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Fluoropyrimidines - an early example of a 
rationally designed chemotherapy

From Wilson PM et al., Nat Rev Clin Oncol, 2014, modified

1944-
1953

When substituted for hydrogen in simple organic acids (acetic acid) and 
experimental compounds (4-dimethylaminoazobenzene), fluorine had been 
shown to be a toxic principle (Marais, Onderstepoort J Vet Res, 1944; Miller et 
al., Cancer Res, 1953)

1952-
1953

Early nucleic-acid analogues (6-mercaptopurine) had demonstrated promising  
antitumor activity (Elion & Hitchings, J Am Chem Soc, 1952; Cancer Res, 1953; 
Burchenal, Blood, 1953)

1954 Rat hepatoma tumors incorporated uracil into nucleic acids to a considerably 
greater extent than corresponding normal tissues (Rutman et al., Cancer Res, 
1954)

1957 Synthetic uracil-based compounds such as 6-azauracil had demonstrated 
promising antitumor activity (Sablik & Sorm, Neoplasma, 1957; Jaffe et al., Yale 
J Biol Med, 1957)

• Charles Heidelberger designed novel fluoropyrimidine compounds 

based on four previously documented phenomena:





Milestones in development of fluoropyrimidines
1957 Heidelberger & Duschinsky synthesize the first fluoropyrimidines, including

5-FU (Nature; J Am Chem Soc)

1958 Heidelberger synthesizes 5-fluoro-2’deoxyuridine (FUDR) (Proc Soc Expt Biol
Med)

1958 Curreri leads the clinical development program of 5-FU at the University of 
Wisconsin Hospital (Cancer Res)

1962 5-FU is approved by FDA for CRC in the metastatic and adjuvant settings

1970 FUDR is approved by FDA

1974 The quadruple drug regimen, cyclophosphamide, methotrexate, 5-FU and 
prednisone (CMFP), improves clinical outcome of mBC (Cannellos, Br J Med)

1976 The CMF regimen is shown to be effective as adjuvant treatment for node-
positive BC (Bonadonna, NEJM)

1989 Bonadonna tells the story in his Karnofky Memorial Lecture at ASCO (JCO)



Structures of fluoropyrimidines and their
normal counterpart

From Heidelberger C et al., Cancer Res, 1958;  Heidelberger C & Ansfield FJ, Cancer Res, 1963



5-FU exerts powerful tumor-inhibitory activity
in a number of transplanted tumors in rats and mice

Heidelberger C et al., Proc Soc Exptl Biol Med, 1958



From Heidelberger C “On the Rationale Development of a New Drug; The Example of the Fluorinated
Pyrimidines” Cancer Treat Rep, 1981, modified

A summary of the biochemistry and metabolism of fluoropyrimidines (I)

Catabolism Anabolism

TS
dTDP dTTP DNA

FdUTP FDNA FU
16 16 20 21

22

+ Apyrimidinic
DNA

Repair

23

Chaudhuri NK et al., 
Cancer Res, 1958

Hartmann KU & Heidelberger C,
J Biol Chem, 1961

Bosch L et al., 
Cancer Res, 1958

1. FU is incorporated into RNA 2. Fluoropyrimidines inhibit incorporation
of formate-14C into DNA thymine

3. FUDMP is a powerful and 
competitive inhibitor of TS



A total of 103 cases were reported
with all source of solid tumors, 

leukemias and lymphomas





• Results were definitive and important for future integration of 
5-FU into the standard treatment regimens for breast and 
colon cancer. 

• Several conclusions from the studies of Curreri et al., (Cancer 
Res, 1958) deserve mention: 
– Analgesics were no longer required for the relief of pain in the 

majority of patients following treatment with 5-FU. 

– The objective response rate was 25% in patients receiving what 
they considered an adequate therapeutic dosage, but regressions 
were noted only in those patients manifesting severe toxicity. 

– Finally, patients with solid tumors that responded to repeated 
courses of 5-FU did not develop resistance.





