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Abstract. Biliary tract cancers (BTC) are rare but aggressive. 
Due to limited anti‑tumor effects of current second‑ and later‑line 
treatment regimens, novel treatment options are required. 
Nanoliposomal irinotecan in combination with leucovorin 
and 5‑fluorouracil (FOLFnal‑IRI) achieved promising results 
as a second‑line treatment in patients with pancreatic cancer, 
warranting further investigation in BTC. In the present study, 
a retrospective analysis of patients receiving FOLFnal‑IRI 
after initial platinum‑based chemotherapy for advanced BTC 
between January 2016 and August 2020 at the University 
Hospital Cologne (Cologne, Germany) was performed. A total 
of 11 patients were identified who met the inclusion criteria. A 
total of 4 patients (36.4%) were female and the median age was 
54 years. The proportion of patients suffering from gallbladder 
carcinoma, intrahepatic and extrahepatic cholangiocarcinoma 
was 18.2, 63.6 and 9.1%, respectively. Furthermore, 7 patients 
(63.6%) received FOLFnal‑IRI as their second‑, 3 (27.3%) as 
third‑ and one (9.1%) as their fourth‑line therapy. The disease 
control rate was 54.5% and 3 grade III toxicities were recorded. 
Progression‑free survival and overall survival (OS) after initia‑
tion of FOLFnal‑IRI was 5.1 and 12.4 months, respectively. OS 
after initial diagnosis was 24.7 months. FOLFnal‑IRI demon‑
strated promising antitumor potential with an acceptable safety 
profile as a subsequent therapy regimen in advanced biliary 
tract malignancies. Further randomized controlled trials of its 
value as a treatment option for BTC appear justified.

Introduction

Biliary tract cancers (BTC) are a rare but aggressive tumor 
entity. They comprise a heterogenous group of individual 
malignancies arising from the biliary duct or gallbladder. 
These tumors may be subdivided into intrahepatic, perihilar 
and distal extrahepatic cholangiocarcinoma, as well as 
gallbladder carcinoma. They currently account for <1% of 
malignancies. At the same time, their rising incidence and 
mortality are increasing the requirement for effective treat‑
ment options (1‑3).

Surgical resection is the only curative treatment modality. 
The majority of BTCs are diagnosed at an advanced stage, due 
to unspecific or complete lack of symptoms, leaving a minority 
suitable for resection (4,5). Even after successful resection 
relapse rates are high, resulting in 5‑year overall survival rates 
of only 10‑35% (6,7).

Platinum‑based systemic chemotherapy is the established 
first‑line treatment for advanced BTC based on the phase‑III 
ABC‑02 trial. This study detected an improved overall survival 
(OS) in patients treated with a combination chemotherapy 
consisting of gemcitabine and cisplatin vs. gemcitabine alone 
(OS, 11.7 vs. 8.1 months) (8). However, sustained response 
remains infrequent and progression rates are high.

Of those patients who progressed under first‑line 
chemotherapy, 25‑50% may be eligible for subsequent 
lines of treatment  (9). The ABC‑06 trial demonstrated 
the beneficial effects of second‑line chemotherapy  (10). 
Fluorouracil‑based treatment regimens in combination with 
oxaliplatin or particularly irinotecan are frequently used as 
second‑line chemotherapy  (11‑13). Outcomes remain poor 
with a progression‑free survival (PFS) and OS between 
2.2‑3.6 and 6.7‑11 months, respectively (13‑15). 

Nanoliposomal irinotecan (nal‑IRI) is a liposomal-
encapsulated formulation of i r inotecan. The tight 
encapsulation of thousands of active irinotecan molecules 
within a polyethylene‑glycated lipid bilayer vesicle inhibits 
protein adsorption and subsequent elimination. The lipo‑
somal nanoparticles prolong systemic circulation with a 
slower release of irinotecan molecules. This enhances the 
anti‑tumor activity and prevents high peak plasma levels, 
resulting in improved tolerability. In addition, the lipo‑
phile formulation favors its accumulation in tumor tissue, 
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increasing exposure to the tumor cells. After phagocytosis 
by tumor‑associated macrophages, irinotecan is converted to 
its active up to 1,000‑fold more potent metabolite SN‑38. It 
induces double‑strand DNA damage during DNA synthesis by 
inhibiting topoisomerase‑I (16‑19).

