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Abstract
In preclinical models of biliary tract cancer, NUC-1031 showed less potency than gemcitabine, no correlation with poten-
tial biomarkers and only moderate additive interaction in combination with cisplatin. These findings should prompt further 
careful pharmacological and translational studies to better define the purported therapeutic advantage of NUC-1031 over 
gemcitabine. That would be a more cautious approach than the phase III clinical trial which is planning to enrol 828 patients 
with biliary tract tumours to compare gemcitabine/cisplatin “conventional” treatment with or without NUC-1031.

Biliary tract cancer is an uncommon disease with a notori-
ously poor prognosis [1]. The only chance of curation is 
when a patient is eligible for radical surgical resection. How-
ever, most are not eligible, as 70–80% of the patients pre-
sent with advanced disease, for whom only systemic chem-
otherapy is considered a viable treatment option [2]. The 
most commonly used treatment consists of gemcitabine and 
cisplatin and is based on a seminal phase III trial performed 
by Valle and collaborators [3]. In this phase III study, 410 
patients with unresectable or metastatic biliary tract cancer 
were randomly assigned either gemcitabine and cisplatin, 
or gemcitabine monotherapy. The primary endpoint of this 
study was overall survival, with most patients discontinu-
ing treatment due to disease progression. After a follow-up 
of 8.2 months, the median survival rate of patients in the 
gemcitabine and cisplatin group was 11.7 vs. 8.1 months 
in the gemcitabine monotherapy group (HR 0.64; 95% CI 
0.52–0.80; p < 0.001). This study, supported by subsequent 
smaller studies reviewed by Park and collaborators [4], 

shows that systemic therapy by means of gemcitabine and 
cisplatin can be beneficial. However, considering the con-
tinuously poor prognosis, further research into appropriate 
and effective chemotherapeutic agents is warranted.

In this issue of Cancer Chemotherapy and Pharmacol-
ogy, Arora and collaborators  evaluate the potential of 
NUC-1031 in preclinical models of biliary tract cancer 
[5]. NUC-1031 is a pro-drug based on an aryloxy phospho-
ramidate derivative of gemcitabine, which was first devel-
oped as part of a new class of anti-cancer drugs, termed 
ProTides, to bypass potential mechanisms of resistance 
to gemcitabine [6]. Gemcitabine (2′,2′-difluorodeoxycyti-
dine, dFdC) is an antimetabolite ranking among the most 
extensively prescribed drugs in global clinical oncology 
[7]. Because of its hydrophilic nature, gemcitabine needs 
a transporter to pass the cellular membrane, predominantly 
the human equilibrative nucleoside transporter 1 (hENT1). 
Inside the cell, gemcitabine undergoes a rate-limiting 
activation step catalysed by deoxycytidine kinase (dCK) 
and is then phosphorylated to its active diphosphate and 
triphosphate metabolites (dFdCDP and dFdCTP). These 
inhibit ribonucleotide reductase (RR) and DNA synthe-
sis, respectively. Conversely, gemcitabine inactivation to 
2′,2′-difluoro-deoxyuridine (dFdU) is driven by cytidine 
deaminase (CDA), which is expressed ubiquitously and 
at very high levels in the liver [8]. Several studies have 
suggested that hENT1, dCK, RR and CDA are critical 
factors for gemcitabine activity because their deficiency 
or over-expression/activity has been involved in acquired 
resistance/sensitivity in various preclinical models [7]. 
The expression of hENT1 has been suggested to be a 
potential predictive biomarker of gemcitabine efficacy in 
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different tumour types, including cholangiocarcinoma [9]. 
However, the results of these studies in different tumour 
types are conflicting, suggesting the need for a validated 
standardized technique to assess hENT1 expression [10, 
11]. Because of the phosphoramidate moiety on the gem-
citabine monophosphate group, NUC-1031 has the fol-
lowing advantageous properties over its parent molecule:

1. it is more lipophilic and enters in tumour cells by passive 
diffusion, and it is, therefore, less dependent on hENT1,

2. following cellular uptake, the phosphoramidate group is 
cleaved, releasing dFdCMP, which is rapidly converted 
to dFdCDP and dFdCTP, bypassing the phosphorylation 
step by dCK,

3. this agent does not undergo systemic deactivation by 
CDA.

