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Abstract
BACKGROUND
Despite being the most common intraocular malignancy among adults, choroidal melanoma is a rare cancer type, even more so when accompanied by lung cancer. We report a patient with synchronous choroid melanoma and lung cancer treated with carbon ion radiotherapy (CIRT).

CASE SUMMARY
A 41-year-old woman was transferred to our center with a diagnosis of choroidal melanoma in her right eye. During the examination, we found a right lung tumor that was histologically diagnosed as lung cancer. The patient was treated with CIRT for both malignant neoplasms. The CIRT dose was 70 photon equivalent doses (GyE) in five fractions for the right eye choroidal melanoma and 72 GyE in 16 fractions for the right lung cancer. At 3 mo after CIRT, the choroidal melanoma completely disappeared, as did the right lung cancer 7 mo after; the patient was in complete remission.

CONCLUSION
CIRT may be an effective treatment for double primary lung cancer and choroid melanoma. 
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Core Tip: Simultaneous choroidal melanoma and lung cancer are extremely rare. This report details a case of a 41-year-old woman with right-side choroidal melanoma and lung cancer treated with carbon ion radiotherapy. Seven months after treatment, the patient was in complete remission.


INTRODUCTION
Uveal melanoma is the most common primary ocular malignancy among adults[1] and is treated with conventional surgery or various radiotherapy techniques[2,3]. The most common radiotherapy modalities are plaque brachytherapy and proton radiotherapy (PRT)[4-6]. However, carbon ion beams conform to the prescribed dose better than proton beams because of a sharper lateral falloff. Carbon ion beams are also biologically advantageous over PRT in treating relatively resistant tumors. Therefore, carbon ion radiotherapy (CIRT) was hypothesized to have similar or better clinical outcomes than PRT for choroidal melanoma. The National Institute of Radiological Sciences (NIRS) in Japan started using CIRT for uveal melanoma in 2001, and, as anticipated, CIRT was safe and effective[7]. CIRT is also effective with acceptable toxicity for early-stage and locally advanced non-small cell lung cancer. Moreover, it is equally safe and effective for elderly patients or patients with severe comorbidities who cannot receive surgery or chemoradiotherapy[8-10].
We present a case of concurrent choroidal melanoma and lung cancer that was successfully treated with CIRT. This report follows the CARE Guidelines: Consensus-based Clinical Case Reporting Guideline Development[11].

CASE PRESENTATION
Chief complaints
A 41-year-old woman was referred to the Wuwei Heavy Ion Center in June 2020 with choroidal melanoma of her right eye. 

History of present illness
The right eye melanoma was histologically confirmed via fine-needle aspiration biopsy at an eye hospital. Written informed consent was obtained from the patient for publication. 

Laboratory examinations
The immunohistochemical profile was C-erbB-2 (-), CK7 (+), Ki-67 (index = 25 %), Napsin A (+), P63 (-), and TTF-1 (+). 

Imaging examinations
Computed tomography (CT) and magnetic resonance imaging (MRI) demonstrated that the tumor was located on the cranial side of the right eye. The patient presented with right eye malaise with gradual diminution of vision in the right eye over a period of 2 mo. After being transferred to our center, the patient's vision rapidly worsened, and she became completely blind in 15 d. 
The patient underwent MRI at our hospital (3.0T; Siemens), which identified a lesion behind the right eye bulb from abnormal T1- and T2-weighted signals and high intensity on diffusion-weighted images (Figure 1). Ophthalmoscopy of the right eye showed a solid dark-gray mass in the posterior segment of the choroid with intense brown pigmentation occupying the posterior third of the vitreous chamber and mild retinal detachment at the peripheral choroidal mass rim. The mass was dome-shaped, 11.1 mm × 12.1 mm in size, and occupied a third of the posterior segment of the right eye (Figure 2). During the examination, a tumor in the lower lobe of the right lung was also observed. A multidisciplinary team discussion concluded that double primary neoplasms, ocular metastasis of lung cancer, and ocular melanoma with lung metastasis were possibilities. Subsequently, the patient underwent a lung biopsy, which indicated infiltrating acinar adenocarcinoma. 

FINAL DIAGNOSIS
The final histologically confirmed diagnoses were: (1) choroidal melanoma of the right eye, cT2N0M0 [per the American Joint Committee on Cancer (AJCC) 8th edition]; and (2) right-sided lung cancer, infiltrating acinar adenocarcinoma, cT3N0M0, IIb (per the AJCC 8th edition), KPS: 90. CIRT for lung and eye cancer was planned after discussion with the patient and family.

