.
INTRODUCTION
Radiation-induced bystander effect is an excessive biological phenomenon in unirradiated cells due to the transmission of signals from irradiated cells[1-5]. An abscopal effect is a result of the deterioration of unirradiated metastatic lesions after the irradiation of a distant tumor location[6-10]. The rarity and associated mechanisms of bystander and abscopal effects remain under study. To date, there have been no reports of both effects in one patient, even with photon or proton irradiation. Carbon-ion radiotherapy is a form of heavy-ion radiation modality with stronger effects on tumor cells by physical dose (higher relative biological effect) and better dose distribution compared with photon-based therapies[11,12].
Here, we have followed the CARE Guidelines for consensus-based clinical case reporting guideline development[13]. We present the case of a patient who demonstrated a bystander effect and an abscopal effect following carbon-ion irradiation for recurrent thymic carcinoma. 

CASE PRESENTATION
Chief complaints
In December 2019, a 44-year-old female presented shortness of breath and palpitation.

History of present illness
In December 2019, a 44-year-old female presented shortness of breath and palpitation.

History of past illness
Eleven years ago, she transferred to our hospital in February 2009 because of mediastinum tumor. Chest computed tomography (CT) showed a huge mass in the anterosuperior mediastinum, considered a thymic tumor. After detailed workup and multidisciplinary team consultation, she underwent tumor resection and extensive resection of tumor, including part of the left upper lobe of the lung, phrenic nerve and a small part of the pericardium, which were via median sternotomy. Postoperative pathology revealed macroscopic invasion into the pericardium and lung, without great vessel invasion and pathologic diagnosis as Masaoka Staging IIIA, World Health Organization Type C: Thymic carcinoma. On 35 d postoperative, she was administered radiation 50 Gy/25Fx, covering the surgical tumor bed and upper mediastinum. There was no chemotherapy. After that, the patient did not receive any chemotherapy, only regularly thorax CT follow-up.

Personal and family history
No similar medical history in the family.

Physical examination
After instructing the patient to inhale deeply, the symptoms worsened.

Laboratory examinations
No abnormalities in routine blood work, biochemistry and electrolytes.

Imaging examinations
Chest CT revealed multiple nodules and masses in the left thoracic chest and peritoneum cavity, alone with the pleura and peritoneum. The biggest one was at the diaphragm pleura proximity to the pericardium, sized 6.7 cm × 5.3 cm × 4.8 cm, and other multiple masses alone with pleura and peritoneum cavity.

FINAL DIAGNOSIS
We diagnosed it as recurrence of thymic carcinoma, after fine-needle aspiration of the biggest mass, which was close to the pericardium. The diagnosis still was Masaoka Staging IIIA, World Health Organization Type C: Thymic carcinoma.

TREATMENT
Referred to multidisciplinary team consultation, experts considered the patient to have a long disease-free period, and the tumor demonstrated an indolent biological behavior. They decided to irradiate the biggest mass adjacent to the pericardium with carbon ion, which would have probably relieved the patient’s palpitation and shortness of breath, etc. We therefore selected definitive carbon-ion radiotherapy (CIRT) because it could be administered within dose limitations and sparing the lung and heart. Carbon ions can provide a better distribution of physical dose because of lessened lateral scattering, which have higher relative biological effectiveness and a lower oxygen enhancement ratio, with desirable features in eradicating radioresistant, hypoxic tumors[14]. A CIRT plan was developed to deliver 60 Gy [Relative Biological Effectiveness (RBE)] (RBE = 3.0) to the planned target volume in 12 fractions by the broad-beam method. Doses of carbon ions were expressed as photon equivalent doses (GyE), namely, physical doses multiplied by RBE of carbon ions was assumed to be 3.0[15].
The patient was given CIRT once daily for 5 d within 1 wk (Monday–Friday), 12 fixed fractions (fr.) more than 3 wk in total. Clinical target volume coupling with a safety margin accounting for organ motion (respiratory and heartbeat) and setup inaccuracies were involved in planning target volumes. CIRT planning was conducted by Ci-plan planning software (KJTJ, Lanzhou, China). In order to spare the left ventricle, 1 cm of the tumor was set aside near the left ventricle and was not included in planning target volumes. Treatment planning aims to cover planning target volumes via 90%-isodose lines. 
Figure 1 shows the color wash isodose distributions for CIRT. One horizontal and one vertical ports were used for irradiation of the mass with 60 GyE delivered in 12 fractions.

