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Abstract
BACKGROUND
Cholangiocarcinomas are rare and very aggressive tumors. Most patients have advanced-stage or unresectable disease at presentation, and the systemic therapies have limited efficacy. Albumin-bound paclitaxel (nab-paclitaxel) is a solvent-free taxane that has been approved for the treatment of some cancers such as breast, non-small cell lung and pancreatic cancer, however it has not been applied to treat cholangiocarcinoma. We have both preclinical and clinical evidence of the efficacy of nab-paclitaxel in cholangiocarcinoma, yet no phase 3 trials have been made.

CASE SUMMARY
A 63-year-old man was diagnosed in December 2016 with stage III B intrahepatic cholangiocarcinoma. Surgery was performed, followed by adjuvant chemotherapy treatment with capecitabine and gemcitabine; although, the gemcitabine was suspended due to allergic reaction after two cycles. In April 2019, metastatic cholangiocarcinoma relapse was diagnosed, and a first-line treatment with FOLFOX scheme was started. Eight cycles were administered, producing an initial clinical improvement and decrease in blood tumor marker levels. Radiological and serological progression was noted in September 2019. As a second-line treatment, FOLFIRI was not recommended due to risk of worsening the patient’s tumor-related diarrhea. A combination therapy with gemcitabine was not feasible, as the patient had previously suffered from an allergic reaction to this treatment. We decided to use nab-paclitaxel as a second-line treatment, and four cycles were administered. Both clinical and serological responses were observed, and a radiological mixed response was also noted.

CONCLUSION
Advanced cholangiocarcinoma could be treated with nab-paclitaxel monotherapy, which should be studied in combination with other types of treatment (chemotherapy, fibroblast growth factor receptor inhibitors).
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Core Tip: Cholangiocarcinomas are very aggressive tumors. Most patients have advanced-stage disease at presentation and the efficacy of systemic therapies for this setting is limited. Albumin bound paclitaxel (nab-paclitaxel) has been approved in some cancers but not in cholangiocarcinoma. We present a clinical case of metastatic cholangiocarcinoma treatment with second-line nab-paclitaxel and we review the preclinical and clinical evidence about its useful in these tumors.

INTRODUCTION
Cholangiocarcinoma (CC) is a tumor that arises from epithelial bile duct cells. Intrahepatic CC originates above second-order bile ducts, whereas the cystic duct is the anatomical point of distinction between perihilar and distal (extrahepatic) CC[1].
This tumor type accounts for less than 3% of all gastrointestinal cancers[2]. Considering its location, intrahepatic disease is less frequent (between 10%-20% of cases), whereas distal disease is more common (40% of total cases) and perihilar disease is most common (50% of cases)[3]. However, the international classification (i.e., the ICD) of CC does not distinguish between perihilar and distal CC[4]. Also, the American Cancer Society groups intrahepatic bile duct cancers together with primary liver cancers, while placing extrahepatic biliary cancers in a separate category that includes gallbladder cancer. Thus, incidence data on CC subtypes according to location are difficult to interpret[5].
The incidence of intrahepatic CC is rising in the United States and Europe[6-8], although the proportion of early stage or smaller size lesions remains low without an observed increase[7]. The increasing incidence of intrahepatic CC may be due to new diagnostic methods for obstructive jaundice, or may be related to a concomitant increase in certain risk factors (cirrhosis, alcoholic liver disease, hepatitis C virus infection). Extrahepatic CC incidence is declining, and some of these differences may be due to changes in the ICD[9].
CCs are aggressive tumors, and only a minority of patients (approximately 35%) have early-stage disease that is amenable to surgical resection with curative intent. Most patients have advanced-stage disease at presentation[10], and the available systemic therapies for these patients have demonstrated limited efficacy; the median overall survival time with the current standard-of-care first-line chemotherapy (cisplatin and gemcitabine) is less than 1 year[11]. The development of new therapies is therefore essential.
Albumin-bound paclitaxel (nab-paclitaxel), a solvent-free taxane, has been demonstrated to produce higher response rates and improved tolerability than solvent-based formulations in patients with advanced metastatic breast cancer or non-small-cell lung cancer, among others tumor types. Additionally, it has not yet been proven to be efficacious in CC-based phase 3 clinical trials[12].
In this study, we present what is, to our knowledge, one of the first published cases in the literature on the use of nab-paclitaxel as treatment for metastatic CC. We demonstrate that this therapy achieves a significant clinical and serological response, and we thus encourage studying this drug as a new treatment option for patients with poor CC prognoses.

