Pancreatic Metastases From Renal Cell Carcinoma Treated With Stereotactic Body Radiation Therapy 
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Figure 1: SBRT Treatment Plans


Figure 2: Case 1 CT Scan of Pancreatic Lesion Before and After SBRT


Figure 3: Case 2 CT Scan of Pancreatic Lesion Before and After SBRT
Case 1: A 75-year-old man presented with gastrointestinal bleeding 23 years after a nephrectomy for clear-cell kidney cancer (4 cm, Fuhrman grade 1/4). A CT scan showed a pancreatic head mass. An endoscopic ultrasound–guided biopsy was performed, which diagnosed metastatic renal cell carcinoma (RCC). The patient was evaluated for surgical resection, but was considered a poor candidate given his cardiovascular comorbidities and overall clinical picture. Additionally, retroperitoneal lymph nodes suspicious for metastatic disease were identified. He then started pazopanib and was initially found to have stable disease. After 11 months, he developed colonic pneumatosis and discontinued treatment because of possible drug-related bowel perforation. He then received second-line therapy with everolimus, but this agent was discontinued after 2 months due to angioedema. He was then started on sunitinib, and again needed dose reduction, this time because of increasing abdominal pain. 

His pancreatic metastases had decreased from 3.8 × 7.2 cm at the start of pazopanib therapy to 2.7 × 7.1 cm at the time of pazopanib discontinuation. He had no clear evidence of active metastatic disease at that time, and because of his poor tolerance of systemic therapy, he was evaluated for stereotactic body radiation therapy (SBRT) to the pancreatic tumor. He was treated with SBRT to the head of the pancreas, 2,500 cGy in 5 fractions, 500 cGy per fraction, given daily (Figure 1A). He tolerated the SBRT well, without any adverse events. Systemic therapy was not restarted. 
Seventeen months after the SBRT was completed, his pancreatic lesion had decreased in size to 1.1 × 2.3 cm, with decreased enhancement (Figure 2). The patient had minor intermittent back pain, mainly due to exercise; the pain was not believed to be related to the SBRT. Thus, with 17 months of follow-up, the treated pancreatic lesion had not progressed, and the patient was without symptoms. 
Case 2: A 64-year-old woman underwent right nephrectomy of an 11.5-cm clear-cell RCC, Fuhrman grade 3, with invasion of the perinephric adipose tissue. Initial staging scans were negative for metastatic disease; however, 6 months later, metastases were found in the abdominal wall, the nephrectomy bed, and the mediastinum. The patient was started on sorafenib but experienced a significant rash that led to treatment interruption shortly after initiation. She tolerated sorafenib reintroduction, but follow-up assessments showed rapidly progressive disease. She was switched to bevacizumab but experienced bleeding from her abdominal wall tumors; therapy was discontinued soon after starting. 
In light of her poor tolerance of systemic therapy, she underwent metastasectomies: open tumorectomy excision of the abdominal wall/skin tumor recurrence, tumorectomy of the renal fossa, and cryoablation of the RCC and perihilar lymphadenopathy. Shortly after these, restaging scans demonstrated innumerable bilateral lung nodules, and she was once again started on systemic therapy, this time with the experimental combination of sirolimus and erlotinib. After 2 months of therapy, imaging revealed lung and lymph node disease progression. She was then started on sunitinib therapy but had an enlarging lymph node in the aortopulmonary window. A left video-assisted thoracoscopic surgery for resection of the left aortopulmonary window metastases was performed, and the specimens obtained were consistent with RCC metastases. She resumed therapy until disease progression. 
A growing subcarinal lesion and a 2.4-cm pancreatic lesion were noted on restaging CT scans. She underwent fine-needle aspiration biopsy of the pancreatic lesion and the specimen obtained was consistent with metastatic RCC. The pancreatic disease was first noted 5.5 years after the initial diagnosis. She underwent SBRT to the subcarinal lymph node and the pancreatic lesion; both were treated with 4,000 cGy in 10 fractions, at 400 cGy per fraction, given daily (Figure 1B). She had no symptoms subsequent to the SBRT treatment, and her pancreatic enzymes remained within normal limits. 

