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Cholangiocarcinoma (CCA) still has a poor prognosis and remains a major therapeutic challenge. When curative resection is not possible, palliative systemic chemotherapy with gemcitabine and platinum derivate as first line followed by a 5-FU doublet combination as second line is the standard therapy. Recently, targeted therapy and immunotherapy have rapidly emerged as personalized therapeutic approaches requiring previous tumor sequencing and molecular profiling. BRCA mutations are well-characterized targets for poly (ADP-ribose) polymerase inhibitors (PARPi). However, BRCA gene mutations in CCA are rare and few data of PARPi in the treatment of CCA are available. Immunotherapy with programmed death receptor-1 (PD-1) has been shown to be effective in combination with chemotherapy or in PD-L1-positive CCA. However, data from immunotherapy combined with targeted therapy, including PARPi, are lacking. In this report, we present the case of a male patient with PD-L1-positive and BRCA2-mutated metastatic intrahepatic cholangiocarcinoma, who was treated with a combined therapy with PARP (PARPi), olaparib, and a PD-1 antibody, pembrolizumab, as second-line therapy after gemcitabine/platinum derivate failure. Combined therapy was able to induce a long-lasting complete remission for over 15 months. The combined therapy was feasible and well tolerated. Only mild anemia and immune-related thyroiditis were observed, which were easily manageable and did not result in discontinuation of olaparib and pembrolizumab.


Conclusion

The presented case showed substantial clinical activity of a combination with olaparib/pembrolizumab in advanced BRCA2-mutated CCA. Thus, identifying targetable molecular signatures and combinations of targeted therapies with immunotherapy reveals a promising strategy to effectively treat patients with cholangiocarcinoma and should be considered after failure of standard chemotherapy.
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Introduction

Cholangiocarcinoma (CCA) is a comparably rare, albeit highly aggressive tumor entity. It is reported to represent 3% of malignant gastrointestinal diseases (1, 2). Its incidence, especially in the case of intrahepatic CCA, seems to be rising due to changes in classification systems and improvement in diagnostic methods (3, 4). Since clinical presentation in its early stage is usually unspecific and adequate preventive screening methods are lacking, in most cases, cholangiocarcinoma is diagnosed in the non-curative state.

Cholangiocarcinoma is usually distinguished by anatomical localization and categorized as intrahepatic (iCCA), perihilar (pCCA), or distal (dCCA). This classification is clinically highly relevant as pathogenesis, clinical presentation prognosis, and molecular profile differ distinctly between these subgroups (5–8).

Even with oncological resection and following adjuvant therapy, the rate of recurrence might be up to 50%–70% within the first 2 years (9, 10) and 5-year overall survival ranges between 25% and 40% (11).

In metastatic or irresectable cases, palliative chemotherapy, mostly with gemcitabine in combination with platinum derivate, is the first-choice treatment based on the findings of the pivotal randomized phase III trial ABC-02. Further local therapies, such as radiation therapy (12, 13), endobiliary therapy (14, 15), or chemoembolization (16–18), can be applied individually or additionally in a multimodal approach (19). However, 5-year survival is still estimated with 5%–15% (10). Few further studies have identified any significant effect of systemic chemotherapy as second-line treatments (20, 21). However, emerging evidence has shown that CCA is associated with several genetic alterations, including mutations or fusions, that can be actionable by targeted therapy and which have been demonstrated to be effective in CCA in phase II and III trials (22). Hence, screening for molecular mutations in tumor tissue has fundamentally gained relevance and might even be considered obligatory. Combinations of immune checkpoint inhibitors (ICI) with chemotherapy or targeted therapy have been shown to be more effective than monotherapy in several tumor entities. For CCA, the combination of gemcitabine/cisplatin with PD-L1 (programmed cell death ligand 1) antibody, durvalumab, has recently shown a superior antitumor activity than standard chemotherapy in a phase III trial (TOPAZ-1) (23). Regarding combinations of ICI and targeted therapy, there is no evidence from clinical trials to date for advanced cholangiocarcinoma.

Here, we report on a case of a patient with PD-L1-positive and BRCA2-mutated metastatic intrahepatic cholangiocarcinoma who was treated with the PARP inhibitor olaparib and the PD-1 inhibitor pembrolizumab as second-line therapy after gemcitabine and platinum derivate and who achieved sustainable and complete remission.



Case description

In August 2017, a 53-year-old Caucasian man was referred to the university hospital of Bonn, Germany, with elevated liver transaminases and cholestasis parameters after cholecystectomy in March 2017, which was performed due to cholecystolithiasis. The patient had a known medical history of arterial hypertension as well as Hashimoto’s thyroiditis that did not require hormone substitution at that time.

