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Abstract

Treatment of synchronous prostate and rectal cancers is a rare yet challenging problem

with compounded toxicities. We report a case of a 65-year-old man who underwent

proton beam therapy (PBT) with concurrent capecitabine and hormonal therapy for his

synchronously found prostate (intermediate-risk) and rectal (cT2, N2b, stage IIIB)

cancers; he also received low anterior resection. Before PBT, the patient experienced

hematochezia. His baseline American Urological Association symptom score was a total

of 0, and he was not sexually active. He completed PBT with grade 1 acute toxicities

including fatigue, nausea, and increased urinary and bowel frequencies. He also

developed mild anemia (10.7), which was resolved. Subsequent surgical pathology

showed a pathologic complete response in his rectum. At follow-up of 2.5 years, he

remained disease-free on surveillance imaging for both malignancies and reported

increased bowel urgency and frequency, minimal urinary leakage when having urgency,

and peripheral neuropathy. This case, along with a succinct literature review,

demonstrates that PBT can be successful in the definitive treatment of synchronous

prostate and rectal cancers with minimal toxicities. Further research is required to

evaluate the efficacy and side effect profiles of PBT.
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Introduction

Prostate and colorectal cancers are common malignancies, and radiation therapy (RT)

plays a significant therapeutic role in both cancers. They both have high incidences in

males; however, cases of synchronous prostate and rectal cancers are rare [1, 2]. A

recent study reported metachronous colorectal and prostate cancers found in 6 (0.16%)

of 3722 patients [3]. Separately, if detected early, these cancers are often curable with

manageable treatment-related side effects. Treatment options include radiation therapy

and surgery for rectal cancer and external beam radiation therapy for localized prostate

cancer [4, 5]. However, the optimal multimodality management including options for

various RT strategies for patients with synchronous prostate and rectal cancers is much

less known. In the treatment of prostate cancer, lower late gastrointestinal (GI) toxicity

rates have been reported with delivery of dose-escalated RT using proton beam therapy

(PBT) or intensity-modulated radiation therapy (IMRT) compared to 3D conformal
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radiation therapy (3DCRT) [6]. Postprostatectomy PBT has also been shown to minimize low-range bladder and rectal doses

relative to IMRT [7]. In the treatment of rectal cancer, dose-volume histogram analyses reveal significantly reduced doses to

organs at risk (OARs), including the small bowel, testes, and bladder, using protons versus RapidArc, IMRT, and 3DCRT [8].

Here, we describe a case wherein the patient was treated with PBT with concurrent chemotherapy and hormonal therapy.

Clinical pearls, oncologic rationales, and RT-based principles are comprehensively discussed.

Case Report
A 65-year-old man with synchronous prostate and rectal cancers was referred to us in August 2017. His baseline health was

excellent. He experienced hematochezia, decreased stool caliber, and sensation of incomplete stool emptying at presentation.

Laboratory findings included a carcinoembryonic antigen (CEA) level of 6.8 ng/mL. He underwent a colonoscopy that revealed

a fungating, nonobstructive mass in the high rectum. Biopsy demonstrated an invasive moderately differentiated

adenocarcinoma. Computed tomography abdomen/pelvis showed no evidence of metastases. Magnetic resonance imaging

(MRI) demonstrated a clinical T2, N2b, stage IIIB, 2.8-cm rectal tumor (AJCC 8th edition [9]), along with a suspicious 1.6-cm

lesion in the posteromedial aspect of the peripheral zone at the mid prostate that was clinically palpable. His total prostate-

specific antigen (PSA) level was 14.1 ng/mL. A subsequent prostate biopsy confirmed adenocarcinoma, which was staged as

Gleason 4þ3, cT2a, N0, M0, intermediate-risk (Figure 1).

Before treatment, his American Urological Association (AUA) symptom score was 0 of 35 at baseline. He was able to have

erections but had not been sexually active. After a multidisciplinary discussion, the patient commenced PBT targeting both the

rectum and the prostate, along with RT to pelvic nodes. For his rectal cancer, he received preoperative chemoradiation therapy

with 50 GyE in 25 fractions (including the entire prostatic volume) and concurrent capecitabine. He received a boost of 78 GyE

in 39 fractions to the prostate via a sequential boost plan (Figure 2). The initial rectal plus prostatic plan was given by 2

posterior beams (T270G150 and T270G185 beam angles), and the prostatic boost plan was given by opposed lateral beams.