After SBRT, and in light of her progressive disease, she was started on everolimus, but she developed drug-induced pneumonitis and the drug was discontinued. Pazopanib was administered, followed by axitinib, until she developed painful bone progression in the right humerus; on follow-up scans, the pancreatic lesion appeared atrophic, with a decrease in size to 10 × 6 mm and associated reduction in enhancement (Figure 3). She subsequently had a right proximal humerus resection of a 3.5-cm focus of metastatic RCC involving cancellous bone, and a prosthesis was placed. She was started on a phase I bevacizumab and programmed death ligand 1 (PD-L1) inhibitor protocol. 
She later developed extensive pelvic bone disease, stopped systemic treatment, and underwent orthopedic surgery for disease stabilization before entering hospice care. With 3 years of follow-up after SBRT for her pancreatic lesion, there was no progression or development of any symptoms from this malignant deposit.
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Discussion

The optimal treatment of metastatic disease to the pancreas has not been established, due to the rarity of this entity.[1] While several cancer types are known to spread to the pancreas, RCC is the most common source.[2] Surgery has been the most commonly used treatment modality, but surgery is associated with significant morbidity, and many patients are not candidates.[3] SBRT (sometimes informally called “stereotactic ablative body radiotherapy” to reflect the tumor-ablative effect[4]) is another emerging option. 

Studies of surgical resection as a treatment for isolated pancreatic metastases have been promising, with 5-year survival rates of 43% to 88% reported.[3] Many patients with advanced RCC are not candidates for pancreatic surgery for medical reasons, and metastatic pancreatic lesions are frequently technically unresectable, limiting the use of this approach.[5] In this scenario, other available treatment modalities that can control metastatic disease warrant investigation. Whether SBRT is able to control pancreatic disease and provide symptom palliation has not been determined. Historically, the utility of external beam radiotherapy with standard fractionation for RCC has been questioned,[6,7] but recent reports of high rates of local control with the use of SBRT to treat RCC have led to frequent use of SBRT in this setting.[8] 

Kidney cancer metastasizes to a wide range of body sites, including the viscera. Pancreas involvement of RCC occurs at a mean interval of about 10 years after nephrectomy (standard deviation = 6.5), and the two cases reported here illustrate this variability.[9] In a review of 236 cases of pancreatic metastases, 65% were symptomatic, mainly for abdominal pain (20%), gastrointestinal bleeding due to duodenal infiltration (20%), obstructive jaundice (9%), weight loss (9%), pancreatitis (3%), and diabetes (3%).[9] The patients described here experienced bleeding and pain related to pancreatic disease. The frequently symptomatic nature of pancreatic metastases typically warrants consideration of local intervention when feasible. 

Outcomes in patients with pancreatic disease who do not pursue resection are difficult to interpret, given the selection bias involved in choosing candidates able to undergo surgery. In a retrospective review of isolated pancreatic metastases from clear-cell RCC, 10 patients with unresected lesions were compared with 139 patients who had undergone radical resection. The actuarial 3- and 5-year survival rates of 21% and 0%, respectively, for unresected metastases were significantly poorer (P = .038) than those for the cohort with resected lesions (78% and 72%, respectively).[9] However, as in our patients, such a resection cannot always be performed; this is especially true of elderly patients not fit for surgery and those with unresectable tumors. The need for other treatment options beyond surgery is clear. Alternative local therapy approaches to the pancreas are limited to radiation therapy and radiofrequency ablation (RFA). Although RFA has been used previously for unresectable tumors in the liver, lung, bone, adrenal glands, breast, and other sites, the potential hazards of this technique’s application to the pancreas include thermal injury to the bile duct, duodenum, transverse colon, and portal vein. Additionally, acute necrotizing pancreatitis, pancreatic fistula, or pancreatic ascites can be induced.[10-12] 