CT as well as MRI scan revealed a 35 mm × 45 mm mass forming lesion in liver segment V/VIII without signs of thoracoabdominal metastasis (see Figure 1A). CEA (0.7 ng/ml) and Ca 19-9 (<2 U/ml) were low and remained within the normal range during the entire disease course, whereas Ca 125 was slightly elevated (53.3 U/ml, ULN 35 U/ml) (see Figure 2). A CT-guided liver biopsy revealed infiltrates of adenocarcinoma with strong CK7 positivity, consistent with cholangiocarcinoma. The PD-L1 status was negative. According to the decision of our interdisciplinary tumor board and after excluding extrahepatic tumor manifestations (colonoscopy, gastroscopy, CT scan), right hemihepatectomy with lymph node dissection and bile duct reconstruction via biliodigestive anastomosis was performed in August 2017. The examination of the resectate confirmed high-grade intrahepatic CCA with postoperative pT2, pN0, L1, V1, Pn1, and R1 stages. Ca 125 increased to 111 U/ml after surgery. Due to the R1 situation and the postoperative positive CA125, an additive therapy with gemcitabine/cisplatin was initiated in October 2017. Due to a grade 3 (CTCAE) polyneuropathy, cisplatin had to be discontinued in February 2018, after seven cycles. Since radiology imaging presented a complete remission at this time and initial resection revealed marginal involvement, a second-look exploration with follow-up resection of the former resection site was performed in March 2018 following the decision of our interdisciplinary tumor conference. A histological review of the suspected remaining carcinoma revealed no microscopic malignancy. Therefore, a close follow-up was initiated hereafter beginning in March 2018.




Figure 1 | Representative CT and MRI scans showing different disease stages and local ablative therapy during the disease course. (A) MRI (T2) of July 2017. White arrow points toward intrahepatic cholangiocarcinoma in segment V/VIII at first presentation. (B) MRI (T2) of October 2018 revealing a singular hepatic metastasis (white arrow). (C) Second intrahepatic recurrence of CCA (white arrow) diagnosed by MRI (T2) in February 2020. (D) CT-guided microwave ablation of this second hepatic metastasis in February 2020. (E) CT (portal venous phase) showing central necrotic lymph node metastases (red circles) in October 2020, before initiating olaparib/pembrolizumab combination therapy. (F) In July 2021, CT scan (portal venous phase) shows partial and complete remission of lymph node metastases after about 9 months of treatment with olaparib and pembrolizumab.






Figure 2 | Diagram of development of Ca 125 in U/ml over time after primary hemihepatectomy during the disease course and under multimodal therapy. Red arrows are labeled with therapeutic events. Black arrow heads indicate time of recurrence as diagnosed by imaging.



In October 2018, after 6 months of stable remission, a solitary hepatic metastasis (see Figure 1B), histologically confirmed by biopsy (see Figure 3), was diagnosed. As systemic therapy was poorly tolerated and no other tumor manifestations were evident, we decided on local microwave ablation therapy with close follow-up. The patient remained in remission up to February 2020, when a second, singular hepatic metastasis was also treated with percutaneous microwave ablation therapy (see Figures 1C, D). During close follow-up examinations, CT of the abdomen revealed peritoneal metastasis with ascites as well as lymph node metastasis in November 2020 (see Figure 1E). Ca 125 reached 323 U/ml, consistent with radiological findings (see Figure 2).




Figure 3 | Liver biopsy (×20 magnification) of second hepatic metastasis in February 2020 shows infiltrates of atypical glandular proliferates in hematoxylin and eosin staining (A), which were positive for CK7 (B). Immunohistochemistry staining shows weak to moderate membranous expression of PDL1 in about 50% of the tumor cells and in about 20% of surrounding immune cells (C).



Previously, during the past follow-up in June of 2019, cancer tissue was analyzed using next-generation sequencing (FoundationOne® CDx) to identify possible molecular targetable alterations. One of the findings revealed an alteration in the BRCA2 gene (E1493fs*10). Further alterations were detected in the NF2 gene, APC gene, TP53 gene, CDKN2A gene, and MLL 2. The microsatellite status was stable. Tumor mutational burden was comparably low (4 mutations/Mb). There was no evidence of FGFR2 mutation or fusion, NTRK fusion, IDH1, IDH2, BRAF, or NRAS mutations.

Family history of the patient was positive in first-degree relatives for pancreatic carcinoma (father) and mammary carcinoma (sister). Therefore, germline analysis (TruRisk Panel®) of BRCA1 and -2 genes was performed upon revelation of BRCA2 mutation in tumor tissue, which showed a matching BRCA2 mutation in the germline.

Considering the well-known activity of platinum derivate in BRCA2-mutated tumors, palliative chemotherapy with gemcitabine and oxaliplatin was initiated in November 2020. As with cisplatin, increasing polyneuropathy was reported by the patient. Furthermore, gemcitabine/oxaliplatin led to an aggravation of already existing pancytopenia due to portal hypertension and splenomegaly, the latter most likely resulting from medical-induced liver fibrosis evidenced by elevated liver stiffness in transient elastography (13 kPa) and postoperative stenosis of the portal vein. Eventually, after one cycle, chemotherapy had to be discontinued when platelet count decreased further under treatment.

In February 2020, an additional immunohistochemical examination of the recurrence lesion was conducted. In contrast to the initial biopsy of the primary lesion in 2017, immunohistochemistry revealed a positive PD-L1 status with positivity for PD-L1 in immune cells (CPS 30) and tumor cells (TPS 20) (see Figure 3C). Furthermore, the tumor tissue showed Her2neu overexpression with a FISH ratio ≥2. As an individual therapy concept and based on the molecular and histochemical tumor alterations, a switch to off-label second-line systemic therapy with a PARP inhibitor and a PD-1 inhibitor (pembrolizumab) was recommended by our interdisciplinary tumor conference in November 2020 for the patient, who still presented a great performance status (ECOG 0). Before therapy onset, written, informed consent was obtained from the patient. After 4 weeks of monotherapy with olaparib 300 mg twice daily, 200 mg of pembrolizumab was administered additionally every 3 weeks in combination with olaparib. Staging examinations were performed about every 3 months by CT of thorax and CT or MRI of the abdomen or MRI of the liver. First radiological imaging in January 2021 already showed no signs of CCA recurrence, consistent with complete remission (see Figure 1F). About 15 months later, up to April 2022, peritoneal manifestation and lymph node metastasis remained in complete remission without evidence of newly developed metastasis. The liver MRI also showed no new suspect intrahepatic lesions. Ca 125 decreased shortly after initiation of olaparib/pembrolizumab and has remained within normal range throughout since March 2021 (see Figure 2).