The patient was simulated in the supine position with standard pelvic immobilization and a full bladder. A rectal balloon was not

used. Robust optimization was used and planned to the clinical target volume. Ultrasound-guided prostate marker seeds were

used for daily image guidance. Dosimetric constraints used for the bladder (V80Gy � 10%, V75Gy � 15%, V65Gy � 40%),

rectum (D2cc , 81Gy, V70Gy � 15%, V60Gy � 30%), and small bowel (max point dose , 52 Gy, V50Gy , 2 cm3,

V45Gy , 150 cm3) were met with the intensity-modulated proton therapy plan. A comparison plan is provided in Table 1. He

completed the prescribed course of RT, concurrent chemotherapy, and 6 months of concurrent leuprolide therapy with no grade

3 or greater toxicities. In January 2018, MRI of the pelvis demonstrated significant decrease in size of the rectal mass. His total

PSA level was 0.22 ng/mL. In February 2018, the patient underwent a robotic-assisted low anterior resection (LAR) with diverting

loop ileostomy and bilateral ureteral stent placement. Final rectal pathology revealed a complete pathologic response including

negative lymph nodes. The patient then completed 6 cycles of adjuvant XELOX chemotherapy. In August 2018, his AUA score

remained at 0, and he reported no pain, urinary incontinence, dysuria, or hematuria. He had lost his erectile function.

The patient completed ileostomy closure in February 2019, and his PSA level was 0.32 ng/mL at that time. Colonoscopy

findings in May 2019 were normal. He reported no dysuria or hematuria. He reported regular bowel movements and formed

Figure 1. Sagittal (A) and axial (B) T1 MRI images with contrast showing a hypervascular mass involving the posterior rectum without evidence of

extension into the perirectal fat (a T2 lesion). (C) Axial T2 MRI image showing a hypointense lesion in the posteromedial aspect of the peripheral zone of

the mid prostate gland (organ confined and without extracapsular extension). Abbreviation: MRI, magnetic resonance imaging.
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stools, with slightly increased bowel urgency and frequency since ileostomy closure. In February 2020, he reported occasional

minimal urinary leakage. His AUA score remained stable at 15 points. At his latest follow-up, in December 2020 (37 months

since end of PBT), he reported only grade 1 chronic side effects. Regarding GI symptoms, he reported tenesmus leading to 2

to 5 bowel movements per day with formed stool. He reported no fecal incontinence or hematochezia. For genitourinary

symptoms, his total AUA score was 10 (moderate), and he reported increased urgency, frequency, and difficulty emptying the

bladder. He reported no hematuria or urinary incontinence. He continued to have no erectile function. His Eastern Cooperative

Oncology Group (0000) score was 0. His PSA level was 0.35 ng/mL, and his CEA level was 2.5 ng/mL. Surveillance imaging

showed no evidence of new metastatic disease from either cancer.

Discussion
In our case study with follow-up of 3 years, we demonstrated that PBT for both prostate and rectal cancer was safe and

efficacious. To our knowledge, this is the first known report of PBT use in the treatment of synchronous rectal and prostate

cancers.

Figure 2. Axial (A) and sagittal (B) view of the proton beam therapy plan, encompassing irradiated volumes for both prostate and rectal cancers in a 65-

year-old male patient. The GTV and CTV are shown here as CTV4500 (green, elective pelvic nodal volume), CTV5000 (rectal and prostate volumes,

red), CTV7800 (sequential boost volume for prostate, blue), and GTV5000 (rectal and prostate volumes, cyan). Axial (C) and sagittal (D) images

represent the same view levels of an IMRT comparison plan accordingly. Abbreviations: CTV, clinical target volume; GTV, gross target volume; IMRT,

intensity-modulated radiation therapy.
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A meta-analysis found that use of PBT or IMRT was associated with significant decreases in the reported rate of severe GI

toxicity as compared to 3D RT [6]. Postprostatectomy PBT has also been shown to minimize low-range bladder and rectal

doses relative to IMRT, while further studies are needed to determine whether dosimetric differences will confer clinically

meaningful differences in long-term outcomes [7]. In the treatment of rectal cancer, dose-volume histogram analyses reveal

significantly reduced doses to OARs, including the small bowel, testes, and bladder, using protons versus RapidArc, IMRT,

and including 3DCRT [8]. In several dosimetric analyses, PBT has also been shown to reduce V5Gy, V10Gy, V15Gy, and