CASE PRESENTATION
Chief complaints
In December 2016, a 63-year-old male underwent a magnetic resonance cholangiography as an assessment for cholecystectomy surgery. A possible cholangiocarcinoma was reported, appearing as a 20 mm hypodense intrahepatic mass at the right liver lobe. Confluence of the hepatic ducts was observed (Figure 1).

History of present illness
In August 2018, a significant elevation of CA19-9 (294.4 IU/mL, Figure 2) was reported, although no relapse was observed in the computed tomography (CT) scan. The patient was asymptomatic, and the liver blood test results were similar to those presented after surgery [aspartate aminotransferase (AST) 56 U/L, alanine aminotransferase (ALT) 97 U/L, gamma-glutamyltransferase (GGT) 455 U/L, alkaline phosphatase (FA) 187 U/L]. Close monitoring was implemented.
In September 2018, CA19-9 continued to increase (513.2 IU/mL, Figure 2). However, the CT scan did not reveal disease relapse. In January 2019, the patient was admitted for cholangitis. A magnetic resonance cholangiography was performed, and no changes were observed in the liver. After discharge in February 2019, close follow-up was continued.
During the following months, the patient experienced clinical deterioration, which included stomach-ache, dyspepsia, and loss of 4 kg of weight. A slight deterioration in the liver blood test was seen (AST 83 U/L, ALT 125 U/L, GGT 1580 U/L, FA 308 U/L) and a progressive rise in CA19-9 was also observed (from 671.3 IU/mL in February 2019 to 3220.9 IU/mL at the end of April 2019, Figure 2). A thorax-abdomen-pelvis computerized tomography (TAP-CT) scan was requested, and no disease relapse was observed. Given the high suspicion of relapse, a positron emission tomography-CT was performed in April 2019. Multiple supraclavicular, mediastinal, and bilateral hilar lymphadenopathies, as well as segment IVa liver nodes and increased soft tissue in the celiac trunk region; all showed increased metabolic activity (Figure 3).
After 25 mo without signs of radiological disease, a relapse of stage IV intrahepatic cholangiocarcinoma was diagnosed. We recommended that the patient begin a first-line chemotherapy with cisplatin and gemcitabine at the usual doses. However, since a poor tolerance to gemcitabine was previously presented, we decided to instead begin with the FOLFOX6 treatment scheme.
The FOLFOX6 treatment began in April 2019. Initial clinical improvement in cancer-related asthenia was observed, as well as a significant decrease in CA19-9 blood levels (from 3592 IU/mL in May 2019, after two cycles of FOLFOX, to 1138.8 IU/mL in August 2019, after eight cycles of FOLFOX, Figure 2). Grade 1 neurotoxicity and grade 1 rectal bleeding from hemorrhoids were the principal clinical chemotherapy-related toxicities that occurred. After cycle 4, grade 1 thrombopenia was presented, and cycles 5, 6, and 7 were scheduled without a 5-fluorouracil bolus. Grade 2 thrombopenia was then observed, and the administration of cycle 8 was delayed for 1 wk. In July 2019, CT scans were performed (prior to cycle 8) and segment IV liver nodes were not identified, as reported in the previous study (Figure 4). However, a small amount of free fluid in the pelvis, as well as a thickening of the peritoneal leaves, appeared. A mixed response was also considered. Given the improving clinical status of the patient, the same treatment was continued, and cycle 8 was administered with a 10% decrease in oxaliplatin dose.

History of past illness
The patient was referred to our center for surgical evaluation. A TAP-CT scan and blood tests were performed. Distant metastases were not observed, and CA19-9 tumor markers were found to be elevated (3494 IU/mL, Figure 2).
In March 2017, after a right portal embolization was performed that caused compensatory hypertrophy in the left liver lobe, the patient underwent surgery. A hilar tumor with right portal involvement was found. Resection of the extrahepatic bile duct with right trisegmentectomy extended to segment 1 and portal resection were both performed.
The pathology report revealed a moderately differentiated intrahepatic hilar cholangiocarcinoma infiltrating the liver parenchyma, perihilar adipose tissue, cystic duct, and gallbladder neck. Frequent perineural infiltration and vascular invasion were also observed. The tumor had metastasized in one of the four lymph nodes that were isolated from the hilum, which affected the resection margin of the surgical piece.
Stage III B (pT3N1M0) intrahepatic cholangiocarcinoma, a R1 resection, was diagnosed and the patient was referred to the Medical Oncology Department. Adjuvant chemotherapy treatment with capecitabine 1660 mg/m2 on days 1 to 21 and gemcitabine 1000 mg/m2 on days 1, 8 and 15 every 28 d, given for six cycles, was started. The patient received this treatment between May and November 2017. However, gemcitabine was suspended in July 2017 due to an allergic reaction. After completion of the adjuvant treatment, the follow-up period began.