OUTCOME AND FOLLOW-UP
The day after finishing the 60 Gy (RBE) CIRT, we ran a CT review. Amazingly, we found the biggest tumor decreased, including the 1 cm of the tumor that was set aside near the left ventricle, and other masses near or distant of irradiated area were decreased.
Following treatment, the treated masses as well as the untreated masses shrank noticeably the day after finishing CIRT on follow-up imaging. No additional treatment was administered. During and after CIRT, the patient’s shortness of breath and palpitation were relieved. There was only radiation dermatitis grade 1 acute adverse event and mild erythema. There were no ≥ grade 2 Radiation Therapy Oncology Group acute effect. The patient did not develop any later radiation adverse events 10 mo post-treatment, according to the Radiation Therapy Oncology Group/European Organization for Research and Treatment of Cancer criterion.

DISCUSSION
In the case, the patient exhibited both bystander-like and abscopal-like effects after carbon-ion irradiation, with a disease remission for 3 mo. A reduction in the size of unirradiated tumor was noted when radiation therapy was completed, without any additional treatment, but the reduction in the masses was easily noted on CT. Of note, both high-dose irradiated masses and low-dose irradiated masses as well as masses not irradiated (near or distant masses) obviously shrank. It is still difficult to discern whether this indicates an underlying susceptibility of the patient’s thymic carcinoma or specific characteristics of this patient’s immune system, or whether the bystander and abscopal effects can be taken as advantages of carbon-ion beam system used.
This patient was officially our heavy-ion center’s second patient to receive treatment. The Wuwei Heavy-Ion Center (WWHIC), located in Wuwei City, Gansu Province, is the first Chinese dedicated heavy-ion cancer therapy facility and was designed by the Institute of Modern Physics of the Chinese Academy of Sciences. The device was manufactured by Lanzhou KejinTaiji (KjTj) Corporation Ltd. The WWHIC initiated the clinical application of carbon ions generated by the dedicated heavy-ion medical accelerator in Wuwei on November 2018. On September 29, 2019, the facility’s device was approved by the National Medical Products Administration and registered as a class III medical device. With its high-end medical equipment, the first Carbon-Ion Cancer Therapy Facility in China is a heavy-ion treatment facility designated for the treatment of malignant tumors. The WWHIC is affiliated with Wuwei Cancer Hospital, and the clinical usage of the WWHIC officially started on April 1, 2019. As of January 25, 2020, 9 mo after the operation, the WWHIC has treated 218 patients with CIRT. In the WWHIC, CIRT planning is performed using the carbon-ion Plan (ciPlan, version 1.0, Institute of Modern Physics, Lanzhou, China), including biological plan optimization, taking local values of RBE calculated by ciPlan software based on the local effect model into account. CIRT is delivered using the ciTreat (Institute of Modern Physics, Lanzhou, China). A passive beam and intensity-modulated raster scan system was developed by the WWHIC. For the patient of this case, the passive beam delivery system was involved, together with two different conformal irradiation methods.
Abscopal effects were reported first in 1953[16], and there have been more and more clinical reports for numerous diseases treated with conventional irradiation, such as malignant lymphoma, hepatocellular carcinoma, cervical carcinoma, melanoma and colorectal cancer from then on[17]. There are almost no case reports of the bystander effect, but there are many laboratory studies and literature reviews on the bystander effect[18-20]. Nevertheless, the mechanisms underlying the bystander and abscopal effects remain indeterminate.
The present study shows the development of a post-radiated in situ tumor vaccine, in rare cases, leading to a systemic response to tumor tissues, which involves enhancing the target tumor by irradiation and inducing a strong response of CD8β effector T cells to the target tumor. Radiation can both suppress immunity and stimulate it. After irradiation, tumors can translocate a variety of recognizable antigens, such as calreticulin, to their surface, enhancing recognition and response by the immune system. Durante et al[21] produced evidence recently suggesting that irradiated cells exhibit common T-cell sensitivity, which may boost the enhanced immune system response to primary tumors post irradiation[21]. Nonetheless, the mechanisms by which the bystander and abscopal effects in the tumor are revealed to the immune system remain undetermined. 

CONCLUSION
In this report, obvious abscopal and bystander effects after carbon-ion irradiation in a patient was initially presented, and more work is needed to further elucidate the mechanism by which bystander and abscopal effects occur.
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Figure Legends
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Figure 1 Color wash isodose distributions for carbon-ion radiotherapy. One horizontal and one vertical ports were used for irradiation of mass with 60 GyE delivered in 12 fractions. The lowest 1% isodose area is shown. A-C panels represent scanning at different levels. 
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