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Background

Gallbladder cancer (GBC) is the most common and devastating tumor type of biliary tract cancer (BTC) with poor outcomes. A new combined regimen of gemcitabine, cisplatin, plus nab-paclitaxel is currently considered an effective option for patients with advanced BTC following the results of a phase II trial. In addition, maintenance therapy after first-line treatment has been shown to improve disease control rate of various solid tumors but has not been evaluated for GBC patients. The scenario we report herein is of a metastatic GBC patient treated with the triple-drug regimen followed by maintenance therapy with capecitabine or S-1, who achieved a long-term survival benefit.



Case Presentation

A 68-year-old man was diagnosed with gallbladder adenocarcinoma with liver, supra-diaphragmatic, and abdominal lymph node metastases (cT3N2M1, stage IVB). Partial response (PR) was achieved after five cycles of gemcitabine and cisplatin chemotherapy. A further three cycles of nab-paclitaxel plus gemcitabine-cisplatin regimen yielded a complete response of all tumor lesions. Subsequent administration of maintenance therapy with capecitabine followed by S-1 achieved a disease-free survival of 15 months for the patient. Moreover, the patient remained responsive to this triple-drug regimen when the disease progressed, achieving PR after two cycles of chemotherapy. Overall, the treatment regimens were well tolerated with no grade 3 or higher adverse effects occurring. Notably, the serum carbohydrate antigen 199 (CA199) levels were closely related to the treatment response and increased before the lesions were found on PET-CT during follow-up.



Conclusion

Our findings suggested that adding nab-paclitaxel into gemcitabine-cisplatin regimen may result in a favorable efficacy in patients with advanced GBC. Further maintenance therapy with capecitabine or S-1 after first-line therapy appeared to be a reasonable option for these patients, and it is valuable to monitor CA199 levels during treatment and follow-up.
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Introduction

Biliary tract cancer (BTC) is a rare but invasive malignancy including intrahepatic cholangiocarcinoma (ICC), extrahepatic cholangiocarcinoma (ECC), and gallbladder cancer (GBC), of which GBC is the most common and lethal tumor type, accounting for approximately 60%–70% of cases (1–3). Routine cholecystectomy has reduced the incidence of GBC, with 219,420 new cases and 165,087 associated deaths being estimated worldwide in 2018 (4–6). Radical surgery is the cornerstone for curing GBC patients. However, most GBC patients present at an advanced stage and miss the opportunity for surgical treatment and even undergoing radical surgical treatment, and more than 60% of patients still experience tumor recurrence (7, 8). The gemcitabine-cisplatin regimen is currently the standard first-line therapy engaged in advanced BTC patients with a median overall survival (OS) of less than 1 year (9). Consequently, it remains imperative to explore new treatment modalities to improve the prognosis of these patients.

Preclinical and clinical trials have illustrated that nab-paclitaxel increased the intra-tumor concentration of gemcitabine by decreasing the gemcitabine metabolizing enzyme, cytidine deaminase (10, 11). Based on the synergistic antitumor effects of nab-paclitaxel and gemcitabine, the combined regimen was proved suitable as first-line treatment option for advanced pancreatic cancer (12). A phase II, single-arm trial has for the first time demonstrated that adding nab-paclitaxel to gemcitabine-cisplatin therapy prolonged progression-free survival (PFS) and OS for patients with advanced BTC (13); more evidence is needed to confirm this conclusion. In addition, maintenance therapy has been demonstrated with favorable survival benefits in a variety of solid tumors (14–18). Nevertheless, it is unclear whether patients with advanced GBC should receive maintenance therapy after first-line treatment. Furthermore, no reliable tumor markers are available to monitor the status of GBC patients who are vulnerable to recurrence and metastasis. Herein, we presented a case of an advanced GBC patient who achieved a complete response (CR) and long-term disease-free survival (DFS) after treatment with nab-paclitaxel plus gemcitabine-cisplatin followed by maintenance therapy with capecitabine or S-1. Furthermore, we reported that serum carbohydrate antigen 199 (CA199) levels were closely related to the treatment response throughout the treatment process.



