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Disease control with sunitinib in advanced intrahepatic cholangiocarcinoma resistant to gemcitabine-oxaliplatin chemotherapy
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Abstract

Advanced cholangiocarcinoma is associated with poor prognostic survival and has limited therapeutic options available at present. The importance of angiogenesis and expression of pro-angiogenic factors in intrahepatic forms of cholangiocarcinoma suggest that therapies targeting angiogenesis might be useful for the treatment of this disease. Here we report three cases of patients with advanced intrahepatic cholangiocarcinoma progressive after standard chemotherapy and treated with sunitinib 50 mg/d in 6-wk cycles of 4 weeks on treatment followed by 2 wk off treatment (Schedule 4/2). In all three patients, sunitinib treatment was associated with a sustained disease control superior to 4 mo, patients achieving either a partial response or stable disease. A reduction in tumor size and density was observed in all cases, suggesting tumor necrosis as a result of sunitinib treatment in these patients. In addition, sunitinib was generally well tolerated and the occurrence of side effects was managed with standard medical interventions, as required.  Our results suggest that sunitinib therapy may be associated with favorable outcomes and tolerability in patients with advanced cholangiocarcinoma. Those observations contributed to launch a prospective phase II multicenter trial investigating sunitinib in advanced intrahepatic cholangiocarcinoma (SUN-CK study; NCT01718327).
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Core tip: No systemic therapy after progression on platinum-based chemotherapy is currently approved. Based on imaging hypervascular pattern and molecular expression of vascular endothelial growth factor, we evaluated sunitinib, a multikinase inhibitor as second line treatment in patients with advanced intrahepatic cholangiocarcinoma. We report 3 cases of disease control lasting 4-16 mo that provide the rational for developing prospective clinical trials with sunitinib in second line for advanced intrahepatic cholangiocarcinoma.
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INTRODUCTION
While cholangiocarcinoma is the second-most common primary hepatic tumor after hepatocellular carcinoma (HCC), it is a rare disease for which there are few therapeutic options[1]. The only curative treatment is surgical resection; however, this is only viable for localized disease. Resectable cholangiocarcinoma is associated with frequent recurrences and a five-year survival rate of 20%-40% following surgery[1]. Treatment with cisplatin plus gemcitabine is associated with moderate efficacy when disease recurs[2]; however, for patients presenting with disease progression following first-line therapy, there is currently no consensus on the best treatment option.
Angiogenesis and the expression of pro-angiogenic factors, such as vascular endothelial growth factor (VEGF) and platelet-derived growth factor (PDGF), play an important role in the pathogenesis of biliary tract cancers, including cholangiocarcinoma[3–5]. In addition, an association between microvessel density and inferior curative resection rate and local recurrence has also been observed[6]. In addition, our pathology team and other have showed that intrahepatic forms of cholangiocarcinoma are associated with high VEGF expression in comparison to hilar cholangiocarcinoma and that VEGF expression level correlates with poor prognosis[7,8]. Anti-angiogenic agents, such as the humanized anti-VEGF receptor (VEGFR) monoclonal antibody, bevacizumab, in combination with the receptor tyrosine kinase inhibitor (TKI) erlotinib, have demonstrated activity in biliary tract carcinomas. In one study, among 49 patients with unresectable biliary tract cancer treated with bevacizumab 5 mg/kg intravenously on Days 1 and 15 and erlotinib 150 mg by continuous daily dosing, time to progression was 4.4 mo and 6 patients demonstrated a partial response (PR)[9]. Targeted agents, such as sorafenib, are now commonly used in HCC, another disease in which angiogenesis plays an integral role, yielding prolonged survival with acceptable toxicity[10]. Recent advances in the knowledge of molecular alterations underlying cholangiocarcinoma support the need of better patient selection for appropriate medical therapy in this disease[11]. Together, those data suggest that anti-angiogenic therapy may confer benefits in the treatment of particular subtypes of cholangiocarcinoma.
We report here three cases of patients with recurrent intrahepatic cholangiocarcinoma who showed promising results under therapy with sunitinib, in the absence of other validated therapeutic options. 
CASE REPOET
Case 1: 39-year-old woman