Physical examination
Despite initial clinical improvement, a progressive clinical deterioration was then presented, with an increase in asthenia. Grade 2 diarrhea (Table 1) and minimal effort dyspnea also appeared. Abdominal examination was normal, and hypoventilation in the right lower lung lobe was auscultated. Cycle 9 was not prescribed, due to grade 1 thrombopenia and persistent grade 2 neutropenia.

Laboratory examinations
Serological progression was observed: CA19-9 blood levels rose to 2023 IU/mL (with a previous rise in August 2019 of 1138.8 IU/mL, Figure 2) and carcinoembryonic antigen (CEA) blood levels also rose to 5 IU/mL (high CEA levels had not previously occurred). Regarding liver blood testing, AST levels were 74 U/L, ALT levels were 70 U/L, GGT levels were 849 U/L, and FA levels were 440 U/L. The remaining biochemistry parameters were normal, with the exception of grade 1 hypoalbuminemia.

Imaging examinations
Given the suspicion of disease progression, a new CT scan was performed in early September 2019. Both peritoneal carcinomatosis (Figure 5) and pleural involvement were confirmed by one last cytological study (Table 2).

Genetic testing
Massive genetic analysis of the tumor using next-generation sequencing (NGS) was requested. Several alterations could be identified in some genes, such as RNF43, PTCH1, ATM and ARID1A, as well as in variants of unknown significance. Microsatellite instability was not found. Given the clinical deterioration, we decided to begin chemotherapy prior to obtaining these test results.

FINAL DIAGNOSIS
Massive genetic analysis of the tumor using NGS was requested. Several alterations could be identified in some genes, such as RNF43, PTCH1, ATM and ARID1A, as well as in variants of unknown significance. Microsatellite instability was not found. Given the clinical deterioration, we decided to begin chemotherapy prior to obtaining these test results.

TREATMENT
Stage IV cholangiocarcinoma with peritoneal and pleural progression to FOLFOX is presented. There are limited therapeutic options available. We decided to use nab-paclitaxel in the place of other options for specific reasons. On the one hand, we did not recommend that the patient receive FOLFIRI because of the potential risk of worsening his diarrhea. On the other hand, a combination treatment with gemcitabine was not feasible due to his previous allergic reaction to gemcitabine.

OUTCOME AND FOLLOW-UP
Second-line treatment with nab-paclitaxel at the same doses as used for pancreatic cancer (125 mg/m2 on days 1, 8 and 15 every 28 d) was started, although without the associated gemcitabine.
On cycle 1 day 8, grade 3 neutropenia (910 neutrophils/mL) and grade 1 thrombopenia (97500 platelets/mL) were observed, and so the treatment with a reduction of one dose level (100 mg/m2) was prescribed. On cycle 1 day 15, platelets had recovered (150000 platelets/mL) but neutrophils had declined (630 neutrophils/mL). We decided to prescribe a treatment with the same dose level (100 mg/m2), however we also prescribed two injected doses of granulocyte colony-stimulating factor (GCSF).
On cycle 2 day 1, the patient reported clinical improvements with less asthenia, a 1 kg increase in weight, diarrheal improvements, and slight dyspnea improvements. CA19-9 blood levels rose to 2917.6 IU/mL (CA19-9 levels prior to the start of nab-paclitaxel were 2023.1 IU/mL, Figure 2), and neutrophil and platelet levels were normal. Given the clinical improvements observed, we decided to continue the treatment. Cycle 2 days 1, 8 and 15 at 100 mg/m2, without GCSF, were scheduled.
Four cycles of nab-paclitaxel at 100 mg/m2 doses were administered (except for cycle 1 day 1). GCSF treatment was not needed (except cycle 1 day 15). Neutropenia below 1500 neutrophils/mL and thrombopenia below 10000 platelets/mL were not detected by blood tests prior to cycles 2, 3 and 4, so the hematological tolerance was considered to be excellent.