Randomized study of adjuvant CMF  in operable breast cancer
Treatment outcome after a median observation of 28.5 years

A. RFS B. OS

• Complementary inhibition

179 pts

207 pts

p=0.005 p=0.04

Sartorelli AC, Cancer Res, 1969

• 5-FU was destined to join the 
antifolate methotrexate and 
alkylating agent cyclophosphamide

Treatment outcome in node negative and oestrogen receptor negative 
tumours: 20 year results

C. RFS D. OS

45 pts
45 pts

p=0.009 p=0.01

Bonadonna G. et al., 2005



Milestones in the development of
trifluorothymidine (TFT) (I)

1962-
1964

Heidelberger synthesizes 5-trifluomethyl-2’-deoxyuridine 
(trifluorothymidine, TFT) 
(J Am Chem Soc, 1962; J Med Chem, 1964)



Milestones in the development of trifluorothymidine (TFT) (II)

1964 Activity of TFT is demonstrated in experimental tumor models (Heidelberger & 
Anderson, Cancer Res)

1964 TFT is shown to be also a very potent antiviral agent; it is active against herpes simplex 
keratitis (Kaufman & Heidelberger, Science)

1965 It is shown that TFT is phosphorylated to monophosphate form (TFT-MP) (Heidelberger
et al., Cancer Res)

1965 TFT-MP mediates thymidylate synthase (TS) inhibition (Reyes & Heidelberger, Mol
Pharmacol)

1969 TFT is incorporated into DNA in tumor cells in culture (Fujiiwara et al., Mol Pharmacol)

1971-
1994

TFT-MP binds to the active site of TS in the absence of the 5,10-CH2F4 at the catalytic
residue tyrosine 146 and forms a stable covalent complex (Santi & Sakai, Biochemistry, 
1971; Eckstein et al., Biochemistry, 1994)

2004-
2005

Evidence is accumulating that TFT triphosphate (TFT-TP) incorporation into DNA is the 

main mechanism of action of the drug (Temmink et al., Anti-Cancer  Drugs, 2005; Emura

et al., Int J Mol Med, 2004), causing cell death due to DNA strand-break formation 

(Emura et al., Int J Oncol, 2004)

> 2005 Continued …



From Heidelberger C  “On the Rationale Development of a New Drug; The Example of the Fluorinated
Pyrimidines” Cancer Treat Rep, 1981, modified

A summary of the biochemistry and metabolism
of fluoropyrimidines (II)

Reyes & Heidelberger. 
Mol Pharmacol, 1965

Fujiwara Y et al., 
Mol Pharmacol, 1969

Heidelberger et al., Cancer Res, 1965; 
Rogers et al., Cancer Res, 1969; 

Dexter et al., 1972

Catabolism Anabolism
TS

2. TFT is incorporated into DNA 

1. TFT-MP mediates TS inhibition



TFT early clinical development

1971 Some of the administration schedules results in a reduction of 
tumor size (8 out of 23 breast cancers and 1 out of 6 colon 
cancers) (Ansfield and Ramirez, Cancer Chemother Rep, 1971).
However, its clinical evaluation is discontinued because of a 
poor pharmacokinetic profile (short serum half-life) and side 
effects (severe and prolonged bone marrow depression)

1975-
1980

Comparative clinical studies of TFT in  the topical treatment of
herpes simplex eye infections demonstrate clinical activity
(reviewed in Carmine, Drugs, 1982)

1980 TFT is approved by FDA for the use in HSV keratitis (Viroptic)

… Continued …



Definition of biochemical modulation
• An important concept that has emerged in clinical 

oncology from laboratory studies if that of biochemical 
modulation. 

• This refers to the ‘pharmacological manipulation’ of 
intracellular metabolic pathways of an antineoplastic drug 
(effector) by a so-called modulating agent to produce 
either a selective enhancement of its antitumor activity or 
a selective protection of the host.