The patient, referred to our center for an intrahepatic tumor in the right lobe of the liver revealed by abdominal pain and was treated with surgical resection. Pathological examination showed a 10 cm cholangiocarcinoma, with multiple satellite nodules and vascular, perineural, and regional lymph node involvement. Given the presence of multiple risk factors for recurrence, including large tumor size, multifocal nature, and lymph node involvement, adjuvant combination chemotherapy with 6 mo of gemcitabine 1000 mg/m² and oxaliplatin 85 mg/m² every two weeks was initiated after multidisciplinary consultation and patient consent. Four months after completion of adjuvant chemotherapy, intrahepatic recurrence in liver right lobe was diagnosed on computed tomography (CT) scan, and second-line chemotherapy with irinotecan plus 5-fluorouracil (5-FU) and leucovorin (FOLFIRI) (irinotecan 180 mg/m², 5-FU 400 mg/m² bolus, leucovorin 400 mg/m² then 5-FU 2400 mg/m² as a 47-h infusion every two weeks) was initiated. After three months of treatment, the patient exhibited stable disease (SD) and therapy was continued for an additional three months. At the time of second evaluation (following 6 mo of FOLFIRI therapy; 18 mo after initial diagnosis), a CT scan showed tumor progression with peripheral rim enhancement suggesting hypervascular lesions (Figure 1A). As the patient was young with excellent performance status (PS) and with vascularized lesions on CT scans, treatment with sunitinib 50 mg/d on schedule 4/2 (4 wk on treatment followed by two weeks off treatment) was initiated. An early CT scan was performed after one month of treatment and showed the lesions to be hypodense, suggesting decrease tumor vasculature induced by anti-angiogenic treatment. After two months of treatment, the dose of sunitinib was reduced to 37.5 mg/d due to treatment-related grade 3 thrombocytopenia, asthenia and peripheral edema. Following four months of treatment, the patient had SD with disappearance of the hypervascular aspect of the tumor lesions (Figure 1B). In the context of persistent tumor stabilization in a young patient with excellent, sustained PS (0), surgical resection of the recurrent tumor was performed, consisting of repeated right hepatectomy associated with resection of segment IV. Sunitinib was stopped 3 wk before surgery. Pathological examination confirmed the diagnosis of a multifocal cholangiocarcinoma, consisting of tumor nodules with a fibro-hyaline center with multifocal vascular involvement. Sunitinib treatment was resumed three weeks after surgery at a dose of 37.5 mg/d but had to be stopped two months later due to a biliary fistula. Since the performance status of the patient further deteriorated, she was transferred to a palliative care unit in a primary center care close her home; the last news being available eight months after the second surgery.
Case 2: 64-year-old man
The patient complained for 6 mo of intermittent abdominal pain; imaging including CT-scan and MRI revealed a 6 cm tumor of the segment 6 of liver. A biopsy was performed and showed a low-differentiated carcinoma proliferation but immunohistochemistry staining was inconclusive. A right hepatectomy was performed. Final pathological examination and immunoassaying of the surgical specimen confirmed the diagnosis of an 8 cm intrahepatic cholangiocarcinoma with satellite nodules, vascular embolism and perineural involvement. Given the risk factors of recurrence, six months of adjuvant combination chemotherapy with gemcitabine 1000 mg/m² and oxaliplatin 85 mg/m² (GEMOX) every 15 d was administered. One month after completion of adjuvant chemotherapy, a 6 cm retroperitoneal lymphadenopathy was detected by CT scan (Figure 2A). As this was a unique recurrence in a patient with excellent PS (0), lymph node dissection was scheduled. However during the explorative laparotomy, the lesion was deemed unresectable due to regional tumor adherences. After multidisciplinary discussion and patient consent, systemic therapy with sunitinib 50 mg/day on schedule 4/2 was initiated. After one month of treatment, CT scan showed extensive hypodensity of the lesion suggesting tumor necrosis, although sunitinib dose reduction to 37.5 mg/d was required due to treatment-related grade 3 thrombocytopenia. No further major toxicity was observed following dose reduction of sunitinib. After three months of treatment, CT scan showed a 25% reduction in tumor size, and sunitinib was recommenced at 37.5 mg/d with good tolerability. After four months of treatment, a PR, according to the Response Evaluation Criteria in Solid Tumors (RECIST) criteria, was observed with increased necrosis of the tumor (Figure 2B). Sunitinib treatment was maintained for a total of 18 months before disease progression was observed. The patient further developed jaundiced due to biliary compression requiring biliary stents. Gradually his general condition deteriorated and he died 7 months after sunitinib interruption.
Case 3: 36-year-old woman