RCC has been thought to be a relatively “radioresistant” tumor. This notion arose from the observation that higher doses of conventionally fractionated radiotherapy were needed to achieve the same level of clinical response achieved with lower doses in most other cancer types.[13] Preclinical data have demonstrated that the delivery of multi-session high-dose-per-fraction extracranial radiotherapy—or SBRT—has been shown to be effective in a preclinical model.[14] A recent review of the use of SBRT in patients with both primary and metastatic RCC tumors highlighted the successful clinical translation of SBRT and supported an apparent advantage for this modality over standard conventionally fractionated radiotherapy.[15] It is believed that high-dose-per-fraction radiotherapy triggers a rapid wave of endothelial apoptosis, with tumor cell death occurring 2 to 3 days later, and with the acid sphingomyelinase pathway implicated in this event; this could be a possible explanation for the superior clinical efficacy of SBRT in this setting.[16,17] 

The evidence for radiation therapy in the setting of pancreatic metastases is scarce. It is limited to a small case series in which four patients received standard 2-Gy fractions of radiation combined with immunotherapy.[18] While SBRT is increasingly described as a treatment modality for primary unresectable or oligometastatic disease in RCC, there is a paucity of reports of its use for the treatment of pancreatic RCC lesions. 

The largest case series of oligometastatic extracranial RCC tumors included 50 patients with 162 sites radiated, revealing a 90% overall response rate. Interestingly, in this series only one pancreatic lesion was treated. The lesion was adjacent to the stomach and duodenum, and the patient experienced a grade 5 side effect with a fatal gastric hemorrhage 4 months after SBRT.[19] The dosimetric details of that case are not included in this early report. This toxicity brings to mind a Danish study, reported around the same time, in which toxicities were observed in the treatment of primary pancreatic cancer when large volumes of bowel received a dose above 30 Gy in 3 fractions.[20] 

Fortunately, these cautionary lessons were heeded by later investigators, who successfully interdigitated SBRT with systemic chemotherapy to produce low rates of bowel toxicity in regimens that achieved outcomes that compete favorably with conventionally fractionated radiotherapy for pancreatic cancer.[21-23] 

In the 2010 QUANTEC (Quantitative Analyses of Normal Tissue Effects in the Clinic) study, sponsored jointly by the American Association of Physicists in Medicine and the American Society for Radiation Oncology, it was recommended that the maximum point dose to the small bowel should not exceed 30 Gy in a 3- to 5-fraction regimen.[24] This limit was respected in the first case described here; indeed, the dose employed was more conservative than is typically used for primary pancreatic cancer and was borrowed from the large number of reported experiences of preoperative radiotherapeutic treatment for rectal cancer, in which a low incidence of small bowel toxicity had been observed.[25] When there are anatomic constraints that prevent compliance with this limit, here at the University of Colorado, we generally employ an “SBRT-lite” regimen of 40 Gy in 10 fractions, as was done at the University of Rochester,[26] which permits liberalization of the maximum bowel dose constraints by virtue of the slightly more protracted fractionation schedule, yet still achieves very good durable local control for a range of target lesions.[27] This strategy was employed successfully in the second case reported here. 

How best to combine SBRT with either immunotherapeutic or molecularly targeted agents remains an active area of investigation. Provocative results demonstrating an intriguing abscopal effect have been seen with the combination of SBRT and interleukin-2.[28] In other settings where a targeted agent is achieving stable disease except for limited sites of oligoprogression, the selective use of SBRT and other locally ablative therapies can eradicate resistant clonogens and prolong the opportunity to access the active therapy.[29,30] 

Conclusion

With 17 and 36 months of follow-up, respectively, in our two patients, SBRT provided ongoing local control without significant concurrent or subsequent adverse events. With accumulating reports of the efficacy and tolerability of SBRT for metastatic RCC tumors at other sites, the consideration of SBRT in patients with pancreatic metastases is supported. 
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