Olaparib was tolerated without any subjective side effects. However, with reoccurring pancytopenia and grade 3 anemia requiring transfusions of erythrocyte concentrates, the dosage of olaparib had to be modified to a 50% dose (150 mg twice daily). With this 50% dose adaptation, the therapy with olaparib was continuously tolerated by the patient.

Pembrolizumab was initially tolerated without side effects. In January 2021, TSH was noticeably suppressed (<0.01 µU/ml) for the first time, with elevated fT4 (2.9 ng/dl) and fT3 (5.84 pg/ml) as well as significantly increased antibodies against thyroglobulin (752 IU/ml) and TPO (356 IU/ml). Since the overall constellation of findings, including patient history with known Hashimoto’s thyroiditis, pointed toward an immune-related thyroiditis, we initiated thyreostatic therapy with carbimazol at 30 mg per day and referred the patient for endocrinological consultation. In line with typical findings of an acute autoimmune thyroiditis, sonographic thyroid examination showed an increased total volume of 45 ml and strong vascularization with only faint and diffuse tracer distribution of Tc-99-m pertechnetate in scintigraphy at the same time (see Supplementary Figure 1). Thyroid function normalized by April 2021. Sonographic examination confirmed a markedly decreased thyroid volume (10 ml) as well as reduced vascularization of the thyroid parenchyma. The patient has been closely monitored since and has maintained an euthyreotic metabolism until April 2022.



Discussion

Here, we report on the efficacy, feasibility, and tolerability of a combination of a PARP inhibitor, olaparib, and a PD-1 inhibitor, pembrolizumab, as a second-line therapy after gemcitabine and platinum derivate in a patient with metastatic BRCA2-mutated and PD-L1-positive intrahepatic cholangiocarcinoma.

Cholangiocarcinoma is a comparably rare tumor entity with poor prognosis. When curative resection is not possible, palliative systemic chemotherapy remains as standard therapy. To date, most regimes introduce a gemcitabine- and platinum-based therapy as first line, based on the results of the ABC-02 study (20), followed by a 5-FU doublet combination as second-line (ABC-06) (21, 24). In recent years, tumor sequencing as part of the concept of personalized tumor therapy has emerged as a crucial tool.

Depending on the extra- or intrahepatic origin of the cholangiocarcinoma, different patterns of molecular alterations can be found in this disease (25). The most common genetic alterations of extrahepatic CCA include ARID1B, PRKACA, and PBRM compared to IDH, FGFR, BAP1, or PTEN in intrahepatic cholangiocarcinoma (7, 26). A few identified alterations have led to approved systemic therapy in second-line treatment. Ivosidenib, for example, has shown longer PFS in patients with IDH1 mutations (22). CCA with FGFR2 fusions are susceptible to pemigatinib (27). In a phase II basket trial (MyPathway) including pretreated biliary tract cancers with HER2neu amplification or overexpression, an objective response rate of 23% was reached with pertuzumab combined with trastuzumab (28). Of note, our patient showed immunohistochemical proof of Her2neu overexpression and a Her2neu/CEP17 FISH ratio greater than 2 without gene amplification of Her2 in next-generation sequencing. This finding is in line with previously published results that have described discordances between Her2 gene amplification and Her2neu expression (29, 30), e.g., related to chromosome 17 aberrations (31).

BRCA mutations, as evident in our patient, are a well-characterized target for PARP inhibitors (32). FDA and EMA approvals have been granted for ovarian cancer, breast cancer, prostate cancer, and pancreatic cancer. BRCA mutations in CCA are comparably rare (33).

There is only limited evidence from retrospective studies or case reports on PARP inhibitors in BRCA mutations in cholangiocarcinoma (34–37). However, these studies indicate a favorable response when treated with PARP inhibitors (34). Results of several phase II studies analyzing the effects of PARP inhibitors in CCA are pending (38).

Immune checkpoint inhibition (ICI) plays a growing role in a variety of tumor entities, partially even independent of PD-L1 status. Regarding CCA, the TOPAZ-1 phase III trial has recently shown a benefit for durvalumab (PD-L1 inhibition) combined with standard gemcitabine/cisplatin compared to chemotherapy alone (23). Further trials comparing the effects of ICI alone or in combination with chemotherapy, such as IMBRAVE 151 (atezolizumab plus gemcitabine/cisplatin), are ongoing (39). The Keynote-158 trial has, inter alia, analyzed the effects of pembrolizumab on PD-L1-positive and -negative CCA. Pembrolizumab monotherapy showed an ORR of 5.8% independent of PD-L1 status (40, 41). Combining ICI with PARP inhibitors could enhance the efficacy of both agents synergistically. Preclinical studies suggest that PARP inhibition induces tumor infiltration by immune cells via the STING pathway and leads to upregulation of PD-L1 expression, consequently enhancing susceptibility for ICI (42–45). PD-L1 blockade, on the other hand, counteracts the depletion of tumor-infiltrating lymphocytes, thereby potentiating the effects of PARP inhibitors in several in vitro and in vivo models (43, 45, 46). Furthermore, PARP inhibition is known to cause an accumulation of DNA damage which might in turn increase the mutation load of tumors. This effect could increase the expression of immune checkpoint receptors, such as PD-L1, on tumor cells increasing the predisposition to respond to checkpoint inhibition (47). A phase I trial by Friedland et al. demonstrated a response rate of 25% in advance solid cancer by combining ICI with a PARP inhibitor (48). Final results of an ongoing phase II trial studying the effects of pembrolizumab and olaparib are pending (49).

