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Abstract
BACKGROUND
[bookmark: OLE_LINK14]Radical cystectomy is considered the first choice for the treatment of muscle-invasive bladder cancer. However, for some patients who have lost the indications for surgery, external beam radiotherapy is a non-invasive and effective treatment.

CASE SUMMARY
[bookmark: OLE_LINK15]A 76-year-old patient with bladder cancer who had serious comorbidities and could not tolerate surgery or chemotherapy came to the Wuwei Heavy Ion Center. He received carbon ion radiotherapy (CIRT) with a whole-bladder dose of 44 GyE and tumor boost of 20 GyE. When he finished CIRT, his bladder cancer-related hematuria completely disappeared, and computed tomography examination showed that the tumor had obviously decreased in size. At the 3-mo follow-up, the tumor disappeared, and there were no acute or late adverse events. CIRT was well tolerated in this patient.

CONCLUSION
[bookmark: OLE_LINK16]CIRT may allow for avoiding resection and was well tolerated with curative outcomes.
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[bookmark: OLE_LINK13]Core Tip: This case report is of a bladder cancer patient who received carbon ion radiotherapy (CIRT). The patient tolerated CIRT well. After the completion of CIRT, the hematuria associated with bladder cancer disappeared completely, and computed tomography examination showed that the tumor was significantly reduced. During the 3-mo follow-up, the tumor disappeared and there were no acute or late adverse events.
INTRODUCTION
[bookmark: OLE_LINK17]Radical cystectomy is considered the treatment of choice for muscle-invasive bladder carcinoma[1-6]. Surgery may not be possible, however, for patients with locally advanced tumors or for those considered medically unfit[7,8]. External beam radiotherapy (EBRT) is a noninvasive and efficient treatment modality[9-11], although it is based on very limited literature consisting mainly of small retrospective series of patients not eligible for curative treatment[12-14].
Carbon ion beams produce increased energy deposition at the end of their range to form the Bragg peak while minimizing radiation damage to the surrounding tissue, leading to a more precise dosage and localization than photon beams. Furthermore, carbon ion radiotherapy (CIRT) is cell cycle independent with a high relative biologic effectiveness (RBE) and low oxygen enhancement ratio. This kind of radiation also leads to double-strand breaks in DNA molecules, resulting in lethal damage to tumor cells. These properties are thus advantageous for treating radiation-insensitive tumors[15]. Here, we present 1 case of a bladder carcinoma patient who underwent CIRT who achieved good results.

CASE PRESENTATION
Chief complaints
[bookmark: OLE_LINK18]A 76-year-old male patient with bladder cancer is presented. The patient complained of intermittent gross hematuria for 1 year. 

History of past illness
[bookmark: OLE_LINK20]The patient had previously been in good health.

Personal and family history
[bookmark: OLE_LINK21]No similar medical history in the family.

Physical examination
[bookmark: OLE_LINK22]After the patient was transferred to our center, we performed a full work up. We found the patient had serious gross hematuria (Figure 1A) through the entire course of micturition with pain on straining to urinate.

Laboratory examinations
[bookmark: OLE_LINK23]No abnormalities in blood routine, biochemistry, and electrolytes tests.

Imaging examinations
[bookmark: OLE_LINK24]Due to the renal and cardiac insufficiency, the patient only underwent abdominopelvic computed tomography (CT) scanning and magnetic resonance imaging without contrast. Imaging in August 2020 showed that the bladder wall was in-homogeneous thickened with mass formation, the mass protrusion into the lumen, and a mass size of 27.9 mm × 29.1 mm. The radiography diagnosis was bladder cancer. Given his co-morbidity, he had a high risk of cystoscopy; at our center, we took urine exfoliation cytology, which found transitional cell carcinoma. He had a serious macroscopic hematuria, and laboratory examination showed urinary red blood cell count (URBC) 14653/μL.

FINAL DIAGNOSIS
[bookmark: OLE_LINK25][bookmark: OLE_LINK1]After detailed comprehensive evaluation, the patient’s definite diagnosis was bladder cancer, America Joint Committee on Cancer (8th edition), cT2N0M0, stage II, and Karnofsky score of 70 points. Due to the patient's underlying co-morbidity (diabetes, chronic renal and cardiac insufficiency), the patient had high risk of surgical treatment or cystoscopy. He and his family refused to accept surgery, cystoscopy, or chemotherapy. After MDT, we decided CIRT for the patient with the “galloping scheme” technique (as discussed in the next paragraph) (Figure 2). 