Case Description

In November 2018, a 68-year-old man was admitted to our center with chief complaints of a significant increase in CA199 (>1,000.00 U/ml) without any other discomfort. Four months prior, he had been clinically diagnosed with GBC due to an elevated CA199 (>1000.00 U/ml) and gallbladder occupancy found in his physical examination. He underwent radical surgery at a local hospital. His postoperative pathology confirmed the diagnosis of GBC, and suggested a stage of pT3N1M0, stage IIIB according to the National Comprehensive Cancer Network staging criteria (Figure 1). After surgery, the serum CA199 level decreased to 80 U/ml (Figure 2). The patient did not undergo any postoperative adjuvant therapy. He had been generally fit, except for a 10-year history of hypertension and used propranolol for high blood pressure, which was well controlled. His Eastern Cooperative Oncology Group (ECOG) performance status on admission was 1. In December 2018, a fluorodeoxyglucose (FDG)-positron emission tomography computed tomography (PET-CT) at our hospital revealed multiple masses in the liver, extensive lymph nodes enlargement involving the anterior abdominal aorta, lesser omentum, and anterior supra-diaphragmatic, all with high FDG accumulation; and multiple nodules in the lung were considered inflammatory nodules (Figure 1). Detection of tumor markers showed that CA199 was >1,000.00 U/ml and carcinoembryonic antigen (CEA) was 21.63 ng/ml (Figure 2). A pathological consultation was performed in our hospital, and pathological diagnosis of adenocarcinoma was established. He was diagnosed with gallbladder adenocarcinoma with liver, supra-diaphragmatic, and abdominal lymph node metastases (cT3N2M1, stage IVB).




Figure 1 | Imaging scans, pathological findings, and timeline with relevant data from the episode of care. HE staining of the postoperative pathological specimen indicated adenocarcinoma (scale bars represent 100 µm). Before first-line treatment, representative PET-CT images were shown. Regular revision computed tomography (CT) was used to assess treatment efficacy during first-line treatment. After five cycles of gemcitabine and cisplatin chemotherapy followed by three cycles of nab-paclitaxel in combination with gemcitabine and cisplatin chemotherapy, representative PET-CT images were shown. No lesions were detected by PET-CT, when an elevated CA199 was tested. When the patient began to experience progressively worsening abdominal pain and an abnormal increase in CA199, PET-CT was performed and representative images were shown. CT scan was performed after two cycles of nab-paclitaxel plus gemcitabine and cisplatin chemotherapy, and showed a PR of all tumor lesions. Rx, treatment; PET-CT, positron emission tomography–computed tomography; CT computed tomography; CA199, cancer antigen 199; PR partial response; CR, complete response; G, gemcitabine; A, nab-paclitaxel; P, cisplatin.






Figure 2 | Changes in CA199 levels during the treatment and follow-up. The CA199 tumor marker was measured in patients’ blood at periodic intervals throughout the clinical course and annotated with date, therapeutic approach, and treatment efficacy. CA199, cancer antigen 199; CR complete response; PR partial response.



In December 2018, the patient received gemcitabine-cisplatin chemotherapy and experienced tolerable toxicities of reversible grade 2 anemia and grade 2 pruritic rash on the trunk and limbs. After two cycles of chemotherapy, his tumor shrank remarkably, and an objective response of partial response (PR) was assessed. Therefore, he continued to receive chemotherapy, and the tumor response was maintained after three additional cycles of chemotherapy. The tumor markers CA199 and CEA dropped to 53.94 U/ml and 1.96 ng/ml, respectively. In June 2019, based on the results of a phase 2 clinical trial, his chemotherapy regimen was switched to nab-paclitaxel plus gemcitabine-cisplatin regimen and experienced recurrent mouth ulcers in addition to hair loss plus slight leukopenia. The oral ulcers ameliorated with salt water gargling and the leukopenia was alleviated by an injection of colony-stimulating factor. After three cycles of the triple-drug chemotherapy, a CT scan showed disappearance of the tumor lesions, and PET-CT demonstrated no lesions in the liver and upper abdominal lymph nodes; the anterior group of lymph nodes in the diaphragm was smaller than before, and no increase in glucose metabolism was observed (Figure 1). Moreover, CA199 dropped to the normal range of 8.65 U/ml and CEA was 2.74 ng/ml (Figure 2). The patient achieved a CR to therapy. Then, he received 10 months of capecitabine monotherapy maintenance treatment.