To our knowledge, the combination of ICI with a PARP inhibitor in cholangiocarcinoma has been described in only one further case (50). However, in the case described by Xiong et al., the combination with olaparib and pembrolizumab was used in a patient with BRCA1-mutated and PD-L1-positive CCA after recurrence following adoptive immunotherapy. A complete remission lasting for over 9 months was observed.

In contrast to the case described above, our patient presented with CCA with a BRCA-2 mutation, a PD-L1 CPS expression of 30%, and the fact that the patient had a previous exposition to platinum derivate.

Platinum-based chemotherapy has been shown to be effective in patients with BRCA-mutated tumors, mostly due to germline mutations. Recently, a sequential therapy with platinum derivate and the poly (ADP-ribose) polymerase inhibitor, olaparib as monotherapy, has shown clinical benefit in BRCA-mutated metastatic pancreatic cancer in the phase III trial (POLO), allowing approval of olaparib for these patients (34). Furthermore, platinum derivates can have immunomodulatory effects enhancing tumor immunity (51). Interestingly, in our case the patient was PD-L1 negative initially but showed significant PD-L1 expression after platinum induction. In preclinical and clinical observations, platinum treatment lead to an upregulation of PD-1/PD-L1 expression in tumor cells (52–54).

Although our patient also presented with HER2neu overexpression, which might respond to targeted therapy with pertuzumab and trastuzumab (28), we decided to switch to olaparib and pembrolizumab due to the prior platinum therapy and proof of BRCA2 mutation as well as positive PD-L1 status, especially as the patient did not progress under oxaliplatin therapy.

Already 12 weeks after therapy onset, the patient experienced a rapid response to the combined therapy resulting in an excellent tumor response with complete remission sustained for over 15 months. At the time of this report in April 2022, the patient was still in complete remission and presented an ECOG of 0. Immune-related thyroiditis and anemia were manageable adverse events and have not resulted in discontinuation of olaparib and pembrolizumab to this day. These results are supported by the results of numerous phase II trials on combination therapy of PARP inhibitors and ICI in breast and ovarian cancer (55, 56) but also in prostate cancer (57, 58) or basket trials including other solid tumors, such as gastric cancer (59). Most common adverse events were nausea and cytopenia. Occurrence of immune-related adverse events was comparable with monotherapy (44).

Preclinical data support the rationale of a superior effect of olaparib and pembrolizumab in our patient due to an induction with platinum derivate. Furthermore, the combination of checkpoint inhibition with PARP inhibition may induce a synergistic antitumoral effect. PARP inhibition is known to cause an accumulation of DNA damage, which in turn can increase the mutation load of tumors. This effect could increase the expression of immune checkpoint receptors, such as PD-L1, on tumor cells increasing the predisposition to respond to checkpoint inhibition (47).

In summary, the presented case showed substantial clinical activity of a combination therapy with olaparib and pembrolizumab in advanced BRCA2-mutated and PD-L1-positive cholangiocarcinoma as second-line therapy after platinum derivate chemotherapy. The therapy was well tolerated, but close screening for immune-related adverse events is necessary, especially in susceptible patient groups. Thus, identifying targetable molecular signatures and combinations of targeted therapies with immunotherapy revealed a promising strategy to effectively treat patients with cholangiocarcinoma and should be considered after failure of standard chemotherapy.
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Supplementary Figure 1 | (A) ultrasound examination of the thyroid gland from February 2021 shows an increased thyroid volume of about 45 ml (normal value in men: <25ml) as well as a strongly inhomogeneous, echo-rich internal structure without definable focal findings. Doppler sonography shows enhanced vascularization of the thyroid parenchyma. (B) Scintigraphy with 47MBq Tc-99 m pertechnetate from February 2021 displaying only faint, diffuse tracer enrichment. Tc-99m uptake: 0.31% of the administered activity.