Bertino & Mini, 1987
Mini et al., Pharmacol Ther,  1990
Mini & Bertino, 1991



Biochemical Modulation of 5-FU (FUra) (I)
Modulating agent Proposed mechanisms Sequence of

administrationb
Tested tumor
systems

Folate coenzymes

LV, 5-CH3H4PteGlu Enhanced formation and retention of the ternary complex
FdUMP-5,10CH2H4PteGlu-TS

, + In vitro, mice, 
humans

Antimetabolites

MTX Enhanced FUra anabolism due to increased PRPP levels
and/or enhanced FdUMP binding to TS due increased
H2PteGlun levels

 In vitro, rodents, 
humans

MMPR Enhanced FUra anabolism due to increased PRPP levels  In vitro, mice, 
humans

PALA Enhanced FUMP synthesis due to decreased competing
orotate pool 

 In vitro, rodents, 
humans

HU Enhanced inhibition of TS by FdUMP due to decreased
dUMP levels via ribonecluotide reductase inhibition

 In vitro, mice, 
humans 

DIP Inhibition of Fura nucleotide efflux (i.e., Fudr and FdUrd) + In vitro, humans

HPP Selective protection of normal tissue due to decreased
FUMP synthesis via OPRTase by HHP metabolites

+ In vitro, mice, 
humans

UTP, Urd triphosphate; FUdr, fluorouridine
b, modulating agent before FUra; +, modulating simoultaneously FUra ; , modulating agent after FUra

Mini E & Bertino JR “Biochemical modulation of 5-fluorouracil by metabolites and antimetabolites”, in Synergism and Antagonism in 
Chemoterapy , Chou TC & Rideout DC Eds, cap 13, 1991



Biochemical Modulation of 5-FU (Fura) (II)

Modulating agent Proposed mechanisms Sequence of
administrationb

Tested tumor
systems

Metabolites

Purines:

• Ino Enhanced FUra anabolism due to increased ribose-1-
phospate levels

, + In vitro, mice

• Guo Enhanced FUra anabolism due to increased ribose-1-
phospate levels

, + In vitro, mice

• dIno Enhanced FdUMP synthesis due to increased
deoxyribose-1-phospate levels

, + In vitro, mice

Pyrimidines:

• dThd Enhanced FUTP synthesis and/or diminuished Fura
catabolism

, + In vitro, mice, 
humans 

• Urd Selective rescue of normal tissues due to enhanced UTP  
synthesis and competition with FUTP

 In vitro, mice, 
humans

UTP, Urd triphosphate; FUdr, fluorouridine
b, modulating agent before FUra; +, modulating simoultaneously FUra ; , modulating agent after FUra

Mini E & Bertino JR “Biochemical modulation of 5-fluorouracil by metabolites and antimetabolites”, in Synergism and 
Antagonism in Chemoterapy , Chou TC & Rideout DC Eds, cap 13, 1991



Milestones in 5-FU biochemical modulation  
1974 The mechanism of fuoropyrimidine inhibition of TS and the ‘ternary complex’ 

are described  (Santi, Biochemistry; Danenberg, Biochemistry)

1978 Potentation of 5-FU by folinic acid is demonstrated in tumor cells (Ullmann, 
PNAS)

1989 Folinic acid is incorporated into 5-FU regimens improving clinical outcomes in 
mCRC (Poon, JCO)

1992-
2004

The Meta-analysis Group in Cancer confirms the advantage of folinic acid/5-FU 
over 5-FU alone in terms of OR (JCO, 1992) and OS in mCRC (JCO, 2004) 

1993 Efficacy of folinic acid/5-FU in adjuvant therapy for CRC is reported  (Wolmark, 
JCO)

1997 An hybrid regimen containing both folinic acid/5-FU bolus and 5-FU continuous 
infusion is more effective and less toxic than a folinic acid/5-FU bolus regimen 
(de Gramont, JCO)

1998 Clinical trials reports that 5-FU administered as a continuous infusion is 
superior to bolus injection (Meta-analysis Group in Cancer, JCO)

… Continued 



Ternary complex formation between CH2FH4, FdUMP, MTX 
and thymidylate synthetase

Bertino JR “Toward improved selectivity in cancer 
chemotherapy: the Richard and Hinda Rosenthal 

Foundation Award Lecture” Cancer Research, 1979

E, enzyme.

CH2H4PteGlu(n) H2PteGlu(n)

(MTX)Structure of the thymidylate
synthase-FdUMP-CH2-H4 folate 
complex.