These three factors should help to overcome resistance 
to gemcitabine [6]. As a result, a higher accumulation of 
dFdCTP (at least 100-fold) was found in human lymphocytes 
in patients treated with NUC-1031 in a Phase I trial com-
pared to various schedules of gemcitabine [12, 13].

In the present study, the authors investigate the preclinical 
activity of NUC-1031 compared to gemcitabine and evalu-
ated the potential mechanisms of action in multiple cellular 
assays. This was done by employing a panel of 10 biliary 
tract cancer cell lines. Furthermore, they investigated candi-
date biomarkers that could predict sensitivity or resistance, 
including hENT1, RR and CDA expression, and performed 
combination studies with cisplatin. In addition, in vivo effi-
cacy of NUC-1031 and gemcitabine was evaluated, using 
a cholangiocarcinoma patient-derived xenograft with high 
CDA transcript levels. These efforts showed that NUC-1031 
had less potency than gemcitabine and showed only moder-
ate additive interaction in combination with cisplatin. The 
level of additive interaction was similar to the additive inter-
action of gemcitabine and cisplatin. This is possibly due to 
the low concentrations and the simultaneous exposure of 
the drugs used in the present study, as a sequential sched-
ule in which gemcitabine is administered before cisplatin 
has shown a higher synergy in various other study models 
[7]. However, the efficacy of both drugs was not correlated 
to the expression levels of the potential biomarkers, under-
mining the rationale of using NUC-1031 to enhance the 
effects of gemcitabine and overcome putative mechanisms 
of resistance. In addition, despite equivalent efficacy, the 
body weight loss of the mice treated with NUC-1031 was 
significantly higher and two out of five mice died, whereas 
zero died in the equimolar gemcitabine cohort. This effect of 
weight loss and death may be related to the higher accumula-
tion of dFdCTP in normal cells, as was seen for peripheral 
lymphocytes in the Phase I study [12, 13], and warrants fur-
ther investigation.

Most importantly, patients are now being recruited for the 
largest ever-planned phase III clinical trial in biliary tract 
cancer, which will compare treatment consisting of NUC-
1031 combined with cisplatin to gemcitabine combined with 
cisplatin. The author’s findings suggest that further studies 
are needed to determine the effects of NUC-1031 before 
implementation in such a clinical trial.

As bile duct carcinomas are rare, it is extremely difficult 
to perform thorough randomized controlled clinical trials. 
When randomized trials are performed this should prefer-
ably be done on the basis of thorough and evidence-based 
preliminary research. There are few available publications 
that assess NUC-1031 both in vitro and in vivo in cancer in 
general, and in biliary tract cancer specifically. The first stud-
ies on the application of ProTide technology on anti-cancer 
drugs led to the development of pro-drug NUC-1031, which 
showed its ability to overcome drug resistance in preclinical 
models, including multiple cellular assays and in vivo in 
pancreatic cancer xenografts [6]. In 2018, two preliminary 
studies reported controversial results on the clinical use of 
NUC-1031. One of these studies compared NUC-1031 with 
gemcitabine in patients with advanced pancreatic carcinoma 
and was suspended due to the minor potential of NUC-1031, 
based on unpublished information provided by Arora and 
collaborators [5]. The other study, named ABC-08, com-
bined NUC-1031 with cisplatin and compared this to gem-
citabine and cisplatin combination therapy in a small group 
of patients with biliary tract cancer. An objective response 
rate of 64% with 1 complete response and 6 partial responses 
in 11 biliary tract cancer patients was found [3, 15, 16]. 
The biggest randomized clinical trial that is underway for 
biliary tract cancer which has started recruiting patients in 
the United States of America, aiming to enrol 828 patients 
[ClinicalTrials.gov Identifier: NCT04163900], is based upon 
this open-label phase 1b study. As is common in studies of 
rare malignancies, the number of potential patients in this 
study is small and combined with the limited amount of 
adequate preliminary research, it is debatable whether this 
is a safe basis for such a substantial clinical trial for patients 
with biliary tract cancer. A preferable alternative would be 
to establish the efficacy of NUC-1031 in more appropriate 
in vivo models before patient recruitment.