TREATMENT
First, we treated the right eye tumor. The patient was immobilized in a supine position with a bite block device (trUpoint ARCH; CIVCO, Orange City, IA, United States) (Figure 3). A set of 1-mm thick CT images was obtained using a CT simulator. Gross tumor volume (GTV) was determined using CT images and referencing the ophthalmoscopy and MRI findings. Clinical target volume (CTV) was the GTV plus 1 mm, and planning target volume (PTV) was the CTV plus a 1.0-mm margin. CIRT was performed with the anterior and right lateral portals. The total prescribed dose was 70.0 photon equivalent doses (GyE) in 5 fractions (Fx; 2 Fxs from the anterior portal and 3 Fxs from the right lateral portal) once daily, five times per week (Monday to Friday). Carbon ion doses were expressed in GyE, defined as the physical dose multiplied by the relative biological effectiveness (RBE) of the carbon ions, which was assumed to be 3.0[12].
After completing CIRT for choroidal melanoma, we continued with treating the right-sided lung cancer. The patient was immobilized in the prone position using a customized vacuum cushion and chest thermoplastic mask. CT images were obtained using four-dimensional CT (4DCT) with 3-mm thick images. GTV was delineated based on the 4DCT images, CTV was defined as GTV plus 5 mm, ITV was defined as CTV plus the tumor motion on the 4DCT images, and PTV was expanded by 5 mm based on ITV. The CIRT plan delivered 72 GyE to the target volume in 16 Fx using the broad-beam method once daily, five times per week (Monday to Friday). 
CIRT was planned using the carbon ion plan (ciPlan, version 1.0; IMP, Lanzhou, China). Treatment planning included a biologic treatment plan optimization procedure using the carbon ion Treat Plan (ciTreat) (version 1.0, IMP) treatment planning software system that considers local RBE values calculated by the ciPlan software based on the mixed beam model. 
Efficacy evaluation was performed based on the Response Evaluation Criteria in Solid Tumours version 1.1 guidelines. The Common Terminology Criteria for Adverse Events (CTCAE) version 5.0 guidelines were used to evaluate adverse events. The Radiation Therapy Oncology Group (RTOG) acute radiation injury classification criteria were used to evaluate radiation damage. During and after CIRT, there were only grade 1 adverse events and no grade ≥ 2 RTOG acute effects.

OUTCOME AND FOLLOW-UP
Ophthalmic examination before CIRT revealed complete loss of vision in the right eye. One month after CIRT, the patient’s right eye began to perceive light and continued to gradually improve. Table 1 presents findings of the ophthalmic examination. After 3 CIRT Fxs, mild right eye edema occurred. Upon CIRT completion, MRI demonstrated that the melanoma increased, with obvious retinal detachment (Figure 4A). One month after CIRT, the choroid tumor was smaller, and the retinal detachment was resolved (Figure 4B). Three months after CIRT, the right eye choroid tumor disappeared completely, achieving complete remission (CR) (Figure 5). The patient’s right eye vision slowly returned (Table 1). 
Before CIRT, the lung cancer size was 4.7 cm × 5.2 cm. After CIRT, it regressed to 4.2 cm × 3.5 cm after 1 mo, 3.6 cm × 2.5 cm after 3 mo, and completely disappeared after 7 mo, with only a small area of pulmonary fibrosis, also achieving CR (Figure 6). The CTCAE evaluation showed grade 1 radiation dermatitis and right eye edema.
We recommended that the patient receive chemotherapy and immunotherapy because of the high risk of metastasis from the two lesions. However, out of economic consideration, the patient refused further treatment and expressed that they and their family were content with the results, which already exceeded their expectations. The patient felt very satisfied with the CIRT treatment. Seven months after completing CIRT, the patient’s right eye vision was still weak, but no other treatment-related side effects were observed, and the patient felt good.