In June 2020, his CA199 was abnormally elevated to 115 U/ml, while no other hematological abnormalities were observed, and no lesions were detected by PET-CT (Figure 1). Due to the adverse events of nausea and vomiting while on capecitabine, his maintenance regimen was converted to S-1 in July 2020, and he began to experience progressively worse epigastric pain and signs of epigastric tenderness after 4 months, with an increase in CA199 and CEA to 733.40 U/ml and 7.52 ng/ml, respectively. Subsequently, PET-CT, conducted in December 2020, showed multi-metastatic lesions in both lungs and liver, along with tumor metastases in the right parasternal, parietal trunk, and para-aortic lymph nodes (Figure 1). The patient received triple-drug regimen of nab-paclitaxel plus gemcitabine-cisplatin again. After two cycles of chemotherapy, an enhanced CT revealed significant downsizing of the tumor lesion with an evaluation of a PR efficacy (Figure 1). The CA199 and CEA levels also gradually decreased (Figure 2). Currently, the patient is still receiving regular triple-drug chemotherapy and his disease is well controlled. We further conducted immunohistochemical (IHC) staining of post-operative pathological specimens revealing the presence of a limited amount of programmed death 1 (PD-1) and programmed death ligand 1 (PD-L1) expression in the tumor microenvironment. In addition, compared to Forkhead box P3 (FoxP3)+ regulatory T cells (Tregs), the number of CD8+ cytotoxic T lymphocytes and CD4+ T helper lymphocytes was higher in the tumor microenvironment (Figure 3).




Figure 3 | Immunohistochemical results from post-operative pathological tissues of the patient. The results showed higher number of CD4+ and CD8+ T cells and the lower number of FOXP3+ Tregs and PD-(L)1 expression in tumor microenvironment. Scale bars represent 100 µm (20 µm in the inset images). FOXP3, Forkhead box P3; PD-L1, programmed cell death-ligand 1.





Discussion

Chemotherapy regimens based on gemcitabine or fluorouracil are currently regarded as the recommended first-line treatment for patients with advanced BTC, but with limited efficacy (9, 19–21). It remains a necessity to explore new treatment options to improve the survival benefit for advanced BTC patients. Nab-paclitaxel is an albumin-bound paclitaxel granule formulation in which the albumin component binds to secreted protein, acidic and cysteine-rich (SPARC) (22). SPARC is secreted by peritumoral fibroblasts and is overexpressed in many advanced cancers, including biliary tract tumors, and binding to albumin sequesters albumin-bound paclitaxel to increase the intratumoral drug concentration (23). In addition, previous studies have confirmed that nab-paclitaxel improved the intratumoral concentration of gemcitabine by reducing gemcitabine-degrading enzymes (10, 24), and the synergistic effect of nab-paclitaxel and gemcitabine has demonstrated promising antitumor efficacy and a manageable safety profile (11). In a single-arm phase II study with a small sample, Shroff et al. first administered nab-paclitaxel plus gemcitabine-cisplatin regimen to previously untreated advanced BTC patients, and achieved a prolonged median PFS and median OS of 11.8 months and 19.2 months, respectively (13). Based on the favorable outcomes of this study, in our case, after receiving five cycles of gemcitabine-cisplatin chemotherapy and achieving PR, the patient was treated with three cycles of triple-drug chemotherapy, whereby the patient surprisingly achieved CR. More importantly, the regimen remained effective when the disease progressed again, and the patient achieved a PR after two cycles of chemotherapy. Our findings support the good efficacy of the triple-drug combination regimen in advanced GBC patients. We await the results of a phase III randomized controlled trial (RCT) of gemcitabine and cisplatin in combination with or without nab-paclitaxel for patients with advanced BTC (ClinicalTrials.gov identifier NCT03768414).

Shroff et al. (13) demonstrated that gemcitabine-cisplatin plus nab-paclitaxel for the first-line treatment of advanced BTC patients was associated with higher adverse event (AE) rates versus historical gemcitabine-cisplatin regimen. Their study revealed that 58% of patients experienced grade 3 or higher AEs, which were more common in the high-dose group. However, post hoc analyses illustrated that the treatment efficacy was not significantly related to the starting dose, while tolerability was improved with reduced-dose treatment compared to the high-dose treatment. The main AEs during triple chemotherapy reported in this case were alopecia, oral ulcers, and additional leukopenia, with no grade 3 or higher AEs, which may be associated with the low doses of gemcitabine (800 mg/m2) and nab-paclitaxel (100 mg/m2) that we used. We speculated that comparable efficacy and lower AE rates may be derived from lower doses of gemcitabine-cisplatin plus nab-paclitaxel triple-drug therapy.