References

1. Patel, T. Increasing incidence and mortality of primary intrahepatic cholangiocarcinoma in the united states. Hepatology (2001) 33(6):1353–7. doi: 10.1053/jhep.2001.25087

2. Taylor-Robinson, SD, Toledano, MB, Arora, S, Keegan, TJ, Hargreaves, S, Beck, A, et al. Increase in mortality rates from intrahepatic cholangiocarcinoma in England and Wales 1968-1998. Gut (2001) 48(6):816–20. doi: 10.1136/gut.48.6.816

3. Khan, SA, Emadossadaty, S, Ladep, NG, Thomas, HC, Elliott, P, Taylor-Robinson, SD, et al. Rising trends in cholangiocarcinoma: Is the ICD classification system misleading us? J Hepatol (2012) 56(4):848–54. doi: 10.1016/j.jhep.2011.11.015

4. Saha, SK, Zhu, AX, Fuchs, CS, and Brooks, GA. Forty-year trends in cholangiocarcinoma incidence in the U.S.: Intrahepatic disease on the rise. Oncologist (2016) 21(5):594–9. doi: 10.1634/theoncologist.2015-0446

5. Arai, Y, Totoki, Y, Hosoda, F, Shirota, T, Hama, N, Nakamura, H, et al. Fibroblast growth factor receptor 2 tyrosine kinase fusions define a unique molecular subtype of cholangiocarcinoma. Hepatology (2014) 59(4):1427–34. doi: 10.1002/hep.26890

6. Bertuccio, P, Malvezzi, M, Carioli, G, Hashim, D, Boffetta, P, El-Serag, HB, et al. Global trends in mortality from intrahepatic and extrahepatic cholangiocarcinoma. J Hepatol (2019) 71(1):104–14. doi: 10.1016/j.jhep.2019.03.013

7. Nakamura, H, Arai, Y, Totoki, Y, Shirota, T, Elzawahry, A, Kato, M, et al. Genomic spectra of biliary tract cancer. Nat Genet (2015) 47(9):1003–10. doi: 10.1038/ng.3375

8. Nakanuma, Y, Sato, Y, Harada, K, Sasaki, M, Xu, J, and Ikeda, H. Pathological classification of intrahepatic cholangiocarcinoma based on a new concept. World J Hepatol (2010) 2(12):419–27. doi: 10.4254/wjh.v2.i12.419

9. Spolverato, G, Kim, Y, Alexandrescu, S, Marques, HP, Lamelas, J, Aldrighetti, L, et al. Management and outcomes of patients with recurrent intrahepatic cholangiocarcinoma following previous curative-intent surgical resection. Ann Surg Oncol (2016) 23(1):235–43. doi: 10.1245/s10434-015-4642-9

10. DeOliveira, ML, Cunningham, SC, Cameron, JL, Kamangar, F, Winter, JM, Lillemoe, KD, et al. Cholangiocarcinoma: Thirty-One-Year experience with 564 patients at a single institution. Ann Surg (2007) 245(5):755–62. doi: 10.1097/01.sla.0000251366.62632.d3

11. Mazzaferro, V, Gorgen, A, Roayaie, S, Droz Dit Busset, M, and Sapisochin, G. Liver resection and transplantation for intrahepatic cholangiocarcinoma. J Hepatol (2020) 72(2):364–77. doi: 10.1016/j.jhep.2019.11.020

12. Tao, R, Krishnan, S, Bhosale, PR, Javle, MM, Aloia, TA, Shroff, RT, et al. Ablative radiotherapy doses lead to a substantial prolongation of survival in patients with inoperable intrahepatic cholangiocarcinoma: A retrospective dose response analysis. J Clin Oncol (2016) 34(3):219–26. doi: 10.1200/JCO.2015.61.3778

13. Hong, TS, Wo, JY, Yeap, BY, Ben-Josef, E, McDonnell, EI, Blaszkowsky, LS, et al. Multi-institutional phase II study of high-dose hypofractionated proton beam therapy in patients with localized, unresectable hepatocellular carcinoma and intrahepatic cholangiocarcinoma. J Clin Oncol (2016) 34(5):460–8. doi: 10.1200/JCO.2015.64.2710

14. Gonzalez-Carmona, MA, Möhring, C, Mahn, R, Zhou, T, Bartels, A, Sadeghlar, F, et al. Impact of regular additional endobiliary radiofrequency ablation on survival of patients with advanced extrahepatic cholangiocarcinoma under systemic chemotherapy. Sci Rep (2022) 12(1):1011. doi: 10.1038/s41598-021-04297-2

15. Gonzalez-Carmona, MA, Bolch, M, Jansen, C, Vogt, A, Sampels, M, Mohr, RU, et al. Combined photodynamic therapy with systemic chemotherapy for unresectable cholangiocarcinoma. Aliment Pharmacol Ther (2019) 49(4):437–47. doi: 10.1111/apt.15050

16. Gusani, NJ, Balaa, FK, Steel, JL, Geller, DA, Marsh, JW, Zajko, AB, et al. Treatment of unresectable cholangiocarcinoma with gemcitabine-based transcatheter arterial chemoembolization (TACE): A single-institution experience. J Gastrointest Surg (2008) 12(1):129–37. doi: 10.1007/s11605-007-0312-y

17. Ray, CE, Edwards, A, Smith, MT, Leong, S, Kondo, K, Gipson, M, et al. Metaanalysis of survival, complications, and imaging response following chemotherapy-based transarterial therapy in patients with unresectable intrahepatic cholangiocarcinoma. J Vasc Interv Radiol (2013) 24(8):1218–26. doi: 10.1016/j.jvir.2013.03.019

18. Vogl, TJ, Naguib, NNN, Nour-Eldin, N-EA, Bechstein, WO, Zeuzem, S, Trojan, J, et al. Transarterial chemoembolization in the treatment of patients with unresectable cholangiocarcinoma: Results and prognostic factors governing treatment success. Int J Cancer (2012) 131(3):733–40. doi: 10.1002/ijc.26407