Santi DV et al., Biochemistry, 1974

Compound 5-substituent Ki (M) Log 1/Ki, obsd Log 1/Ki, calcd

dTMP CH3 15.5 4.80 4.67

HOCH2-dUMP CH2OH 8.3 5.08 4.84

dUMP H 5.2 5.29 5.73

IdUMP I 1.6 5.79 5.56

BrdUMP Br 1.4 5.85 6.50

CldUMP Cl 0.19 6.72 6.81

CF3-dUMP CF3 0.039 7.41 7.51

FdUMP F 0.014 7.85 7.33

CHO-dUMP CHO 0.017 7.77 7.75

Inibithion of thymidylate synthetase by 5-substitued derivations of
dUMP and QSAR-calculated values

Santi DV. Bristol-Myers Cancer Symposia, 1981

dUMP + CH2-H4folate  H2 folate + dTMP



Sequence dependent synergism of LV (A) or 5-CH3H4PteGlu (B) 
and FUra or FdUrd on CCRF-CEM cell growth

A) LV B) 5-CH3CH4PteGlu

From Mini et al., Biochem Pharmacol, 1987From Mini et al., Cancer Treat Rep, 1987



• Thirty patients with advanced CRC and five with advanced gastric adenocarcinoma were 
studied.

• Treatment: 5-FU (370-400 mg/m2/day) and high-dose folinic acid (200 mg/m2/day) given 
simultaneously for 5 consecutive days, with a 21-day interval between treatments. 

• CRC patients: 16 had not been previously treated with cytostatic agents and 14 were resistant 
to previous chemotherapy with 5-FU. 

• Response rates in CRC pts: 56% and 21% in the previously untreated and the previously 
treated patients, respectively. 

• Gastric adenocarcinoma (previously untreated): three achieved a partial response. 

• Conclusion:  in these types of tumors, folinic acid at high doses increases the effectiveness of 
5-FU given simultaneously and renders some CRC, previously resistant to 5FU, sensitive to this 
drug. 



PATIENTS AND METHODS:

• Analyses are based on individual data from 3,300 patients randomized in 19 trials on an intent-to-treat 
basis. 

• FU doses were similar in both arms in 10 pair-wise comparisons, 15% to 33% higher in the FU-alone 
arm in six comparisons, and more than 66% higher in five comparisons.

RESULTS:

• Overall analysis showed a two-fold increase in tumor response rates (11% for FU alone v 21% for FU-LV; 
OR, 0.53; 95% CI, 0.44 to 0.63; P <.0001) and a small but statistically significant overall survival benefit 
for FU-LV over FU alone (median survival, 11.7 v 10.5 months, respectively; HR, 0.90; 95% CI, 0.87 to 
0.94; P =.004), which were primarily seen in the first year. 

CONCLUSION:

• This updated analysis demonstrates that FU-LV improves both response rate and overall survival 
compared with FU alone and that this benefit is consistent across various prognostic factors.



Relation between response to 5-FU-based treatment and baseline TS levels (A),  
5-FU incorporation into RNA1 (B),  and 5-FU incorporation into DNA1 (C)

B C

A

Noordhuis P et al., Ann Oncol, 2004

148 after h administration of either i.v. 
leucovorin (LV)/5-FU (closed symbols) or i.a. 
5-FU (open symbols) 

Each point represents a single sample. PD, 
progressive disease; SD, stable disease; PR, 
partial response; CR, complete remission.

These data support TS as the main target



PURPOSE:
To determine if fluorouracil (FUra) has different mechanisms of action as a function of the 
dose schedule used.
DESIGN:
Preclinical and clinical literature relating toxicity and antitumor effects of FUra as a function of 
its dose schedule, with and without modulating agents, was reviewed.
RESULTS:
FUra may be considered to be two different drugs, depending on its dose schedule (bolus v 
continuous infusion [CI]).
CONCLUSION:
An additional therapeutic benefit may be obtained from FUra regimens by: 

(1) appropriate schedule-dependent modulation, 
(2) the sequential or alternating use of cycles of bolus followed by cycles of CI FUra
appropriately modulated, or 
(3) hybrid regimens, ie, those that contain both pulse and CI schedules.