In addition, the identification of biomarkers that are 
associated with sensitivity and resistance to NUC-1031 
will be of value to further define the clinical deployment 
of this agent. With these biomarkers, we can potentially 
improve our understanding of the mechanisms of resist-
ance to this drug and thereby select the most appropriate 
therapy for each patient. Studies on these biomarkers should 
be informed by current findings on emerging genetic and 
epigenetic biomarkers which are being evaluated in biliary 
tract cancers [16, 17]. An ideal panel of these predictive/
prognostic biomarkers should facilitate the choice of the best 
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systemic treatment and be drawn from minimally invasive 
samples, such as biliary brush cytology and blood. Liquid 
biopsies are particularly appealing in biliary tract cancers 
because of the limited availability of tissue biopsies as well 
as the fact that they offer the potential to (1) characterize 
tumour heterogeneity and (2) monitor tumour progression 
and response to treatment.

In conclusion, in light of the study by Arora and col-
laborators [5], further research should be conducted on 
NUC-1031 and other gemcitabine derivatives before enter-
ing clinical studies. This is due to the lack of preclinical 
data surrounding its efficacy. A preferable type of evaluation 
should focus on solid preclinical data characterized by the 
identification of biomarkers for prediction of sensitivity and 
resistance to NUC-1031. This type of data will be of value 
to further define the clinical deployment of this agent, which 
in turn will be used to treat patients with biliary tract cancer 
more effectively.

Acknowledgements The authors would like to thank the Bennink 
Foundation (The Netherlands) and Associazione Italiana per la Ricerca 
sul Cancro (AIRC, Italy)

Compliance with ethical standards 

Conflict of interest The author declares that they have no conflict of 
interest.

References

 1. Kendall T, Verheij J, Gaudio E, Evert M, Guido M, Goeppert B, 
Carpino G (2019) Anatomical, histomorphological and molec-
ular classification of cholangiocarcinoma. Liver Int 39(Suppl 
1):7–18. https ://doi.org/10.1111/liv.14093 

 2. Esnaola NF, Meyer JE, Karachristos A, Maranki JL, Camp ER, 
Denlinger CS (2016) Evaluation and management of intrahe-
patic and extrahepatic cholangiocarcinoma. Cancer 122:1349–
1369. https ://doi.org/10.1002/cncr.29692 

 3. Valle J, Wasan H, Palmer DH, Cunningham D, Anthoney A, 
Maraveyas A, Madhusudan S, Iveson T, Hughes S, Pereira SP, 
Roughton M, Bridgewater J, Investigators for the ABC-02 trial 
(2010) Cisplatin plus gemcitabine versus gemcitabine for bil-
iary tract cancer. N Engl J Med 362:1273–1281. https ://doi.
org/10.1056/NEJMo a0908 721

 4. Park JO, Oh DY, Hsu C, Chen JS, Chen LT, Orlando M, Kim JS, 
Lim HY (2015) Gemcitabine plus cisplatin for advanced biliary 
tract cancer: a systematic review. Cancer Res Treat 47(3):343–
361. https ://doi.org/10.4143/crt.2014.308