19. Weber, SM, Ribero, D, O’Reilly, EM, Kokudo, N, Miyazaki, M, and Pawlik, TM. Intrahepatic cholangiocarcinoma: Expert consensus statement. HPB (Oxford) (2015) 17(8):669–80. doi: 10.1111/hpb.12441

20. Valle, J, Wasan, H, Palmer, DH, Cunningham, D, Anthoney, A, Maraveyas, A, et al. Cisplatin plus gemcitabine versus gemcitabine for biliary tract cancer. N Engl J Med (2010) 362(14):1273–81. doi: 10.1056/NEJMoa0908721

21. Lamarca, A, Palmer, DH, Wasan, HS, Ross, PJ, Ma, YT, Arora, A, et al. Second-line FOLFOX chemotherapy versus active symptom control for advanced biliary tract cancer (ABC-06): A phase 3, open-label, randomised, controlled trial. Lancet Oncol (2021) 22(5):690–701. doi: 10.1016/S1470-2045(21)00027-9

22. Abou-Alfa, GK, Macarulla, T, Javle, MM, Kelley, RK, Lubner, SJ, Adeva, J, et al. Ivosidenib in IDH1-mutant, chemotherapy-refractory cholangiocarcinoma (ClarIDHy): A multicentre, randomised, double-blind, placebo-controlled, phase 3 study. Lancet Oncol (2020) 21(6):796–807. doi: 10.1016/S1470-2045(20)30157-1

23. Oh, D-Y, He, AR, Qin, S, Chen, L-T, Okusaka, T, Vogel, A, et al. A phase 3 randomized, double-blind, placebo-controlled study of durvalumab in combination with gemcitabine plus cisplatin (GemCis) in patients (Pts) with advanced biliary tract cancer (BTC): TOPAZ-1. JCO (2022) 40(4_suppl):378–8. doi: 10.1200/JCO.2022.40.4_suppl.378

24. Möhring, C, Feder, J, Mohr, RU, Sadeghlar, F, Bartels, A, Mahn, R, et al. First line and second line chemotherapy in advanced cholangiocarcinoma and impact of dose reduction of chemotherapy: A retrospective analysis. Front Oncol (2021) 11:717397. doi: 10.3389/fonc.2021.717397

25. Banales, JM, Marin, JJG, Lamarca, A, Rodrigues, PM, Khan, SA, Roberts, LR, et al. Cholangiocarcinoma 2020: The next horizon in mechanisms and management. Nat Rev Gastroenterol Hepatol (2020) 17(9):557–88. doi: 10.1038/s41575-020-0310-z

26. Ross, JS, Wang, K, Gay, L, Al-Rohil, R, Rand, JV, Jones, DM, et al. New routes to targeted therapy of intrahepatic cholangiocarcinomas revealed by next-generation sequencing. Oncologist (2014) 19(3):235–42. doi: 10.1634/theoncologist.2013-0352

27. Abou-Alfa, GK, Sahai, V, Hollebecque, A, Vaccaro, G, Melisi, D, Al-Rajabi, R, et al. Pemigatinib for previously treated, locally advanced or metastatic cholangiocarcinoma: A multicentre, open-label, phase 2 study. Lancet Oncol (2020) 21(5):671–84. doi: 10.1016/S1470-2045(20)30109-1

28. Javle, M, Borad, MJ, Azad, NS, Kurzrock, R, Abou-Alfa, GK, George, B, et al. Pertuzumab and trastuzumab for HER2-positive, metastatic biliary tract cancer (MyPathway): A multicentre, open-label, phase 2a, multiple basket study. Lancet Oncol (2021) 22(9):1290–300. doi: 10.1016/S1470-2045(21)00336-3

29. Latta, EK, Tjan, S, Parkes, RK, and O’Malley, FP. The role of HER2/neu Overexpression/Amplification in the progression of ductal carcinoma in situ to invasive carcinoma of the breast. Mod Pathol (2002) 15(12):1318–25. doi: 10.1097/01.MP.0000038462.62634.B1

30. Li, BT, Ross, DS, Aisner, DL, Chaft, JE, Hsu, M, Kako, SL, et al. HER2 amplification and HER2 mutation are distinct molecular targets in lung cancers. J Thorac Oncol (2016) 11(3):414–9. doi: 10.1016/j.jtho.2015.10.025

31. Nassar, A, Khoor, A, Radhakrishnan, R, Radhakrishnan, A, and Cohen, C. Correlation of HER2 overexpression with gene amplification and its relation to chromosome 17 aneuploidy: A 5-year experience with invasive ductal and lobular carcinomas. Int J Clin Exp Pathol (2014) 7(9):6254–61.

32. Cleary, JM, Aguirre, AJ, Shapiro, GI, and D’Andrea, AD. Biomarker-guided development of DNA repair inhibitors. Mol Cell (2020) 78(6):1070–85. doi: 10.1016/j.molcel.2020.04.035

33. Spizzo, G, Puccini, A, Xiu, J, Goldberg, RM, Grothey, A, Shields, AF, et al. Molecular profile of BRCA-mutated biliary tract cancers. ESMO Open (2020) 5(3):e000682. doi: 10.1136/esmoopen-2020-000682

34. Golan, T, Hammel, P, Reni, M, Van Cutsem, E, Macarulla, T, Hall, MJ, et al. Maintenance olaparib for germline BRCA-mutated metastatic pancreatic cancer. N Engl J Med (2019) 381(4):317–27. doi: 10.1056/NEJMoa1903387