A significant correlation between topoisomerase‑I 
activity and tumor cell sensitivity to SN‑38 was previously 
observed (20). Since topoisomerase‑I activity is enhanced in 
cisplatin‑resistant cancer cells, the use of irinotecan appears 
to be a reasonable choice in subsequent therapy regimens (21). 
The plasma concentration of unbound platinum is known to 
decline in a biphasic manner with an initial and secondary 
half‑life of 31.2 min and 20.1 h, respectively (22).

Nal‑IRI combined with leucovorin and 5‑fluorouracil 
(FOLFnal‑IRI) achieved notable results in patients with 
advanced pancreatic cancer as a second‑line treatment in 
the NAPOLI‑1 trial (23). These compelling results led to the 
initiation of clinical studies to assess its performance in first‑ 
and second‑line treatments of advanced BTC.

At present, evidence for the efficacy of this combination 
as a second‑line treatment for advanced BTCs is scarce. In 
the present study, the efficacy of a combined chemotherapy 
of FOLFnal‑IRI in advanced BTC previously treated with 
platinum‑based chemotherapy was assessed.

Materials and methods

Inclusion criteria. Patients were eligible for inclusion if 
they were 18 years or older with histologically confirmed 
cholangiocarcinoma or gallbladder cancer and began treat‑
ment with nal‑IRI in combination with leucovorin and 
5‑fluorouracil between 01/08/2017 and 01/04/2020 after initial 
platinum‑based chemotherapy at the University Hospital of 
Cologne (Cologne, Germany). Patients with ampullary tumors 
were excluded.

Data collection, end‑points and follow‑up. The data collected 
were patient demographics, subtype of BTC and stage at diag‑
nosis in accordance with the ‘Union Internationale Contre le 
Cancer’ guidelines (24), prior resection, and plasma levels of 
carbohydrate antigen 19‑9 (CA19‑9) during treatment. In addi‑
tion, the type of chemotherapy prior to and after FOLFnal‑IRI 
therapy, as well as the start and end date of FOLFnal‑IRI treat‑
ment, were documented. 

For the assessment of response, computed tomography and 
magnetic resonance imaging performed during treatment with 
FOLFnal‑IRI were reviewed and response was classified as 
complete or partial response, or stable or progressive disease 
according to the radiologist's evaluation. 

Toxicity was graded according to the ‘Common 
Terminology Criteria for Adverse Events’ (version  5.0) 
published by the US National Cancer Institute  (25). All 
documented grade III or higher adverse events, as well as 
alterations of laboratory parameters leading to dose reduction, 
were analyzed. 

Patients were followed up until death or 01/08/2020. OS 
was defined as the period from the start of FOLFnal‑IRI until 
death from any cause. Data on patients who were alive at the 
end of the follow‑up (01/08/2020) were regarded censored to 
the date of the last follow‑up. PFS was defined as the period 

from the start of FOLFnal‑IRI to the date of a documented 
disease progression or death. 

In accordance with the regional law (paragraph  15, 
sentence 1, North Rhine Medical Association's Professional 
Code of Conduct from 14th November 1998, as amended on 
16th November 2019, and paragraph 6, sentence 1, Health Data 
Protection Act of North Rhine Westphalia) (26), approval by a 
local ethics committee and written informed consent from the 
participants were not required due to the strictly retrospective 
design of the study.

Treatment. FOLFnal‑IRI was applied according to the 
NAPOLI‑1 trial protocol: Liposomal irinotecan at 70 mg/m2 
and folinic acid at 400 mg/m2, followed by 5‑fluorouracil 
infusion at  2,400  mg/m2 over the course of 46  h every 
2 weeks (23).

Statistical analysis. For descriptive analyses, SPSS version 26 
(IBM Corporation) was used. Categorical variables are 
presented as absolute numbers and relative frequencies. 
Continuous variables are expressed as the median (range). PFS 
and OS were estimated from Kaplan‑Meier curves.

