Tumoral expression of folate-associated genes is associated with progression-free survival of patients with advanced colorectal cancer
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BAC KG ROU N D Table 1: List of analyzed genes and their description. Figure 2: Association of gene expression markers with clinical benefit (@) in subgroup 1 (stage |-l CRC), and (b) in subgroup 2

Gene category | Gene Gene name Assay ID Description (stage IV CRC). Yes = complete response + primary response + stable disease; no = progressive disedse.

 Despite the widespread utilization of novel treatment regimens, S-tfluorouracil (5-FU) in combination with the folate leucovorin

(LV) is still the backbone of chemotherapy for advanced colorectal cancer (CRC) AlP-binding cassette, ABC transporters are key mediators of the

. ABCC3/MRPS3 subfamily C (CFTR/MRP), HsO0358656_m1 | efflux of anticancer agents from cancer cells;
A number of genes encode proteins that participate in transporting LV into cells, and its subsequent metabolic action (Figure 1) member 3 ABCC3 is a transporter related to CRCH

We previously found that high tumoral expression of genes involved in folate transport, polyglutamation, and metabolism was

associated with a decreased risk of recurrent disease in patients with stage Ill CRC treated with 5-FU + LV (FLV) alone, or in
combination with oxaliplatin (FLOX), according to the Nordic bolus regimen?? SLCT9AI/RFC-T

The aim of the present study was to determine the association between the expression of folate-associated genes ABCC3, SLCI9 AT,
SLC25A32, SLC46A1, MTHFD2, and TYMS and the outcome of patients with advanced CRC subjected to palliative chemotherapy
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Figure 1: Simplified schematic representation of folate transport and folate metabolism in eukaryotic cells. Transport of folate into

the cells may occur through the proton-coupled folate transporter SLC46A1, or SLC19AT1. SLC25A32 reqgulates folate metabolism via
transport of THF into mitochondria. The folate cycle is composed of the cytoplasmic and mitochondrial compartments; MTHFDT Solute carrier family 46
s active in the cytoplasmic compartment, while the mitochondrial biosynthetic glycine pathway enzymes MTHFD2 and MTHFDIL SLCABAI/PCET (folate transporter), member 1
are active in the mitochondrial compartment. Other enzymes involved in the folate metabolism are SHMTT and SHMT2. SHMT?2

catalyzes the reversible conversion of serine to glycine via the transfer of the 3-carbon of serine to THF, resulting in the formation A nuclear encoded mitochondrial bitunctional

of CH2-THF and glycine, involved in the folate cycle. Export of folate occurs e.g. via ABCC3. Methylenetetrahydrofolate enzyme with methylenetetrahydrofolate
MITHFDZ dehydrogenase HsOO0/5919/ s dehydrogenase and methylenetetrahydrofolate

Folate import Folate (NAPD+ dependent) 2 cyclohydrolase activities; MTHFD2 is a tumor Figure 3. HR for gene expression in (a) subgroup 1 (stage I-lll CRC), and (b) subgroup 2 (stage |V CRC).
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 Clinical and gene expression data from 290 patients (aged 23-84 years; 156 males and 134 females) were available for 0.1 0.2 0.5
MTHFDIL analysis. There were 142 patients in subgroup 1 (stage I-lIl CRC) and 148 in subgroup 2 (stage IV CRC). Patients’ characteristics Events: 125; Global p-value (Log-Rank): 2.383¢-07 AIC: 1011.96; Concordance Index: 0.67 Events: 129; Global p-value (Log-Rank): 1.2424¢-07 AIC: 1058.99; Concordance Index: 0.68
1 are presented in Table 2

MTHFD1 Low expression of TYMS and MTHFDZ2, and high expression of ABCC3 was significantly associated with a clinical benefit in

TYMS

Thymidylate
Synthesis

/ CH2-THF the study population (p<0.0001, p=0.01/, and p=0.028, respectively) CO C S O
I SHMT1/2 The association between TYMS expression and clinical benefit was seen in both subgroups (Figures 2a, 2b), whereas ABCC3 N I-U I N

expression was significant in subgroup 2 only (Figure 2b, p=0.041)

A multivariate analysis indicated that low TYMS and high SLC25A32 expression in subgroup 1 (Figure 3a) and high ABCC3
Folate export expression in subgroup 2 (Figure 3b) was significantly correlated with PFS (hazard ratio [HR] = 1.36 [95% confidence interval

(C1):1.03-1.79], HR = 0.44 [95% CI: 0.27-0.71], and HR = 0.74 [95% Cl: 0.60-0.92], respectively) and ABCCJ3 was associated with PFS in the subgroups (stage |-l and stage |V, respectively)
The difference in association between gene expression and PFS between subgroups may relate to the variation in time elapsed

from surgery to initiation of palliative chemotherapy. During this time period, most patients with stage Ill CRC were subjected to
adjuvant treatment, which may have induced gene alterations in those tumor cells that subsequently developed into metastases

Low expression of TYMS, the target enzyme of 5-FU, was significantly associated with clinical benefit in the study population
I'YMS expression was associated with PFS in the whole population, whereas the expression of the folate transporters SLC25A32

Table 2: Patient and primary tumor characteristics.