The third patient was diagnosed with an intrahepatic cholangiocarcinoma, associated with epigastric pain. Ultrasound examination revealed a 6 cm tumor in the left lobe of the liver, and a 9 mm satellite nodule in the right lobe. The patient was treated with six cycles of GEMOX (gemcitabine 1000 mg/m², oxaliplatin 85 mg/m²), which was well tolerated. CT scan demonstrated stable disease in the left lobe of the liver but the occurrence of new lesions in the right lobe. Because of this tumor progression, treatment was changed to a combination of cisplatin and epirubicin. After nine treatment cycles, a further CT scan revealed again tumor progression. As the patient had a good PS (0), treatment was initiated with sunitinib 50 mg/d on Schedule 4/2 after multidisciplinary discussion and patient consent. A CT scan performed three weeks after initiating sunitinib treatment demonstrated tumor hypodensity and a 15% reduction in lesion size. Following three months of treatment, the lesions were stable and the patient experienced moderate toxicity with grade 1 asthenia, grade 1 hypertension, and grade 3 thrombocytopenia. Subsequently, sunitinib treatment was continued at a dose of 37.5 mg/d. After a total of eight months of sunitinib treatment with good tolerability, progression of the right liver lesions was observed, and the treatment was interrupted. The patient general condition further deteriorated, therefore she returned to her original country for palliative care management; the last news being available at the time of the end of sunitinib treatment.
DISCUSSION
Here we report the cases of three patients treated with sunitinib for intrahepatic cholangiocarcinoma with progressive disease following surgery (two patients) and chemotherapy. Sunitinib-associated toxicity was acceptable after dose reduction from 50 mg/d to 37.5 mg/d. Treatment duration was prolonged (6-12 mo), and was associated with a PR in one patient, and SD with tumor hypodensity on CT scans in two patients. These results are promising in a setting where few therapeutic options are available. Our results support the investigation of sunitinib in clinical trials in patients with good PS who are not responsive to chemotherapy, and especially in those with an intrahepatic type of cholangiocarcinoma displaying hypervascular features.
Cholangiocarcinoma represents a tumor type with many unmet medical needs[12]. Recent data have demonstrated the efficacy of chemotherapy in other related tumors for which limited treatment options are available. As a reference for first-line treatment, the ABC-02 randomized trial of 410 patients with locally advanced or metastatic cholangiocarcinoma, gallbladder cancer, or ampullary cancer, showed that cisplatin combined with gemcitabine was associated with a significant survival advantage, versus gemcitabine alone, for up to 24 wk [median overall survival (OS) 11.7 mo vs 8.1 mo, respectively; hazard ratio (HR) 0.64; 95%CI: 0.52-0.80; P < 0.001][2]. 

Angiogenesis plays an important role in tumor growth and survival. The negative prognostic value of angiogenesis has been shown in cholangiocarcinoma, although vascular density is lower in this disease than in HCC[13]. In a study in 22 patients undergoing surgical resection for intrahepatic cholangiocarcinoma, increased microvessel density was associated with both poor prognosis and the presence of intra-hepatic metastases[14]. Moreover, there was a correlation between microvessel density and the levels of both VEGF and angiopoietin-2[13]. In addition, VEGF expression is especially important in intrahepatic cholangiocarcinoma, suggesting a potential benefit of anti-angiogenic agents in this particular subtype of tumors[7]. 
Thrombospondin 1 (TSP1) is also implicated in angiogenesis, although its role remains controversial. TSP1 was found to be overexpressed in tumor cells when compared with normal cells[11]. However, the risk of intrahepatic metastasis was found to be higher in cholangiocarcinomas with low levels of TSP1[15]. Moreover, a correlation was shown between levels of VEGF and lymph node involvement in a series of 36 intrahepatic cholangiocarcinomas[16].
Sunitinib is an oral multi-tyrosine kinases inhibitor targeting VEGFR, PDGFR, stem-cell factor receptor and fetal liver tyrosine kinase receptor 3. Sunitinib has shown potent antitumor and antiangiogenic activities with acceptable safety profile in patients with advanced solid tumors[17,18]. Adverse events related to sunitinib are generally manageable, the most common side effects including asthenia, hand-foot syndrome, and hematological toxicities. Taken together, there is a strong rational to evaluate antiangiogenics, including sunitinib, in patients with intrahepatic forms of cholangiocarcinoma.