No consensus has been reached on the availability and protocol of maintenance therapy for patients with advanced GBC after the first-line treatment has achieved tumor regression. Theoretically, maintenance therapy should control disease progression and prolong survival benefit; however, extending first-line chemotherapy until disease progression is unrealistic due to the accumulating toxic effects of chemotherapy drugs. Accordingly, it may be more reasonable to switch to easy-to-use and well-tolerated maintenance therapy drugs (25). Capecitabine and S-1 are oral fluoropyrimidine agents, widely used in the treatment of solid tumors, and are potential maintenance therapy drugs to prevent disease progression. A significant improvement of 5-year DFS was obtained in women with early-stage triple-negative breast cancer after 1 year of low-dose capecitabine maintenance therapy following standard adjuvant therapy (17). In addition, another phase III RCT compared capecitabine maintenance therapy with observation in patients with advanced colorectal cancer treated with XELOX or FOLFOX (26). The results showed that the PFS was significantly longer in the capecitabine maintenance therapy group than in the observation group (6.43 months vs. 3.43 months, HR 0.54, p < 0.001), and the safety profiles of the two groups were comparable (26). Therefore, capecitabine may be an option for maintenance therapy after first-line treatment in patients with advanced malignancies. In our case, the patient received maintenance therapy with capecitabine for 8 months and subsequently switched to S-1 due to elevated CA199, obtaining a total of 11 months of DFS and no grade 3 or higher AEs. Our results suggest that maintenance therapy may result in longer disease control in high risk of relapse GBC individuals, and further studies are needed to confirm the role of maintenance therapy in advanced GBCs.

Although elevated serum CEA levels (>4.0 ng/ml) or CA199 levels (>20.0 U/ml) may be indicators of GBC, there is still a lack of tumor markers for predicting treatment response and disease recurrence in GBC. In the present case, the patient had an increase in CA199 before the lesion was detected on PET-CT and the CEA was increased. Moreover, CA199 was more closely associated with the remission of the disease than CEA and the imaging information during the whole treatment process. Therefore, we considered that monitoring of CA199 should be strengthened not only during but also after treatment, which may help us to detect disease recurrence in time and achieve better survival outcomes with early and active intervention.

Tumor-infiltrating lymphocytes (TILs) are heterogeneous lymphocytes that present in the tumor microenvironment, and mainly include CD8+ cytotoxic T lymphocytes, CD4+ T helper lymphocytes, and FoxP3+ Tregs (27). Several studies have demonstrated that CD4+ and CD8+ T-cell infiltration was associated with a better prognosis, whereas low numbers of CD8+ T cells were associated with poor outcomes in GBC patients (p = 0.02) (28, 29). Tregs are characterized by the secretion of TGF-β and IL-10, which contribute to an immunosuppressive environment and help tumor cells achieve immune escape. The presence of large amounts of Tregs in the GBC was significantly associated with poor OS (p = 0.04) (29). In addition, the binding of PD-1 and PD-L1 in the tumor microenvironment can inhibit T-cell activity and promote tumor cell evasion of immune surveillances (30). Thus, low PD-(L) 1 expression is associated with better prognosis (31, 32). Because GBC was a highly aggressive malignant tumor prone to local infiltration and hematogenous metastasis at an early stage, we performed a tumor microenvironment assay on the postoperative specimen of this patient, which might reflect the tumor immune microenvironment of the patient after recurrence to some extent. In this case, the patient had more CD4+ and CD8+ T-cell infiltration and fewer Foxp3+ T cells and PD-(L) 1+ cells, which may be the key to the patient’s long-term survival.



Conclusion

We described an advanced GBC patient who achieved a CR after first-line treatment with nab-paclitaxel in combination with gemcitabine-cisplatin. He subsequently received maintenance therapy with fluorouracil analogs and achieved a DFS of 11 months. In addition, he remained responsive to nab-paclitaxel plus gemcitabine-cisplatin after the disease progressed. This impressive response highlighted the effectiveness of nab-paclitaxel for the treatment of GBC. We also reported for the first time the role of capecitabine or S-1 as maintenance therapy in GBC. Furthermore, our results demonstrated that CA199 was more sensitive than CEA or even PET-CT in predicting treatment response and recurrence. Our further IHC analysis revealed that the higher number of CD4+ and CD8+ T cells and the lower number of Tregs and PD-(L)1+ cells might be key reasons for the patient’s long-term survival. We expect that our report can act as a reference supporting the systematic treatment, monitoring, and prognosis determination of GBC patients.
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