PATIENTS AND METHODS Stage I-1ll Stage IV
- Gender, n (%) FUTURE STUDIES

Study design
. . . - . F [ 59 (41.5 75 (50.7
* Atotal of 290 patients treated palliatively with FLV (n=113), FLOX (n=102) or FLV + irinotecan (FLIRI, n=/5) according to the crmdie ( ) ( )  The ongoing global Phase Ill study AGENT (NCTO3/50786) is currently active for patients with advanced CRC to determine whether

Nordic bolus regimen were included Male 33 (56.4) /5(49.5) expression of these genes can predict response to 5-FU-based chemotherapy that includes LV or the novel folate arfolitixorin
Analyses were conducted on the entire study population, and on subgroups based on tumor stage at primary surgery Median age,’ years (range) 09 (36-62) 64 (25-84) » Future studies will provide additional cues on the use of these genes as predictive markers for treatment outcome and their role in
(subgroup 1, stage I-Ill; subgroup 2, stage V) ECOG performance status,t n (%) the mode of action of arfolitixorin

Relative gene expression was determined in primary tumors by quantitative polymerase chain reaction (qPCR) and analyzed
in relation to clinical benefit, based on RECIST v.1.1 criteria and 3-year progression-free survival (PFS)
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| ysed samples were purified using the AllPrep DNA/RNA FFPE kit Low 54 (25.9) 49 (33.1)

RNA was reverse transcribed into ¢cDNA using the SuperScript® Vilo™ kit Mucinous > (3.5) 15 (6.8)

cDNA samples were diluted 5x before running the gPCR on the QuantStudio 12K Flex platform for gene assays Unknown 2 (1.4) 1(0.66) ABBREVIATIONS CORRESPONDENCE

Delta Ct values were calculated as the difference between the mean Ct value of the target gene and the house-keeping Tumor location, n (%)

genes (ACTB and PPIA) . . 5-FU, 5-fluorouracil; ABC, ATP-binding cassette; ACTB, B-actin; AIC, Akaike Dr Yvonne Wettergren: Yvonne.wettergren@ dep-surg.gu.se
nghf sided colon 02 (36.6) 23 (59.2) information criterion; ANOVA, analysis of variance; ATP, adenosine triphosphate;

4 . e ’ CF TR, cystic fibrosis transmembrane conductance reqgulator; CH2-THF,
Statistical anoly&s Left-sided colon 44 (51.0) 25 (56.0) 5,10-methylene tetrahydrofolate; CHO-THF, formyltetrahydrofolate; Cl, confidence

e Statistical analyses were performed using R version 3.6.] Rectum 45 (31.7) 34 (23.0) interval; CRC, colorectal cancer; ECOG, Eastern Cooperative Oncology Group; FFPE,
formalin-fixed paraffin-embedded; FLIRI, 5-fluorouracil + leucovorin + irinotecan;

« ANOVA was used to assess the relationship between gene expression and clinical benefit using data from 289 samples Unknown 1(0.70) 1(0.68) FLOX; 5-fluorouracil + leucovorin + oxaliplatin; FLV, 5-fluorouracil + leucovorin; HR,

, , hazard ratio; LV, leucovorin; MRP, multidrug resistance protein; MTF, mitochondrial
« PFS was calculated from the start of chemotherapy to the last follow-up, or to the date of progression or death. All patients who Chemotherapy folate transporter: MTHFD1, methylenetetrahydrofolate dehydrogenase 1: MTHFDIL,

were progression-free at 5 years or who died during follow-up were censored methylenetetrahydrofolate dehydrogenase (NADP+ dependent) 1-like; MTHFD2, : : : :
PTo9 - J P FLV 52 (36.6) 61 (41.2) methylenetetrahydrofolate dehydrogenase-cyclohydrolase; NADP, nicotinamide Copies of this poster obtained through Quick

A multi-variable Cox proportional hazard regression was applied on all subjects with complete gene expression and clinical data adenine dinucleotide phosphate; NS, not significant; PCFT, proton-coupled folate Response (QR) Code are for personal use only

(n=282) to assess potential associations between gene expression markers, clinical variables and PFS FLOX 49 (54.5) 55 (55.8) transporter; PEs, progression-free survival, PPIA, peptidylprolyl isomerase A; gPCR, and may not be reproduced without permission
quantitative polymerase chain reaction; RECIST, response evaluation criteria in

Stepwise selection of variables using AIC was performed to identify a minimal set of variables associated with PFS FLIRI 41 (28.5) 54 (23.0) solid tumors; RFC-1, reduced folate carrier; SHMT1, serine hydroxymethyltransferase from the author of this poster.
1. SHMT2, serine hydroxymethyltransferase 2; SLC, solute carrier family; THF,

For all statistical analyses, p<0.05 was considered significant tAt time of palliative treatment start. tetrahydrofolate; TYMS, thymidylate synthase. AACR Annual Meeting 2021. Abstract 346
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