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BACKGROUND
•	 �5-fluorouracil (5-FU) is a cornerstone treatment for metastatic colorectal cancer (mCRC).1 Upon administration it undergoes metabolic transformation to 5-fluorodeoxyuridine 
monophosphate (FdUMP) which forms an inhibitory ternary complex with [6R]-5,10 methylenetetrahydrofolate ([6R]-MTHF) and thymidylate synthase (TS)2

•	 The resulting inhibition of TS compromises the supply of thymidine for DNA synthesis resulting in the death of proliferating tumor cells1 (Figure 1)
•	 To enhance 5-FU inhibition of TS, a folate, often leucovorin (LV/folinic acid) – a prodrug for [6R]-MTHF requiring metabolic activation, is co-administered1 (Figure 2) 
•	 �The intracellular conversion of LV to active [6R]-MTHF is highly variable between individuals and can lead to large inter-individual differences in the concentration 
of [6R]-MTHF in CRC tumor tissue3

•	 �Low expression of folate-related genes may therefore lead to a poor response to 5-FU/LV-based treatment; suboptimal transport and metabolization of LV 
yields insufficient active [6R]-MTHF and weak inhibition of TS3

•	 �By contrast, the natural, biologically active form of [6R]-MTHF, arfolitixorin, does not require further metabolism to interact with the FdUMP-TS complex and may be 
a more effective adjunctive to 5-FU than LV. As the active form of MTHF, arfolitixorin could be incorporated into current standard of care easily, requiring minimal 
changes to patient regimens4

•	 We previously found a positive correlation between survival and expression of folate pathway genes in stage III5 and mCRC patients treated with 5-FU/LV6

•	 Arfolitixorin’s effect on associations between folate pathway genes and different clinical covariates is unknown and may help predict treatment response
•	 �The aim of the present study was to investigate possible confounders and exploratory biomarkers of effective arfolitixorin/5-FU-based treatment in relation to 
safety and response in a Phase I/IIa mCRC study, ISO-CC-005

STATISTICAL ANALYSIS
•	 �The Pearson’s correlation coefficient method was used to evaluate potential correlations between the gene expression markers and the sum of adverse events 

ANOVA was used to examine differences in gene expression markers according to clinical benefit with arfolitixorin and tumor type (metachronous vs synchronous)
•	 ANOVA was also used to rule out potential bias in baseline expression levels of genes and to assess a potential association with clinical response

RNA EXTRACTION, cDNA PREPARATION AND qPCR
•	 �Seventy-nine (75.2%) of 105 patients provided material for this analysis, the following genes of interest were evaluated: ABCC3, MTHFD2, SLC46A1, SLC19A1, SLC25A32 

and TYMS (Tables 1 and 2)
		 •	 �Two 10 μm FFPE sections were deparaffinized by Xylene treatment and vacuum incubated for 20 minutes at room temperature, then further lysed with proteinase K solution
		 •	 �Lysed samples were purified using the AllPrep DNA/RNA FFPE kit
		 •	 �RNA was reverse transcribed into cDNA using the SuperScript® Vilo™ kit 
		 •	 �cDNA samples were diluted 5x before running the qPCR on the QuantStudio 12K Flex platform
		 •	 �Delta Ct (DCt) values were calculated by relating Ct values of target genes to Ct values of the housekeeping genes ß-actin (ACTB) and peptidylprolyl isomerase A 

(PPIA). To compensate for between-run variations, Ct values were adjusted to two control samples

STUDY DESIGN
•	 �ISO-CC-005 (NCT02244632) is a multicenter, Phase I/IIa study in mCRC patients eligible for 5-FU/folate therapy alone or in combination with irinotecan, 

or oxaliplatin ± bevacizumab (Figure 3)
•	 �Arfolitixorin (AR), the folate of interest, was studied at four different doses: 30, 60, 120 and 240 mg/m2, both as a bolus and as infusion regimen (ARFOX/ARFIRI), 

treatment was administered twice every 2 weeks over 8 weeks
•	 Key inclusion criteria were WHO performance status of 0–2, with an estimated survival of ≥3 months
•	 �Endpoints assessed after 4 cycles of chemotherapy related to safety, tolerability (primary), overall response rate (ORR, per RECIST v1.1) (secondary) and 

associations between expression levels of folate pathway genes and clinical covariates (exploratory)

FUTURE STUDIES/NEXT STEPS
•	 �Arfolitixorin is currently under investigation in an open-label 

Phase III study (AGENT; NCT03750786) comparing 
arfolitixorin (ARFOX) with leucovorin (modified FOLFOX6) 
in patients receiving first-line treatment for mCRC 