35. Xie, Y, Jiang, Y, Yang, X-B, Wang, A-Q, Zheng, Y-C, Wan, X-S, et al. Response of BRCA1-mutated gallbladder cancer to olaparib: A case report. World J Gastroenterol (2016) 22(46):10254–9. doi: 10.3748/wjg.v22.i46.10254

36. Fehling, SC, Miller, AL, Garcia, PL, Vance, RB, and Yoon, KJ. The combination of BET and PARP inhibitors is synergistic in models of cholangiocarcinoma. Cancer Lett (2020) 468:48–58. doi: 10.1016/j.canlet.2019.10.011

37. Golan, T, Raitses-Gurevich, M, Kelley, RK, Bocobo, AG, Borgida, A, Shroff, RT, et al. Overall survival and clinical characteristics of BRCA-associated cholangiocarcinoma: A multicenter retrospective study. Oncologist (2017) 22(7):804–10. doi: 10.1634/theoncologist.2016-0415

38. Ricci, AD, Rizzo, A, Bonucci, C, Tober, N, Palloni, A, Mollica, V, et al. PARP inhibitors in biliary tract cancer: A new kid on the block? Medicines (Basel) (2020) 7(9). doi: 10.3390/medicines7090054

39. Hack, SP, Verret, W, Mulla, S, Liu, B, Wang, Y, Macarulla, T, et al. IMbrave 151: A randomized phase II trial of atezolizumab combined with bevacizumab and chemotherapy in patients with advanced biliary tract cancer. Ther Adv Med Oncol (2021) 13:17588359211036544. doi: 10.1177/17588359211036544

40. Piha-Paul, SA, Oh, D-Y, Ueno, M, Malka, D, Chung, HC, Nagrial, A, et al. Efficacy and safety of pembrolizumab for the treatment of advanced biliary cancer: Results from the KEYNOTE-158 and KEYNOTE-028 studies. Int J Cancer (2020) 147(8):2190–8. doi: 10.1002/ijc.33013

41. Marabelle, A, Le, DT, Ascierto, PA, Di Giacomo, AM, De Jesus-Acosta, A, Delord, J-P, et al. Efficacy of pembrolizumab in patients with noncolorectal high microsatellite Instability/Mismatch repair-deficient cancer: Results from the phase II KEYNOTE-158 study. J Clin Oncol (2020) 38(1):1–10. doi: 10.1200/JCO.19.02105

42. Ding, L, Chen, X, Xu, X, Qian, Y, Liang, G, Yao, F, et al. PARP1 suppresses the transcription of PD-L1 by Poly(ADP-ribosyl)ating Stat3. Cancer Immunol Res (2019) 7(1):136–49. doi: 10.1158/2326-6066.CIR-18-0071

43. Shen, J, Zhao, W, Ju, Z, Wang, L, Peng, Y, Labrie, M, et al. PARPi triggers the STING-dependent immune response and enhances the therapeutic efficacy of immune checkpoint blockade independent of BRCAness. Cancer Res (2019) 79(2):311–9. doi: 10.1158/0008-5472.CAN-18-1003

44. Peyraud, F, and Italiano, A. Combined PARP inhibition and immune checkpoint therapy in solid tumors. Cancers (Basel) (2020) 12(6). doi: 10.3390/cancers12061502

45. Wang, Y, Zheng, K, Xiong, H, Huang, Y, Chen, X, Zhou, Y, et al. PARP inhibitor upregulates PD-L1 expression and provides a new combination therapy in pancreatic cancer. Front Immunol (2021) 12:762989. doi: 10.3389/fimmu.2021.762989

46. Jiao, S, Xia, W, Yamaguchi, H, Wei, Y, Chen, M-K, Hsu, J-M, et al. PARP inhibitor upregulates PD-L1 expression and enhances cancer-associated immunosuppression. Clin Cancer Res (2017) 23(14):3711–20. doi: 10.1158/1078-0432.CCR-16-3215

47. Lee, EK, and Konstantinopoulos, PA. PARP inhibition and immune modulation: Scientific rationale and perspectives for the treatment of gynecologic cancers. Ther Adv Med Oncol (2020) 12:1758835920944116. doi: 10.1177/1758835920944116

48. Friedlander, M, Meniawy, T, Markman, B, Mileshkin, LR, Harnett, P, Millward, M, et al. A phase 1b study of the anti-PD-1 monoclonal antibody BGB-A317 (A317) in combination with the PARP inhibitor BGB-290 (290) in advanced solid tumors. J Clin Oncol (2018) 36(Suppl 5):48–8. doi: 10.1200/JCO.2018.36.5_suppl.48

49. Yin, C, Armstrong, SA, Agarwal, S, Wang, H, Noel, MS, Weinberg, BA, et al. Phase II study of combination pembrolizumab and olaparib in patients with advanced cholangiocarcinoma: Interim results. JCO (2022) 40(Suppl 4):452–2. doi: 10.1200/JCO.2022.40.4_suppl.452

50. Xiong, F, Gong, J, and Wang, Q. Olaparib and pembrolizumab treatment for BRCA1-mutated and PD-L1-Positive intrahepatic cholangiocarcinoma recurrence and metastasis: A case report. Onco Targets Ther (2020) 13:6385–91. doi: 10.2147/OTT.S250454