Results

Patient characteristics. A total of 14 patients were treated 
with FOLFnal‑IRI during the period of interest. Of these, 
three patients were excluded from analysis: One patient 
received only one cycle of FOLFnal‑IRI and wished to 
stop further treatment due to personal reasons. One patient, 
already hospitalized and moribund due to end‑stage BTC 
and liver failure, received 50% FOLFnal‑IRI off‑label as a 
last resort but died shortly after and one patient was lost to 
follow‑up. Finally, 11 patients were included in the present 
study. The median age was 54 years (range, 41‑69 years). 
A total of 4  patients were female (36.4%). Furthermore, 
7 (63.6%) patients were diagnosed with intrahepatic cholan‑
giocarcinoma, 2 (18.2%) with gallbladder cancer and 1 (9.1%) 
with extrahepatic cholangiocarcinoma. Surgical resection 
was performed in 4 (36.4%) patients prior to therapy with 
FOLFnal‑IRI. The initial stage at the start of FOLFnal‑IRI 
administration according to the classification of the ‘Union 
International Contre Le Cancer’ was IV in the 11 (100%) 
patients (all previously resected patients had progressed to 
stage IV) (Table I). 

Treatment. The first‑line chemotherapy regimen was plat‑
inum‑based in all cases. Of the patients, 7 (63.6%) received 
FOLFnal‑IRI as their second‑, 3 (27.3%) as third‑ and 1 (9.1%) 
as their fourth‑line chemotherapy. Furthermore, one patient 
received FOLFnal‑IRI in combination with trastuzumab. A 
total of 6 (54.6%) patients received at least one subsequent 
chemotherapy after FOLFnal‑IRI (Table I).

The median duration of treatment with FOLFnal‑IRI was 
8.7 months (range, 0.9‑12 months) (Table II). FOLFnal‑IRI was 
postponed at least once in 5 (45.5%) patients and the dose of 
applied chemotherapy was reduced at least once in 7 patients 
(63.7%). A total of 3 grade III toxicities were recorded. In two 
patients, grade III diarrhea led to termination of treatment 
(data not shown).
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The mean CA19‑9 levels at the start and end of FOLFnal‑IRI 
were 309.6±449.1 and 708.9±1891.7 kU/l, respectively. The 
mean maximum reduction of CA19.9 during treatment was 
24.7±31.7% (data not shown).

Patient survival. The median PFS and OS from the start of 
FOLFnal‑IRI and OS from initial diagnosis of stage IV BTC 
were 5.1, 12.4 and 24.7 months, respectively (Figs. 1 and 2; 
Table  II). The median PFS of patients treated with 
FOLFnal‑IRI as second‑, third‑ and fourth‑line chemotherapy 
was 6.1, 3.9 and 5.1 months, respectively. The median OS of 
patients after the start of FOLFnal‑IRI as their second‑, third‑ 
and fourth‑line chemotherapy was 12.1, 12.4 and 16.5 months, 
respectively. A total of 5 (45.5%) patients were still alive at 
the date of censoring. Furthermore, 1 (9.1%) patient died prior 
to undergoing their subsequent staging examination after the 
start of treatment. The best documented radiological response 
was stable disease, which was achieved in 6 patients, resulting 
in a disease control rate of 54.6% (Table II).

Discussion

Patients with advanced BTC only have a small number of 
established therapeutic options in contrast to those with other 
tumor entities, e.g. lung cancer, where established options 
for further lines of treatment positively influence patient 
survival (27).

In the present study, promising results for FOLFnal‑IRI 
in advanced BTC after failure of initial platinum‑based 
chemotherapy are provided. FOLFnal‑IRI had remarkable 
efficiency with a disease control rate of 54.5%, a median PFS 
of 5.1 months and OS of 12.4 months. OS after initial diag‑

Table I. Patient characteristics (n=11).