Three previous phase II trials in unselected subtypes of cholangiocarcinoma report disparate results. In the first study, where 31 eligible patients were treated in the first-line setting with sorafenib[19], median OS was nine months and median PFS was 3 mo. Two patients achieved an unconfirmed PR and ten patients demonstrated SD. In another trial of 46 patients treated with sorafenib, one patient achieved PR and nine exhibited SD[20]. The third study investigated combination therapy with bevacizumab and erlotinib as first-line therapy[6]. Of 20 evaluable patients, four achieved PR and seven achieved SD lasting more than four months.

Of note, evaluation of tumor response is difficult in patients treated with anti-angiogenic agents for primary liver tumors. The most common evaluation criteria (RECIST) are based exclusively on tumor size. Other composite criteria, such as the Choi criteria, provide an alternative as they consider both tumor size and tumor density, particularly as anti-angiogenic agents may render a tumor hypodense without size modification[21,22]. However, these criteria require validation in large patient cohorts.
Based on the rationale to target VEGF pathways and those encouraging results in selected cases, our team has launched a prospective multicenter phase II trial to investigate the activity of sunitinib in second line for patients with advanced intrahepatic cholangiocarcinoma previously treated with chemotherapy (SUN-CK trial; NCT01718327).
COMMENTS
Case characteristics
Three cases of recurrent/advanced intrahepatic cholangiocarcinoma; all cases presented with no specific symptoms including abdominal pain.
Clinical diagnosis
The initial clinical presentation of cases had low clinical relevance; in all cases positive diagnosis was confirmed histologically.
Differential diagnosis

Hepatocellular carcinoma was the main differential diagnosis.  Imaging features were not typical of hepatocellular carcinoma but suggested cholangiocarcinoma imaging diagnosis. Differential diagnosis was excluded by histological examination in all 3 patients.
Laboratory diagnosis

No remarkable or specific findings were observed in those cases.

Imaging diagnosis

CT scan showed lesions in the liver (Cases 1 and 3) or lymph nodes (Case 2) with contrast update at the arterial phase suggesting hypervascularisation of tumor lesions. Upon sunitinib treatment all target lesions showed decrease in density compatible with sunitinib antiangiogenic effects.
Pathological diagnosis
For all cases, histological examination showed phenotypical features of cholangiocarcinoma ; immunohistochemical staining confirmed the diagnosis with positivity for CK7 and CK20 but negativity for anti-hepatocyte and glypican.
Treatment

All patients received sunitinib at the time of progression after conventional chemotherapy. Two cases received sunitinib as a third-line option after progression on platinum-based chemotherapy and one case as second-line treatment after progression on GEMOX regimen. 
Related reports
In the literature, many preclinical and clinical data have shown the rational to block angiogenesis pathways in cholangiocarcinoma. However, few data are available evaluating antiangiogenic agents in the specific subtype of intrahepatic cholangiocarcinoma.
Term explanation 

Cholangiocarcinoma is a group of heterogeneous tumors including intrahepatic, perihilar and distal cholangiocarcinomas.  It is the second most frequent primitive liver malignancy after hepatocellular carcinoma and the incidence of intrahepatic cholangiocarcinoma is increasing worldwide. 
Experiences and lessons

Those cases reports showed promising results of sunitinib in chemotherapy-pretreated patients with advanced cholangiocarcinoma. These results support the concept to target deregulated signaling pathways in this disease, here VEGFR signaling pathway in the intrahepatic subtype of cholangiocarcinoma. Based on these observations, a prospective phase II study has been launched in France evaluating sunitinb as second-line treatment in patients progressive and/or intolerant to chemotherapy. 
Peer-review

The manuscript addresses the question of second-line treatment where no standard of care is available for advanced cholangiocarcinoma. Those results support the investigation of targeted agents blocking angiogenesis in advanced intrahepatic forms of cholangiocarcinoma.
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Figure 1 Computed tomography scans (A) prior to and (B) 4 mo after initiating sunitinib treatment, demonstrating density variation of three target lesions (arrows) in the liver. Baseline computed tomography (CT) shows heterogeneous lesions with contrast-enhanced peripheral ring, while post-treatment CT shows disappearance of the hypervascular aspect of the three lesions.
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Figure 2 Computed tomography scans (A) prior to and (B) 4 mo after initiating sunitinib treatment, showing a partial response according to RECIST criteria of a retroperitoneal lymphadenopathy (arrow), and a decrease in tumor density.
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