DISCUSSION
A middle vascular pigmented layer, including the iris, ciliary body, and choroid, comprises the uvea of the eye[13], and uveal tract melanomas are anterior or posterior tract lesions. Anterior tract melanomas involve the iris, and posterior tract melanomas involve the ciliary body and the choroid layer. Malignant uvea melanomas are more common in the choroid and ciliary body than in the iris.
Melanomas are highly malignant cancers[14]. There are several histological subgroups with various degrees of aggressive behavior and systemic metastases risk. Cytogenetic features, such as chromosome 3 monosomy and the mutations in the GNAQ and BAP1 genes, are also related to higher aggressiveness and systemic spread. Recently, PALB2 and MLH1 germline mutations were associated with a hereditary predisposition to the risk of uveal melanoma, and several other genes also have potential associations with uveal melanomas[15]. The clinical presentation of uveal melanoma relies on the mass location within the uveal tissue, size, pigmentation, associated bleeding, retinal detachment, inflammation, and extrascleral extension. Most patients experience decreased visual acuity and blurred vision[1]. Although there are many cutting-edge treatment techniques, visual prognosis is usually poor, and many patients develop functional blindness in the affected eye. Further, metastasis to the liver and other organs is a primary cause of death despite recent advances in medical therapy[16].
Most patients with uveal melanoma undergo enucleation. Globally, a relatively small population of patients receive some form of radiotherapy. The most common radiotherapy modalities for uveal melanoma are plaque brachytherapy and PRT. Brachytherapy is effective for small-to-medium-sized uveal melanomas with thicknesses of less than 7 mm, whereas PRT is used when the uveal melanoma is larger or closer to the optic disc or fovea, taking advantage of the Bragg peak and biological profile. Newer techniques, such as stereotactic radiosurgery with CyberKnife, achieve similar local control rates with eye retention to PRT but have a poorer post-treatment visual prognosis[17]. Carbon ion beams have unique physical and biological properties that make high-precision, high linear energy transfer (LET) radiotherapy[12]. For choroidal melanoma, high-dose radiation with excellent dose conformity is necessary for optimal results, similar to PRT and plaque brachytherapy. Therefore, we expected that CIRT was suitable for treating this tumor. Moreover, the high LET characteristics of carbon ions make it an effective treatment that is likely to achieve comparable tumor control with a lower dose than PRT. NIRS results have demonstrated that for choroidal melanoma, CIRT is at least comparable to PRT[18,19].
Multiple primary malignant neoplasms indicate the simultaneous presence of two or more primary malignancies of different histological types in the same patient, which can affect multiple tissues and organs[20]. Currently, the most accepted criteria for diagnosing primary malignant tumors are that each tumor should be histologically confirmed as malignant, occur in different parts or organs, differ regarding the histological, cytological, and morphological features and immunohistochemical phenotypes, and the possibility that one tumor is the metastasis of another must be completely excluded clinically, radiologically, and pathologically[21]. 

CONCLUSION
We report a case of synchronous lung cancer and choroid melanoma. Both lesions were treated with CIRT, resulting in their complete resolution. The patient is currently experiencing relapse-free survival 7 mo after completing CIRT. The treatment outcome suggests that CIRT is an effective option for synchronous double primary lung cancer and choroid melanoma, and favorable results are likely.
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Figure Legends
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Figure 1 Magnetic resonance imaging of the right eye showed an abnormal signal shadow behind the right eye bulb, short T1 and T2 signals, and high diffusion-weighted imaging signals.
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Figure 2 Ophthalmoscopy of the right eye. A, B: Solid dark gray mass in the posterior segment (choroid) with intense brown pigmentation, occupying posterior third of the vitreous chamber along with mild retinal detachment observed at the peripheral rim of the nodular choroidal mass. The mass size of 11.11 mm × 12.1 mm.
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Figure 3 Head immobilization with trUpoint.
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Figure 4 Images after 5 fractions of carbon ion radiotherapy, and 1 mo after carbon ion radiotherapy. A: The tumor is bigger, retinal detachment was obvious; B: The choroidal tumor of right eye was smaller and retinal detachment was improved. CIRT: Carbon ion radiotherapy.
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Figure 5 Choroidal tumor of the right eye disappeared completely 3 mo after carbon ion radiotherapy. A: T2W magnetic resonance imaging (MRI); B: T1W MRI.
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Figure 6 Images of lung tumor. A: Size of the lung tumor before carbon ion radiotherapy (CIRT) was 4.7 cm × 5.2 cm; B: Size of the lung tumor 1 mo after CIRT was 4.2 cm × 3.5 cm; C: At 3 mo after CIRT, the right lung tumor size was 3.6 cm × 2.5 cm; D: At 7 mo, the lung tumor disappeared completely, only showing a little pulmonary fibrosis.


Table 1 Ophthalmic examination
	
	Right
	Left

	
	VOD
	IOP, mmHg
	VOS
	IOP, mmHg

	Before CIRT
	HM/30 cm
	9.8 
	1.0
	16.4 

	1 mo after CIRT
	Light perception
	13.9 
	1.0
	18.8 

	2 mo after CIRT
	Hand motions
	11.0 
	0.8
	18.2 

	4 mo after CIRT
	0.02
	14.0 
	1.0
	15.2

	6 mo after CIRT
	0.04
	13.0
	1.0
	16.0


CIRT: Carbon ion radiotherapy; VOD: Vision right eye; VOS: Vision left eye; IOP: Intraocular pressure.
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