Median dUrd concentration and mean percentage (SD) dUrd elevation
versus time for bolus 5-FU/LV (A) and continuous infusion 5-FU (B)

Ford HER et al., Clin Cancer Res, 2002

A. Bolus 5-FU/LV

B. Continuous infusion 5-FU



1.Dose limiting myelosuppression ... 

2.Erratic oral absorption.

3.Single agent antitumor responses of only 20-30%

4.Limited response in gastrointestinal (GI), breast, 
gynecologic, and head and neck tumors.

5.Unpredictable,  infrequent central nervous 
system (CNS) toxicity.

From Friedman MA & Ignoffo RJ, Cancer Treat Rev, 1980, modified

Specific disadvantages of 5-FU



1. Less myelotoxicity which would allow for combinations with drugs 
causing hematotoxicity

2. Less non-hematologic toxicity

3. Significant oral absorption

4. Greater objective activity or broader spectrum of activity against 
common adult malignancies such as breast or GI cancer

5. Mechanism of action that would allow enhanced activity when 
combined with other agents

From Friedman MA & Ignoffo RJ, Cancer Treat Rev, 1980 modified

Desirable attributes of novel fluoropyrimidines

Tegafur CapecitabineEM-FU

Giller et al., Dokl Acad Nauk SSSR, 1967
El-Sayed & Sadee. Biochem Pharmacol, 1982

Arasaki et al, Eur Pt no. 92121538,0, 1992
Miwa et al., Eur J Cancer, 1998

Fujii, Gan To Kagaku Ryoho, 1987
Fujii et al., Jpn J Cancer Res, 1989

OH

5’-Hydroxytegafur

5-FU
5-FU

5-FUCYP-450 CYP-450



Biochemical modulation of oral 5-FU, 5-FU prodrugs
and 5-FU analogues

5-FU

FUDR FdUMP

FUMP

Anabolism to:

TP
inhibitor

Tipiracil

Oteracil

FUH2
FBAL

DPD
inhibitor

Uracil

Dihydro-pyrimidine-2,4-
dione

Eniluracil

5-ethynyluracil

Gimeracil

5-chloro-2,4-
dihydroxypyridine

5-chloro-6-[(2-iminopyrrolidin-1-yl)methyl] -
1H-pyrimidine-2,4-dione

5-azaorotic acid

CNDP

3-cyano-2,6-
dihydroxypyridine

Catabolism to:

FRNA

TS

FdUTP

FDNA

OPRT  Inhibitor
GI tract



Drug Composition Synthesis Originator/ 
subsequent
developer*

FDA Approval Initial indication

capecitabine
(Ro 09-1978)

European patent (Arasaki et al, Eur 
Pt no. 92121538,0), 1992

Roche 1998 paclitaxel and 
anthracycline
refractory mBC

Eniluracil eniluracil (DPDI) with 
oral 5-FU [10:1]

Porter et al, J Biol Chem 1992 GlaxoSmith Kline 2005 (orphan 
drug)

in combination with 
fluoropyrimidines
for HCC

UFT
(776C85)

tegafur/uracil (DPDI) 
[1:4]

Fujii et al, Gan 1978 Taiho
Pharmaceutical/ 
Bristol Myers 
Squibb

2005 EMA 
(revoked AIFA 

2013)

mCRC

Emitefur
(BOF-A2) 

EM-FU/CNDP (DPDI) 
[1:1]

Fujii, Gan To Kagaku Ryoho, 1987 Otsuka
Pharmaceutical

not approved

UFT/ leucovorin
(Orzel)

tegafur/uracil (DPDI) 
[1:4] copackaged with
leucovorin calcium

Bristol Myers 
Squibb

not approved

S-1 (BMS247616) tegafur/gimeracil
(DPDI)/ oteracil (OPRTI) 
[1:0.4:1]

S-1: Shirasaka et al Anticancer
Drugs, 1996; oteracil: 
Handschumacher et al Cancer Res
1963; Shirasaka Cancer Res, 1993; 
gimeracil: Tatsumi et al Jpn J Cancer
Res 1987