 5. Arora M, Bogenberger JM, Abdelrahman A, Leiting JL, Chen 
X, Egan JB, Kasimsetty A, Lenkiewicz E, Malasi S, Luiz Ser-
rano Uson Junior P, Marius Nagalo B, Zhou Y, Salomao MA, 
Kosiorek HE, Braggio E, Barrett MT, Truty MJ, Borad MJ 
(2020) Evaluation of NUC-1031: a first-in-class ProTide in 
biliary tract cancer. Cancer Chemother Pharmacol. https ://doi.
org/10.1007/s0028 0-020-04079 -z

 6. Slusarczyk M, Lopez MH, Balzarini J, Mason M, Jiang WG, 
Blagden S, Thompson E, Ghazaly E, McGuigan C (2014) 

Application of ProTide technology to gemcitabine: a success-
ful approach to overcome the key cancer resistance mechanisms 
leads to a new agent (NUC-1031) in clinical development. J 
Med Chem 57(4):1531–1542. https ://doi.org/10.1021/jm401 
853a

 7. Elnaggar M, Giovannetti E, Peters GJ (2012) Molecular targets 
of gemcitabine action: rationale for development of novel drugs 
and drug combinations. Curr Pharm Des 18(19):2811–2829. 
https ://doi.org/10.2174/13816 12128 00626 175

 8. Ciccolini J, Serdjebi C, Peters GJ, Giovannetti E (2016) Phar-
macokinetics and pharmacogenetics of gemcitabine as a main-
stay in adult and pediatric oncology: an EORTC-PAMM per-
spective. Cancer Chemother Pharmacol 78:1–12. https ://doi.
org/10.1007/s0028 0-016-3003-0

 9. Brandi G, Deserti M, Vasuri F, Farioli A, Degiovanni A, Palloni 
A, Frega G, Barbera MA, de Lorenzo S, Garajova I, Di Marco 
M, Pinna AD, Cescon M, Cucchetti A, Ercolani G, D’Errico-
Grigioni A, Pantaleo MA, Biasco G, Tavolari S, G.I.CO. 
(Gruppo Italiano Colangiocarcinoma) (2016) Membrane locali-
zation of human equilibrative nucleoside transporter 1 in tumor 
cells may predict response to adjuvant gemcitabine in resected 
cholangiocarcinoma patients. Oncologist 21(5):600–607. https 
://doi.org/10.1634/theon colog ist.2015-0356

 10. Meijer LL, Puik JR, Peters GJ, Kazemier G, Giovannetti E 
(2016) hENT-1 expression and localization predict outcome 
after adjuvant gemcitabine in resected cholangiocarcinoma 
patients. Oncologist 21(12):e4. https ://doi.org/10.1634/theon 
colog ist.2016-0262

 11. Raffenne J, Nicolle R, Puleo F, Le Corre D, Boyez C, Marechal 
R, Emile JF, Demetter P, Bardier A, Laurent-Puig P, de Mes-
tier L, Paradis V, Couvelard A, VanLathem JL, MacKey JR, 
Bachet JB, Svrcek M, Cros J (2019) hENT1 testing in pancreatic 
ductal adenocarcinoma: are we ready? A multimodal evalua-
tion of hENT1 status. Cancers (Basel) 11(11):1808. https ://doi.
org/10.3390/cance rs111 11808 

 12. Rizzuto I, Ghazaly E, Peters GJ (2017) Pharmacological factors 
affecting accumulation of gemcitabine’s active metabolite, gem-
citabine triphosphate. Pharmacogenomics 18:911–925. https ://
doi.org/10.2217/pgs-2017-0034

 13. Blagden SP, Rizzuto I, Suppiah P, O’Shea D, Patel M, Spiers L, 
Sukumaran A, Bharwani N, Rockall A, Gabra H, El-Bahrawy 
M, Wasan H, Leonard R, Habib N, Ghazaly E (2018) Anti-
tumour activity of a first-in-class agent NUC-1031 in patients 
with advanced cancer: results of a phase I study. Br J Cancer 
119(7):815–822. https ://doi.org/10.1038/s4141 6-018-0244-1