•	 �Given the role of TYMS in the folate metabolic pathways, we 
plan to further assess its predictive potential on a larger 
cohort during the ongoing global Phase III AGENT study 

•	 �These future assessments will provide additional cues on the 
use of these genes as predictive markers for treatment 
outcome and their role in the mode of action of arfolitixorin
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CONCLUSIONS
•	 �The gene expression marker TYMS might be a potential 

prognostic marker of clinical benefit with 5-FU-based 
chemotherapy in combination with arfolitixorin 

•	 �Gender was not significantly associated with differences in 
gene expression levels

•	 �No clear association was identified between the gene 
expression markers and the number of adverse events

•	� ABCC3 and SLC46A1 are differentially expressed in 
synchronous and metachronous tumors

•	 �ABCC3 and TYMS might be potential prognostic markers for 
improved outcomes with metachronous tumors

RESULTS
Study results
•	 �Clinical data were evaluated from 105 patients who completed the 8-week study; response was evaluated in 96 patients, n=23 (24%) had a partial response (PR), n=53 (55.2%) stable 

disease (SD) and n=20 (20.8%) had progressive disease (PD). Among 31 patients who completed an extension study for ≥16 weeks, overall response rate was 55% 
•	 Arfolitixorin was generally well tolerated: 97/144 AESI recorded were judged to be related to arfolitixorin, with 31 grade 3/4 

Gene expression analyses results
•	 �No gene expression marker correlated with the sum of adverse events (p>0.05 for all correlations)
•	 �The gene expression levels of TYMS were found to be significantly associated with clinical benefit. No significant association between gene expression and gender was identified. 

(p=0.021) (Figure 4)
•	� ABCC3 and SLCA46A1 were found to be differentially expressed in metachronous and synchronous tumors (p<0.001) (Figure 5)
•	 �In metachronous tumors the gene expression of ABCC3 (p=0.046) and TYMS (p=0.032) was associated with clinical benefit. (Figure 6)
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Figure 3. Study design of ISO-CC-005 a Phase I/II clinical study
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Figure 2. Arfolitixorin mode of action
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Figure 4. Association of gene expression markers with 
clinical benefit colored by gender.

Figure 5. Association of gene expression markers according 
to metachronous and synchronous tumours colored by 
clinical benefit; yes = complete response + primary response 
+ stable disease; no = progressive disease.

Figure 6. Association of gene expression 
markers with clinical benefit for metachronous 
tumors only.
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Table 1. Assay list of genes of interest in ISO-CC-005

Gene category Gene abbreviation Gene name Assay ID

Folate transport

ABCC3/MRP3 ATP-binding cassette, subfamily C, member 3; MRP: Multidrug resistance-associated protein 3 Hs00358656_m1

SLC19A1/RFC-1 Solute carrier family 19 (folate transporter), member 1; RFC-1: Reduced folate carrier 1 Hs00953344_m1

SLC46A1/PCFT Solute carrier family 46 (folate transporter), member 1; PCFT: Proton-coupled folate transporter Hs00611081_m1

SLC25A32/MFT Solute carrier family 25 (folate transporter) member 32; MFT: Mitochondrial folate transporter Hs00229219_m1

Folate metabolism
MTHFD2 Methylenetetrahydrofolate dehydrogenase (NADP+ dependent 2) Hs00759197_s1

TYMS Thymidylate synthase Hs00426586_m1

House-keeping
ACTB β-actin Hs01060665_g1

PPIA Peptidylprolyl isomerase A Hs99999904_m1

Table 2. Description of gene products

Gene product Description of gene product

ABCC3 ABC transporters are key mediators of the efflux of anticancer agents from cancer cells; ABCC3 is a transporter related to colon cancer carcinogenesis7

SLC19A1 A membrane transporter of folates, and clinically used antifolates, which optimally operates at a neutral pH8

SLC46A1 A proton-coupled folate transporter which optimally operates at an acidic pH9

SLC25A32 A mitochondrial folate transporter which transfers THF into mitochondria; it is highly amplified in different tumors and amplification correlates with increased 
mRNA expression and reduced patient survival10

MTHFD2 A nuclear encoded mitochondrial bifunctional enzyme with methylenetetrahydrofolate dehydrogenase and methenyltetrahydrofolate cyclohydrolase activi-
ties; the MTHFD2 gene is a tumor-promoting gene in CRC cells10

TYMS Elevated expression is linked to acquired 5-FU resistance in CRC cells11
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