Taiho 
Pharmaceutical 

2011 EMA advanced GC in 
combination with 
cisplatin

TAS-102 trifluridine/tipiracil (TPI) 
[1:0,5]

Trifluridine:  Heidelberger et al., J 
Med Chem 1964; tipiracil: 
Matsushita et al Cancer Res 1999 

Taiho 
Pharmaceutical 

2015 third-line treatment 
for advanced CRC

DPDI: DPD inhibiting pyrimidine; OPRTI: OPRT, inhibiting pyrimidine; TPI: TP inhibiting pyrimidine

Oral 5-FU, 5-FU prodrugs, 5-FU analogues &  modulators



Selective metabolic activation and antitumor activity
of capecitabine

Miwa M  et al., Eur J Cancer, 1980

• In cultures of human cell lines, the highest
level of cytotoxicity was shown by 5-FU 
followed by 5’-dFUrd

• Capecitabine and 5’-dFCyd had weak
cytotoxic activity

• The cytotoxicity of the intermediate 
metabolites 5’-dFCyd and 5’-dFUrd was
suppressed by Cyd deaminase and dThdPase, 
respectively indicating that these metabolites
become effective only after their conversion
to 5-FU

• Capecitabine was safer and more effective
than 5-FU in human cancer xenograft models
(higher therapeutic index)

N(4)-pentyloxycarbonyl-
5'-deoxy-5-fluorocytidine

5'-deoxy-5-
fluorocytidine

5'-deoxy-5-fluorouridine



The efficacy of capecitabine correlates with the ratio of 
dThdPase to DPD activities in human cancer xenografts

The enzyme activities and their ratios in human cancer xenograft lines
susceptible (S) and refractory (R) to capecitabine are plotted.
N.S., not significant (P > 0.05).

Ishikawa T et al., Cancer Res, 1998

The efficacy of capecitabine would be optimized by selecting patients
who have tumors with a high ratio of dThdPase to DPD activities

• DPYD is highly expressed upon 
EMT induction. 

• Its role is mediated through its 
catalytic activity and enzymatic 
products, the dihydropyrimidines.



Capecitabine registrative trials*
Reference Setting Primary

end-point
Experimental

Arm
Control Arm Dose 

(mg/m2/die 
g1,14 q21)

Pts, 
no

Key efficacy
results

Breast cancer
Blum JCO 1999 Metastatic 

taxane and 
anthracycline 

refractory 
[phase II]

RR capecitabine - 2500 163 RR: 20%

O'Shaughnessy JCO 
2002

Metastatic after 
anthracycline-

based regimens

TTP capecitabine + 
docetaxel

docetaxel 2500 511 TTP: 
6.1 vs 4.2 months

Colorectal cancer

Van Cutsem
JCO 2001 (SO14695)

First line OR capecitabine 5-FU + LV (Mayo 
Clinic regimen)

2500 602 ORR:
18.9% vs 15%

Hoff JCO 2001 
(SO14796)

First line OR capecitabine 5-FU + LV (Mayo 
Clinic regimen)

2500 605 ORR:
24.8% vs 15.5%

Twelves, NEJM 2005 
(X-ACT, M66001)

Adjuvant DFS capecitabine 5-FU + LV (Mayo 
Clinic regimen)

2500 1987 5-yrs DFS:
60.8% vs 56.7%

* Phase III trials if not otherwise indicated



Inhibitory effect of the TP inhibitor (TPI) 
tipiracil on trifluorothymidine (TFT)-

phosphorolytic activity in various  human 
mammalian tissues

Fukushima M et al., Biochem Pharmacol, 2000

[6-3H]F3dThd was incubated with enzyme extracts from human
tissues in the presence (closed bar) and absence (open bar) of
1x106 M TPI. From Peters GJ, 

Ther Adv Med Mol, 2015 modified

Tipiracil
(TP activity IC50 = 35 nM)