51. Xue, Y, Gao, S, Gou, J, Yin, T, He, H, Wang, Y, et al. Platinum-based chemotherapy in combination with PD-1/PD-L1 inhibitors: Preclinical and clinical studies and mechanism of action. Expert Opin Drug Deliv (2021) 18(2):187–203. doi: 10.1080/17425247.2021.1825376

52. Shin, J, Chung, J-H, Kim, SH, Lee, KS, Suh, KJ, Lee, JY, et al. Effect of platinum-based chemotherapy on PD-L1 expression on tumor cells in non-small cell lung cancer. Cancer Res Treat (2019) 51(3):1086–97. doi: 10.4143/crt.2018.537

53. Guo, L, Song, P, Xue, X, Guo, C, Han, L, Fang, Q, et al. Variation of programmed death ligand 1 expression after platinum-based neoadjuvant chemotherapy in lung cancer. J Immunother (2019) 42(6):215–20. doi: 10.1097/CJI.0000000000000275

54. Fournel, L, Wu, Z, Stadler, N, Damotte, D, Lococo, F, Boulle, G, et al. Cisplatin increases PD-L1 expression and optimizes immune check-point blockade in non-small cell lung cancer. Cancer Lett (2019) 464:5–14. doi: 10.1016/j.canlet.2019.08.005

55. Konstantinopoulos, PA, Waggoner, SE, Vidal, GA, Mita, MM, Fleming, GF, Holloway, RW, et al. TOPACIO/Keynote-162 (NCT02657889): A phase 1/2 study of niraparib + pembrolizumab in patients (Pts) with advanced triple-negative breast cancer or recurrent ovarian cancer (ROC)–results from ROC cohort. J Clin Oncol (2018) 36(15_suppl):106–6. doi: 10.1200/JCO.2018.36.15_suppl.106

56. Domchek, SM, Postel-Vinay, S, Im, S-A, Park, YH, Delord, J-P, Italiano, A, et al. Olaparib and durvalumab in patients with germline BRCA-mutated metastatic breast cancer (MEDIOLA): An open-label, multicentre, phase 1/2, basket study. Lancet Oncol (2020) 21(9):1155–64. doi: 10.1016/S1470-2045(20)30324-7

57. Yu, EY, Piulats, JM, Gravis, G, Laguerre, B, Arranz Arija, JA, Oudard, S, et al. KEYNOTE-365 cohort a updated results: Pembrolizumab (Pembro) plus olaparib in docetaxel-pretreated patients (Pts) with metastatic castration-resistant prostate cancer (mCRPC). JCO (2020) 38(Suppl 6):100–0. doi: 10.1200/JCO.2020.38.6_suppl.100

58. Karzai, F, VanderWeele, D, Madan, RA, Owens, H, Cordes, LM, Hankin, A, et al. Activity of durvalumab plus olaparib in metastatic castration-resistant prostate cancer in men with and without DNA damage repair mutations. J Immunother Cancer (2018) 6(1):141. doi: 10.1186/s40425-018-0463-2

59. Bang, Y-J, Kaufman, B, Geva, R, Stemmer, SM, Hong, S-H, Lee, J-S, et al. An open-label, phase II basket study of olaparib and durvalumab (MEDIOLA): Results in patients with relapsed gastric cancer. J Clin Oncol (2019) 37(Suppl 4):140–0. doi: 10.1200/JCO.2019.37.4_suppl.140






Publisher’s note: All claims expressed in this article are solely those of the authors and do not necessarily represent those of their affiliated organizations, or those of the publisher, the editors and the reviewers. Any product that may be evaluated in this article, or claim that may be made by its manufacturer, is not guaranteed or endorsed by the publisher.

Copyright © 2022 Zhou, Mahn, Möhring, Sadeghlar, Meyer, Toma, Kreppel, Essler, Glowka, Matthaei, Kalff, Strassburg and Gonzalez-Carmona. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner(s) are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.


OEBPS/Images/fonc-12-933943-g003.jpg





OEBPS/Images/fonc.2022.933943_cover.jpg
, frontiers ‘ Frontiers in Oncology

Case Report: Sustained complete
remission on combination therapy with
olaparib and pembrolizumab
in BRCA2-mutated and PD-L1-positive
metastatic cholangiocarcinoma after
platinum derivate





OEBPS/Images/logo.jpg
& frontiers | Frontiers in Oncology





OEBPS/Text/toc.xhtml


  

    Table of Contents



    

		Cover



      		

        Case Report: Sustained complete remission on combination therapy with olaparib and pembrolizumab in BRCA2-mutated and PD-L1-positive metastatic cholangiocarcinoma after platinum derivate

      

        		

          Conclusion

        



        		

          Introduction

        



        		

          Case description

        



        		

          Discussion

        



        		

          Data availability statement

        



        		

          Ethics statement

        



        		

          Author contributions

        



        		

          Funding

        



        		

          Supplementary material

        



        		

          References

        



      



      



    



  



OEBPS/Images/fonc-12-933943-g001.jpg





OEBPS/Images/crossmark.jpg
©

2

i

|





OEBPS/Images/fonc-12-933943-g002.jpg
CA 125 U/ ml

start olaparib/pembrolizumab

350 \l/

300
250
200
adjuvant therapy
150 (gemcitabine/cisplatin)
1st ablation 2nd ablation
100 \l/ \l/
50 ooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooo
A A A
0
0 10 20 30 40 50

Months