 14. Knox JJ, McNamara MG, Palmer DH, Jeffry Evans TR, Gold-
stein D, Bridgewater JA, Valle JW (2019) NUC-1031 in com-
bination with cisplatin for first-line treatment of advanced 
biliary tract cancer. JCO 37:TPS4156–TPS4156. https ://doi.
org/10.1200/JCO.2019.37.15_suppl .TPS41 56

 15. McNamara MG, Bridgewater JA, Palmer DH, Singh Wasan H, 
Ryder D, Gnanaranjan C, Ghazaly E, Jeffry Evans TR, Valle 
JW (2018) ABC-08: A phase Ib, multi-centre, open-label study 
of a first-in-class nucleotide analogue NUC-1031 in combina-
tion with cisplatin in patients with locally advanced/metastatic 
biliary tract cancers. JCO 36:TPS544. https ://doi.org/10.1200/
JCO.2018.36.4_suppl .TPS54 4

 16. Roos E, Soer EC, Klompmaker S, Meijer LL, Besselink MG, 
Giovannetti E, Heger M, Kazemier G, Klumpen HJ, Takkenberg 
RB, Wilmink H, Wurdinger T, Dijk F, van Gulik TM, Verheij J, 
van de Vijver MJ (2019) Crossing borders: a systematic review 
with quantitative analysis of genetic mutations of carcinomas 
of the biliary tract. Crit Rev Oncol Hematol 140:8–16. https ://
doi.org/10.1016/j.critr evonc .2019.05.011

 17. Puik JR, Meijer LL, Le Large TY, Prado MM, Frampton 
AE, Kazemier G, Giovannetti E (2017) miRNA profiling for 

https://doi.org/10.1111/liv.14093
https://doi.org/10.1002/cncr.29692
https://doi.org/10.1056/NEJMoa0908721
https://doi.org/10.1056/NEJMoa0908721
https://doi.org/10.4143/crt.2014.308
https://doi.org/10.1007/s00280-020-04079-z
https://doi.org/10.1007/s00280-020-04079-z
https://doi.org/10.1021/jm401853a
https://doi.org/10.1021/jm401853a
https://doi.org/10.2174/138161212800626175
https://doi.org/10.1007/s00280-016-3003-0
https://doi.org/10.1007/s00280-016-3003-0
https://doi.org/10.1634/theoncologist.2015-0356
https://doi.org/10.1634/theoncologist.2015-0356
https://doi.org/10.1634/theoncologist.2016-0262
https://doi.org/10.1634/theoncologist.2016-0262
https://doi.org/10.3390/cancers11111808
https://doi.org/10.3390/cancers11111808
https://doi.org/10.2217/pgs-2017-0034
https://doi.org/10.2217/pgs-2017-0034
https://doi.org/10.1038/s41416-018-0244-1
https://doi.org/10.1200/JCO.2019.37.15_suppl.TPS4156
https://doi.org/10.1200/JCO.2019.37.15_suppl.TPS4156
https://doi.org/10.1200/JCO.2018.36.4_suppl.TPS544
https://doi.org/10.1200/JCO.2018.36.4_suppl.TPS544
https://doi.org/10.1016/j.critrevonc.2019.05.011
https://doi.org/10.1016/j.critrevonc.2019.05.011


1014 Cancer Chemotherapy and Pharmacology (2020) 85:1011–1014

1 3

diagnosis, prognosis and stratification of cancer treatment in 
cholangiocarcinoma. Pharmacogenomics 18(14):1343–1358. 
https ://doi.org/10.2217/pgs-2017-0010

Publisher’s Note Springer Nature remains neutral with regard to 
jurisdictional claims in published maps and institutional affiliations.

https://doi.org/10.2217/pgs-2017-0010

	NUC-1031 in biliary tract cancer: from bench to bedside and back?
	Abstract
	Acknowledgements 
	References