DISCUSSION
This clinical case is one of the first published concerning cholangiocarcinoma treatment using nab-paclitaxel monotherapy. Nab-paclitaxel has only been approved as a monotherapy for breast cancer[13,14]. In addition, it has proven to be useful when scheduled weekly[15,16]. In the remaining settings, a combination with other drugs (gemcitabine, carboplatin) was always required.
The only data on the efficacy of nab-paclitaxel in metastatic cholangiocarcinoma was phase 2 clinical trials but was part of a combination treatment in this case[17,18]. In addition, a retrospective registry of cases[19] and preclinical studies have also been performed[20,21]. However, no prospective evidence from phase 3 clinical trials has been found.
A combination of nab-paclitaxel with gemcitabine, as used in pancreatic cancer, is potentially more effective in cholangiocarcinoma in terms of disease control than nab-paclitaxel alone. In the phase 2 trials of first-line nab-paclitaxel combinations, the disease control rate is higher than 50% and ranges from 66% (in combination with gemcitabine)[17] to 84% (in combination with gemcitabine and cisplatin)[18]. However, our patient received nab-paclitaxel as a monotherapy and second-line treatment after platinum-containing chemotherapy, which can explain the reduced efficacy of nab-paclitaxel in this context. We decided to use weekly nab-paclitaxel based on data from the combination of weekly nab-paclitaxel and gemcitabine regimens for pancreatic cancer, and also from data showing the efficacy of weekly nab-paclitaxel monotherapy for breast cancer.
Achievement of a clinical and serological response was shown by a decrease in CA19-9 as well as improved liver function tests. There was also a mixed radiological response observed after four cycles of nab-paclitaxel. Therefore, we can consider that, although a new lesion appeared, the disease is controlled due to the shrinking or stabilization of most lesions. In a highly aggressive disease such as cholangiocarcinoma, a clinical response can be considered to be a clinical benefit and, therefore, a justification to continue treatment, despite the fact that a strict radiological response was not achieved. The objective of treatment for this patient was improving his quality of life, which was observed. Therefore, while we have evidence of the biological activity of nab-paclitaxel in cholangiocarcinoma, a partial radiological response was not observed.
We also have preclinical evidence of the efficacy of nab-paclitaxel in cholangiocarcinoma. In one study[20], primary cultures prepared from human mixed and mucin intrahepatic cholangiocarcinoma specimens were evaluated for cell proliferation and apoptosis after incubation with increasing concentrations of different drugs. Nab-paclitaxel showed an inhibitory effect on cell proliferation in both mixed- and mucin intrahepatic cholangiocarcinoma primary cultures. Additionally, nab-paclitaxel induced a significant increase in apoptotic activity in only mucin-intrahepatic cholangiocarcinoma. In another study[21], the inhibitory effect of paclitaxel and nab-paclitaxel in different cholangiocarcinoma cell lines was studied, revealing that both drugs induced anti-proliferative effects. Furthermore, a toxin-induced intrahepatic cholangiocarcinoma rat model was used to evaluate the in vivo tumor activity of paclitaxel, nab-paclitaxel and gemcitabine plus oxaliplatin regimen. Only nab-paclitaxel and gemcitabine plus oxaliplatin induced antitumor effect in the rat model. Compared with paclitaxel, nab-paclitaxel demonstrated increased effectiveness in reducing in vivo tumor formation by disrupting the desmoplastic stroma.
The genomic alterations identified in our patient’s tumor by NGS do not appear to be related to nab-paclitaxel efficacy. In addition, we have no molecular markers that predict nab-paclitaxel activity in metastatic cholangiocarcinoma, as we do for other tumor types.
In a study evaluating the response of breast cancer to neoadjuvant chemotherapy in the GeparSepto trial according to the genomic alterations revealed by NGS, there was an increased response to nab-paclitaxel that was only observed in PIK3CA wild-type breast cancer patients[22]. The presence or absence of fibroblast growth factor receptor (FGFR) amplifications, a pathway that is aberrantly activated in 15%-20% of intrahepatic cholangiocarcinomas[23], was not related to the nab-paclitaxel response in this study. In non-small cell lung cancer, nintedanib is the only approved agent that targets the FGFR axis. This agent is limited to adenocarcinoma and is used in combination with docetaxel, according to the results of LUME-Lung 1 trial[24]. Based on this trial, a combination of a taxane, such as nab-paclitaxel, and an FGFR inhibitor in patients with FGFR amplifications would be a viable option for future use in metastatic cholangiocarcinoma patients.