Item	 Value

Female sex	 4 (36.4)
Age at initial diagnosis, years	 54 (41‑69)
Age at start of FOLFnal‑IRI, years	 56 (44‑69)
Subtype of BTC
  Intrahepatic cholangiocarcinoma	 7 (63.6)
  Extrahepatic cholangiocarcinoma 	 1 (9.1)
  Gallbladder carcinoma	 2 (18.2)
Prior resection of primary tumor performed	 4 (36.4)
Stage IV at treatment with 	 11 (100)
FOLFnal‑IRI
Initial platinum‑based chemotherapy 	 11 (100)
FOLFnal‑IRI as n line of therapy
  Second	 7 (63.6)
  Third	 3 (27.3)
  Fourth	 1 (9.1)
Patients with subsequent lines 	 6 (54.6)
of therapy

Values are expressed as n (%) or median (range). BTC, biliary tract 
cancer; FOLFnal‑IRI, combination of nanoliposomal irinotecan, 
leucovorin and 5‑fluorouracil.

Table II. Outcomes after initiation of FOLFnal‑IRI.

Item	 Value

Duration of treatment, months	 8.7 (0.9‑12)
Best radiological response
  Partial response	 0 (0)
  Stable disease	 6 (54.6)
  Progressive disease	 5 (45.5)
Progression‑free survival, months
  Total	 5.1 (1.1‑11.5)
  Second‑line	 6.1 (1.1‑11.5)
  Third‑line	 3.9 (2.1‑10.8)
  Fourth‑line	 5.1 (‑)
OS after initiation, months
  Total	 12.4 (3.9‑22.2)
  Second‑line	 12.1 (5.1‑22.2)
  Third‑line	 12.4 (3.9‑14.9)
  Fourth‑line	 16.5 (‑)
OS after initial diagnosis, months	 24.7 (10.1‑65.2)

Values are expressed as n (%) or median (range). FOLFnal‑IRI, 
combination of nanoliposomal irinotecan, leucovorin and 
5‑fluorouracil; OS, overall survival.

Figure 1. Kaplan‑Meier curve of overall survival after initiation of 
FOLFnal‑IRI. FOLFnal‑IRI, combination of nanoliposomal irinotecan, leu‑
covorin and 5‑fluorouracil. 

Figure 2. Kaplan‑Meier curve of progression‑free survival after initiation of 
FOLFnal‑IRI. FOLFnal‑IRI, combination of nanoliposomal irinotecan, leu‑
covorin and 5‑fluorouracil.
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nosis of stage IV BTC was 24.7 months and toxicity remained 
modest. At present, only limited data are available on the effi‑
cacy of FOLFnal‑IRI in advanced biliary tract malignancies. 

The analysis of the present study indicated favorable 
results compared to previous studies evaluating the benefit of 
second‑line chemotherapy in advanced BTC. A large multi‑
center retrospective study by Brieau et al (13) in 2015 involving 
patients treated with different second‑line regimens recorded 
a median PFS and OS of 3.2 and 6.7 months, respectively. A 
meta‑analysis of 25 studies provided comparable results for 
the mean PFS and OS (28). Of note, these studies were not able 
to demonstrate any difference between regimens with regard 
to fluorouracil‑ or gemcitabine‑based chemotherapy nor single 
or combination protocols. 

The results of the present study likely reflect the expected 
benefit of the novel liposomal formula of irinotecan compared 
to published data from patients with advanced BTC receiving 
conventional FOLFIRI as a second‑line treatment. In these 
studies, PFS and OS ranged from 2.4 to 3.5 months and from 
5.5  to  6.6  months, respectively  (11,29,30). Superiority of 
liposomal irinotecan over standard irinotecan in other malig‑
nancies has also been described in previous preclinical and 
clinical studies (17,18,31).

To the best of our knowledge, only one small retro‑
spective analysis of FOLFnal‑IRI in BTC was previously 
performed (32). This study included 14 patients from Austria 
and provided exceptional results. The PFS of 10.6 months 
and OS of 24.1 months after initiation of FOLFnal‑IRI as a 
subsequent line of treatment appear extraordinarily effective 
when comparing them to the OS of 11.7 months achieved 
by the combination therapy of gemcitabine and cisplatin as 
first‑line therapy in the ABC‑O2‑trial (8). The results of the 
present study relativize the exceptional results from Austria; 
however, FOLFnal‑IRI remains a promising treatment option 
with regard to limited results of other subsequent treatment 
regimens in advanced BTC. Due to these nonetheless prom‑
ising results, further investigation of the value of FOLFnal‑IRI 
as a treatment option in BTC is warranted.