V20Gy to bone marrow, V10Gy and V20Gy to small bowel, and V40Gy to the bladder [8, 10–13]. Lower V10 to the pelvic bone

marrow has been associated with lower rates of significant cytopenia for patients being treated with pelvic radiation [14]. Thus,

bone marrow sparing may particularly benefit patients undergoing myelosuppressive chemotherapy [15]. Although there is no

conclusive evidence that PBT is superior to IMRT for either prostate cancer or rectal cancer individually, this case report

highlights the safety and efficacy of synchronous treatment with PBT. Further studies are needed to determine whether the

dosimetric advantages of PBT in comparison to IMRT are clinically relevant.

Research on curative treatment options for both synchronous prostate and rectal cancers is limited (Table 2). In 2 case

series, radical retropubic prostatectomy was safely performed with rectal resection [16, 17]. However, risk of urinary

incontinence or fistula formation between the bowel and bladder due to overlying anastomoses is a major concern with

combined proctectomy and LAR of the rectum [16, 17]. In the first study, 1 patient experienced an early postoperative small-

bowel obstruction and ischemic colostomy, and another patient developed strictures of the rectal anastomosis and bladder

anastomosis [16]. In the second study, 2 patients remained asymptomatic after 20 and 24 months of follow-up after surgery,

while another developed recurrence 47 months after surgery [17]. In patients with synchronous rectal and prostate cancers,

treatment of both tumors with RT, 3DCRT, and IMRT, and concomitant 5-fluorouracil has been documented [18–20]. However,

the delivered doses were less than the recommended 78 Gy to the prostate in the modern era, and 1 patient treated with

hypofractionated RT to the prostate experienced grade 2 enteritis [19]. Qiu et al [21] published a case series where RT was

delivered by external beam RT and a brachytherapy boost followed by anterior resection in 4 patients, one of whom

experienced a grade 3 GI toxicity (precluding receipt of adjuvant chemotherapy and ileostomy reversal). In a 5-patient

retrospective review, postoperative morbidity included wound infection (2 patients), intra-abdominal collection requiring

drainage (1 patient), and common peroneal neuropathy (1 patient) [22]. In a more recent retrospective review of 10 patients

who were treated with IMRT or 3DCRT, chemotherapy, and surgery, 9 patients remained alive, either with no evidence of

disease (5 patients) or living with metastatic disease (4 patients) [23]. Significant late toxicities were found.

Studies have demonstrated the potential dosimetric benefits of PBT in the treatment of rectal and prostate cancers

separately, including significant sparing of bone marrow for future systemic therapies [24, 25]. Reducing irradiated bowel

volume may also allow for dose escalation in future studies, which was a limiting factor in a prior phase II trial (RTOG 0247)

Table 1. Proton versus IMRT dose to organs at risk for a patient

with rectal and prostatic carcinomas.

Dosimetric parameters Protons (IMPT) IMRT

Bladder

V80Gy (%) 0.0 0.3

V75Gy (%) 5.0 2.9

V70Gy (%) 7.6 5.1

V65Gy (%) 9.8 9.3

V40Gy (cm3) 67 109

Rectum

V75Gy (%) 7.7 1.4

V70Gy (%) 13.0 5.3

V60Gy (%) 21.9 24.0

V40Gy (cm3) 52 99

Small bowel

Max dose (Gy) 50.9 52.8

V30Gy (cm3) 5.2 10.8

Abbreviations: IMPT, intensity-modulated proton therapy; IMRT, intensity-

modulated radiation therapy.
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[26]. Proton beam therapy may play a significant role in limiting long-term toxicities for patients with synchronous pelvic

malignancies.

In summary, we demonstrated that PBT with concurrent chemotherapy and hormonal therapy can be successful for

synchronous prostate and rectal cancers. The superior dosimetric advantages and lower delivered dose outside of the target

tissue afforded by PBT may have contributed to the therapeutic success for this case with minimal bowel and urinary toxicities

and myelosuppression in the long-term. Further studies with more patients are needed to evaluate the efficacy of PBT in the

treatment of synchronous pelvic cancers in the future.
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