TREATMENT
[bookmark: OLE_LINK26]Introduction of the "galloping scheme": Before CIRT, the patient underwent indwelling urinary catheter placement. The catheter needs to have a large inner diameter with double-lumen and have 21F-24F inner lumen diameter, which is connected to the bladder and closed thoracic drainage bottle, which has a large volume of more than 2000 mL. Physiological saline solution is injected into the water-sealed bottle (Figure 3). By using “the law of connected vessels”, bladder pressure is related to bladder volume, detrusor, sphincter contraction, abdominal pressure, etc. The fluid flow in and out of the water-sealed bottle was observed until a fluctuating level of relative equilibrium was reached. We adjusted the liquid level of the closed thoracic drainage bottle, and we acquired an ideal bladder volume when finally the water level of the closed thoracic drainage bottle and the bladder pressure is in equilibrium. The ideal bladder volume was obtained by adjusting the liquid level of the bottle according to the lesion location and irradiation range of the bladder cancer. The liquid level of the closed thoracic drainage bottle was measured and recorded. When the patient was asked to urinate forcibly, we found an increase in the level of the thoracic drainage bottle, and finally the water level came back to the original level. The bladder volume repeatability was observed. The specified pressure of closed thoracic drainage bottle was transmitted to the bladder, making the internal bladder pressure and volume almost constant during CIRT. In other words, during the treatment, we kept the precise level of the closed thoracic drainage bottle, and we reached a steady bladder volume and position. 
[bookmark: OLE_LINK2]In CT simulation positioning, the whole process of CIRT was simulated several times to determine the variation of urine volume and bladder contour with urine production during treatment, and the internal target volume (ITV) range of bladder was determined individually. Technically, we obtained the individualized data of constant bladder volume and pressure during CIRT (the fluid level in the water-sealed bottle has generally good reproducibility of 10-20 cm above anterior portion of the pubis). Before CIRT, the difference of bladder volume was observed at the simulated positioning session more than three times to determine the degree and range of bladder volume change during radiotherapy, so as to finally achieve the demand of precise treatment. The "galloping scheme" was used to control the constant bladder volume and position throughout the treatment. We had adopted this technique at CIRT for prostate cancer and cervical cancer patients and find it was very wonderful. During CT simulation and positioning, the whole CIRT session was simulated for several times, and the ITV range of the bladder was determined often as 2-4 mm.
[bookmark: OLE_LINK3][bookmark: OLE_LINK4][bookmark: OLE_LINK7][bookmark: OLE_LINK5][bookmark: OLE_LINK6]Target area was delineated: Gross tumor volume (GTV) was delineated as bladder lesions visible on CT and magnetic resonance imaging. Internal GTV (IGTV) was formed by external expansion of 3 mm on the basis of GTV; GTV plus 3 mm formed primary GTV (PGTV). Clinical target volume included the whole bladder, and ITV was within 0.2-0.4 cm of uniform external expansion of the bladder. Primary tumor volume (PTV) was expanded by 3mm on the basis of ITV, and the 3 mm margins were modified if intestinal tract was close to the bladder; 4-field ‘box’ technique was used to treat both PTV 1 and PGTV.
IGTV was formed by external expansion of 3 mm on the basis of GTV and was formed by external expansion of 3 mm on the basis of IGTV. It was tailored appropriately according to the location of intestinal tract. The irradiation dose was expressed in Gy (RBE), defined as the carbon ion physical dose (Gy) multiplied by a RBE value of 3.0.
The patient was given total doses of 64 Gy (15 fractions, 5 d per week); 20 GyE in four fractions (5 GyE/Fx) was delivered in the first course to the PGTV covering the entire tumor, and then in the second course to PTV to the full dose [alternatively, the whole bladder receives an additional 44 Gy in 11 (4 GyE/Fx) fractions].

OUTCOME AND FOLLOW-UP
[bookmark: OLE_LINK27]The treatment was started on August 28, 2020. Blood routine, biochemical items, and urine routine were regularly reviewed every 2-d during the treatment, and no toxicity and side effects of radiotherapy were found. After five times of CIRT (Figure 4), gross hematuria disappeared and dysuria was relieved. URBC value of routine URBC decreased significantly (14653 cases/μL to 31 cases/μL). After the initial six times of CIRT, the patient's gross hematuria was completely disappeared (Figure 1B). At the end of the CIRT, pelvic CT indicated that the tumor shrank to 7.6 mm × 17.7 mm, the maximum tumor diameter shrank to 39.1%, and the RECIST1.1 tumor efficacy was assessed as PR, and there were thickening changes of the bladder wall (Figure 5). At the 4-mo of follow-up, A large amount of urinary sediment was discharged during and until 50 d after treatment. About 30 d after treatment, his pain on straining to urinate disappeared.
There were no Grade II or more acute effect and late effects observed, and CT assessed the tumor completely disappeared and the bladder wall thickening change came back to normal. We assessed it was the complete response, and no any late effects were observed. Toxicities were assessed using the Common Terminology Criteria for Adverse Events (version 4.0).