Tipiracil, a TP inhibitor improves TFT pharmacology by inhibiting
its degradation by TP, prolonging its half-life and drug exposure, 

and enhances its incorporation into DNA

1Furukawa, Nature 1992; 
Moghaddam and Bicknell, 1992

TP (PD-ECGF)1



Results of the registrative trial of TAS-102 in mCRC

Mayer RJ et al., NEJM, 2015 & Mayer RJ et al., ASCO GI 2016 (abs #634)

Medication Trial 
name

Setting Primary
outcome

PFS
control

PFS gain PFS HR OS control OS gain OS HR

TAS-102
vs placebo

RECOURSE Third-line or 
beyond
metastatic

OS 1.7
months

0.3 
months

0.48
(0.41-0.57)

5.3 
months

1.8 
months

0.68 
(0.58–0.81)

A B

HR 0.68 (95%CI 0.58-0.81) 
<0.0001 

HR 0.69 (95%CI 0.59-0.81) 
<0.0001 



A glimse of the future … 

• Discovery of novel 5-FU analogues:

– macromolecule agents containing 5-FU: 

FdUMP oligodeoxynucleotides (FdUMP (10)) and their folic acid conjugates
(FA-FdUMP (10))

• Rational design of drugs targeting 5-FU resistance mechanisms:

– TAS-114, an inhibitor of dUTPase

– Uridine DNA glycosylase (UDG) inhibitors (?) 

– Methoxamine (TRC102), an apurinic-apyrimidinic endonuclease-1 (APE-1) 
inhibitor

– Poly(ADP-ribose) polymerase-1 (PARP-1) inhibitors

• Rational design of drugs targeting 5-FU toxicity:

– Tryiacetyluridine acetate (PN401), an oral uridine prodrug



A) Receiver operating characteristic (ROC) curves.

B) Kaplan–Meier curves indicating probability of 
disease relapse for patients with DUT gene 
expression above or equal/below the cut-off 
distinguishing ‘‘recurrent’’ and ‘‘nonrecurrent’’ 
patients.

• Higher DUT (dUTPase) was associated
with shorter disease-free survival 
(DFS) in the entire case series (53 
stage II & III pts) and in stage III pts
(n=26)

Nobili S, … & Mini E. Int J Cancer, 2011

Stage II and III Stage III
A)

B)

• dUTPase protects tumors from mechanisms of 5-FU cytotoxicity

• Tumors with high expression of dUTPase are resistant to 5-FU compared with tumors with low 
expression of dUTPase (Ladner RD et al., Cancer Res, 2000)

• dUTPase is overexpressed in a number of cancers that are treated with 5-FU

dUTPase as a novel target of drug design



UNG

NCT 
Number, 
& Phase

Condition Study design
Additional

drug(s)
VS Status

-
I

Healthy male 
volunteers

First-in-human
Dose-escalation

- - Published (Saito
et al., Cancer
Chemother
Pharmacol, 
2014)

02454062
I

Advanced
solid tumors

Pharmacokinetics S-1 Recruiting

02025803
I

Advanced
solid tumors

Safety/Efficacy 
(pharmacokinetics)

capecitabine Recruiting

01610479
I

Advanced 
solid tumors

Safety S-1 Active, not
recruiting

02855125
IIR

Advanced or 
mNSCLC

Safety/Efficacy
(Primary end-point: PFS)

S-1 S-1 Not yet
recruiting

Enhancement of 5-FU antitumor activity by 
the dUTPase inhibitor TAS-114

Utsugi et al, Jpn J Clin Oncol 2013

www.clinicaltrials.gov last accessed September 2016

Yano W et al., 24th  EORTC-NCI- ACCR 
Symposium, 2012

TAS-114 has entered clinical trials
in combination with S-1 and capecitabine

Ki=0.13 M

http://www.clinicaltrials.gov/


From Hitchings GH “ Salmon, Butterflies and Cancer Chemotherapy” in: Pharmacological Basis of 
Cancer Chemotherapy.  M.D. Anderson Hospital and Tumor Institute at Houston. pp 25-43, 
Baltimore: the Williams and Wilkins Co., 1975

“The potential rewards of the understanding of 
the mechanisms of action of chemotherapeutic 
agents are enormous, for the practical 
application of the drug, the discovery of more 
selective agents, and for fundamental 
knowledge”

Conclusions
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