The actual PFS may have been even higher in the 
present study if the radiologist's evaluation had been based 
on the RESPONSE EVALUATION CRITERIA IN SOLID 
TUMORS (RECIST) (33), as it has been in several of the 
above mentioned studies (29,30,32). Any reported increase in 
size or quantity was classified as disease progression, whereas 
progression according to the RECIST criteria is classified 
as an increase in size of >20%. Since these criteria are not 
applied in routine clinical practice at our institution, much 
higher rates of progressive disease may have been documented 
in this patient population.

Currently, numerous clinical studies are evaluating 
FOLFnal‑IRI in various disease entities. Of these prospec‑
tive trials, six investigate its performance in advanced BTC. 
The phase II NAPOLI‑2 trial (no. NCT04005339) evaluates 
the clinical activity of FOLFnal‑IRI in a single‑arm setting 
following gemcitabine and platinum chemotherapy. In 2017, the 
‘Working Group for Internal Oncology of the German Cancer 
Society’‑associated randomized phase  II trial NALIRICC 
(no. NCT03043547), which compares FOLFnal‑IRI to fluo‑
rouracil/folinic acid monotherapy in patients who progressed 
after first‑line chemotherapy with gemcitabine‑based regi‑

mens was started. Since 2018, another randomized phase II 
trial (no. NCT03524508) is comparing FOLFnal‑IRI to fluo‑
rouracil/folinic acid monotherapy as second‑line therapy after 
failure of initial combination therapy with gemcitabine and 
cisplatin. In addition, the randomized multicenter phase II trial 
NIFE (no. NCT03044587) is comparing FOLFnal‑IRI with 
gemcitabine and cisplatin as a first‑line treatment in patients 
with locally advanced or metastatic BTC. 

In addition, further improvement of FOLFnal‑IRI is under 
investigation. The NAPOLI‑3 trial examines the efficacy of 
the addition of oxaliplatin to FOLFnal‑IRI in pancreatic 
cancer and potential positive results may translate to further 
investigation in BTC. Furthermore, novel therapeutic agents 
are being investigated in combination with FOLFnal‑IRI. 
ACCRU‑GI‑1603 (no. NCT03337087) is a phase  I/II trial 
testing FOLFnal‑IRI in combination with the PARP inhibitor 
rucaparib in BTC and other gastrointestinal malignancies 
and simultaneous checkpoint inhibition with nivolumab in 
combination with FOLFnal‑IRI is being investigated in a 
phase Ib/II trial (no. NCT03785873) as a second‑line treat‑
ment in advanced BTC. The results of these studies are highly 
anticipated. 

Recently, targeted therapy became an encouraging option 
for subsequent therapy for BTC with fibroblast growth 
factor receptor fusion or isocitrate dehydrogenase‑1 muta‑
tions (34,35). However, merely 10‑15% of BTCs carry such 
targetable genetic alterations, limiting the impact of these 
drugs in the overall population of patients with advanced 
BTC (35,36).

While the results of the present analysis are promising, 
its limitations should be mentioned. The sample size was 
relatively small and the study was of a monocentric and 
retrospective nature. The lack of a control group and proper 
randomization may have led to survivorship bias, since 
healthier patients are more likely to receive subsequent lines 
of chemotherapy after failure of initial treatment regimens. 
Considering the dismal results of second‑line trials from the 
past in this difficult‑to‑treat disease, further investigation of 
the value of FOLFnal‑IRI as a treatment option in BTC is 
worthwhile. 

In conclusion, FOLFnal‑IRI demonstrated promising 
antitumor potential with an acceptable safety profile as a 
subsequent therapy regimen in advanced biliary tract malig‑
nancies. Further results of the above‑mentioned trials are 
highly anticipated to determine its potential as a treatment 
option in this difficult‑to‑treat entity.
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