DISCUSSION
[bookmark: OLE_LINK28]To the best of our knowledge, there are no reports concerning CIRT in the management of bladder carcinomas. Compared to photons, carbon ions have a superior dose conformity, which is even better than that of modern radiotherapy techniques such as stereotactic body irradiation or intensity-modulated radiation therapy/volumetric-modulated arc radiotherapy[16]. CIRT also has greater biological advantages due to a higher linear energy transfer of heavy ions, resulting in better local tumor control and fewer adverse effects on normal tissue[17-20]. Hence, CIRT may be an effective treatment for patients with bladder carcinoma.
The most appropriate treatment algorithm for muscle invasive disease remains controversial. Although radical cystectomy has long been the standard treatment in the United States, organ-preserving regimens using irradiation with concurrent chemotherapy are emerging as viable alternatives in a subset of patients. In clinical practice, irradiation as an adjuvant to cystectomy, preoperative radiation therapy, or postoperative radiation therapy is often used. In the past, radical EBRT was widely used as a single modality for T2 to T4 bladder cancers, particularly in Europe. In the United States, however, the use of irradiation was frequently limited to patients whose medical comorbidities made them poor candidates for surgical monotherapy.
However, currently, there is no CIRT protocol for bladder cancer worldwide. The main reason is that the bladder volume and shape are constantly changing, so it is difficult to ensure the accuracy of treatment and spare OARs. In our clinical experience with applying carbon ion treatment for prostate cancer and cervical cancer, we adopted a closed thoracic drainage bottle to control the pressure and volume of the bladder to ultimately summarize the "galloping scheme" and found that this approach could perfectly resolve the issue of changes in bladder volume and shape.
The present patient had inoperable cancer, was elderly, and was not even a candidate for surgery or chemotherapy. From our clinical experience, for both bladder cancer and other cancers, we found that CIRT was effective in controlling hemorrhage. For this patient, after six fractions of CIRT, the patient's gross hematuria disappeared. Studies investigating EBRT for bladder-related bleeding (follow-up) have reported a 10%-100% efficacy. A few retrospective studies have reported the efficacy of different radiotherapy schedules as palliative treatment for bladder invasion-related gross hematuria, with a hemostatic control rate of 16%-100%. Even though the studies were very heterogeneous in terms of doses and techniques, all of them consistently showed a high rate of HC with low toxicity rates. All patients presented hematuria related to bladder invasion.
For muscle invasive bladder cancer, a single radiotherapy modality is no longer sufficient, and comprehensive treatment is often required. This patient was unable to receive comprehensive treatment due to the presence of many complications, which may have affected the efficacy of treatment in this patient.
Carbon ion beams can provide ideal dose distributions and improved biological efficacy, and their efficacy does not depend on the cell cycle stage.

CONCLUSION
[bookmark: OLE_LINK29]In summary, the present study shows that CIRT is feasible, even in very elderly patients with comorbidities. CIRT had good tolerance, with few acute or late severe toxic events. As shown in this study, CIRT deserves further investigation in trials. Nevertheless, this is the first report of CIRT for bladder carcinoma, and we achieved a great success. Thus, we want to report our results to help more patients around the world.
The management of this patient population, which includes our patient, is challenging, and CIRT might be an effective and safe option worthy for further evaluation due to its higher relative biological effectiveness associated with greater linear energy transfer; this may lead to a higher probability of achieving tumor control with a lower rate of post radiation morbidities.
We reported a case of bladder cancer treated by CIRT. To the best of our knowledge, this is the first study to use CIRT for bladder cancer. Currently, the patient has achieved relapse-free survival. The favorable clinical course and outcome suggest that CIRT might allow for avoiding resection and was well tolerated with curative outcomes.
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Figure 1 The patient’s urine. A: Image at the time of admission to the hospital; B: Image after just completing carbon ion radiotherapy.
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Figure 2 Schematic diagram of “galloping scheme”, the red arrow (left-the closed thoracic, right-simulation of the bladder).
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Figure 3 Double lumen latex balloon foley catheter.
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Figure 4 Image of patient during computed tomography immobilization with “galloping scheme”.
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Figure 5 Computed tomography images. A: Pre-carbon ion radiotherapy (CIRT, tumor shown as red circle); B: After CIRT; C: Three months after CIRT.
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