CONCLUSION
Nab-paclitaxel monotherapy could be a viable treatment option for patients with advanced cholangiocarcinoma in later lines of treatment, after they have already progressed to standard therapies. This therapy has demonstrated preliminary efficacy in preclinical models. In addition, according to phase 2 clinical trial results, nab-paclitaxel is a potential first-line treatment in combination with either gemcitabine or gemcitabine plus cisplatin. Nab-paclitaxel should be studied as a potential treatment for metastatic cholangiocarcinoma in combination with not only chemotherapy but also with FGFR inhibitors. This is based on available efficacy data for a combination of taxane and FGFR inhibitor that has been used in other cancers. This approach could therefore be an interesting alternative to be explored over the next years.
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Figure Legends
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Figure 1 Computed tomography scan performed in December 2016. A 20 mm hypodense intrahepatic mass at the right lobe, possible cholangiocarcinoma, was reported.
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Figure 2 Evolution of CA19-9 blood levels (IU/mL). Yellow: CA19-9 levels of localized cholangiocarcinoma at diagnosis, after surgery, and during follow-up; Cyan: CA19-9 levels during FOLFOX treatment; Magenta: CA19-9 levels during albumin-bound paclitaxel treatment.
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Figure 3 Positron emission tomography-computed tomography performed in April 2019. Cholangiocarcinoma relapse in segment IVa liver node (before FOLFOX6 treatment).
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Figure 4 Computed tomography scans performed in July 2019 (left, after seven cycles of FOLFOX6 treatment, where a complete response of disease in segment IV liver is shown) and April 2019 (right, before FOLFOX6 treatment, where segment IV liver node metastasis is seen).
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Figure 5 Computed tomography scan performed in September 2019. Peritoneal carcinomatosis (before albumin-bound paclitaxel treatment).
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Figure 6 Computed tomography scan performed after four cycles of albumin-bound paclitaxel, where a mixed response was observed.

Table 1 Diarrhea lab work
	Diarrhea lab work

	Hormonal and enzymatic study
	Normal range

	Thyrotropin, TSH
	0.888 µIU/mL

	Free T4
	1.10 ng/dL

	Free T3
	2.57 pg/mL

	Serum cortisol
	16.50 µg/dL

	ACTH
	34.38 pg/mL

	Pancreatic elastase E1
	More than 437 µg/g of dry stool

	Microbiology study
	No pathogenic microorganisms identified

	Stool culture
	Usual bacterial flora in the sample

	Clostridium difficile toxin/glutamate dehydrogenase
	Negative

	Autoimmunity study
	Negative for celiac disease

	Anti-transglutaminase immunoglobulin-A antibodies
	3.63 UA/mL


We carried out a detailed study of diarrhea to rule out non-cancer-related causes. We confirmed that diarrhea was a symptom of the patient’s cancer (peritoneal carcinomatosis). ACTH: Adrenocorticotropic hormone; TSH: Thyroid-stimulating hormone.

Table 2 Pleural effusion study
	Pleural effusion study

	Pleural effusion biochemistry

	Glucose
	92 mg/dL

	Total proteins
	4.1 g/dL

	Albumin
	2.7 g/dL

	Lactate dehydrogenase
	137 IU/L

	Cholesterol
	12 mg/dL

	Triglycerides
	182 mg/dL

	Adenosine deaminase
	Not available

	Pleural effusion hemogram

	Hemoglobin
	0.2 g/dL

	Platelets
	2600/µL

	White blood cells
	850/µL

	Neutrophils
	0

	Lymphocytes
	800/µL

	Blood test biochemistry

	Glucose
	86 mg/dL

	Total proteins
	6 g/dL

	Albumin
	3.5 g/dL

	Lactate dehydrogenase
	208 IU/L

	Cholesterol
	195 mg/dL

	Triglycerides
	122 mg/dL

	Microbiology study
	No pathogenic microorganisms identified

	Light’s criteria
	The pleural effusion meets two of three of Light’s criteria for exudate, and is compatible with cancer.

	Ratio pleural/serum proteins
	0.68 (> 0.5)

	Ratio pleural/serum proteins
	0.65 (> 0.6)

	Pleural effusion lactate dehydrogenase > 2/3 upper limit of normal
	No


We conducted an extensive study of pleural fluid to rule out non-cancer-related causes. The presence of cancer cells in the pleural effusion was confirmed by cytology.
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