Folate gene prediction of treatment response to 5-FU and leucovorin in metastasizing colorectal cancer
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INTRODUCTION RESULTS ABCC3 expresssion and PFS

Tertile 1 (hi)

THE COMBINATION 5-FLUOROURACIL (5-FU) AND LEucovOoRIN (LV) HAS LONG BEEN CEN- Among metachronous mMCRC patients, only treatment and ECOG class, but no gene variable, had significant correlations with PFS (Table 3). Among synchronous patients there were several significant
TRAL IN CHEMOTHERAPY FOR COLORECTAL CANCER (CRC). MobuLATioN oF 5-FU wiTH positive correlations between PFS and expression of several folate relevant genes. Inclusion of the clinical covariates age, sex and tumor differentiation in the analysis did not significantly contribute
LV INCREASES THE TREATMENT RESPONSE FROM 11% TO ABOUT 21%'. LV REQUIRES MET- to the multivariate prognostic model and the impact of ECOG and treatment only influenced the HR and p-values in a minor wauy.

ABOLIC ACTIVATION TO THE CO-FACTOR [6R]-5,10-METHYLENETETRAHYDROFOLATE. WE

HAVE PREVIOUSLY FOUND A POSITIVE CORRELATION BETWEEN SURVIVAL AND EXPRESSION AMONg lsync:r?ncus pOt'e“;S’ after jiJUitrlne”:’ fO; multiple testlng N thedCox OH?TJS'S of all Gr;algzed 96;168, only ABCC3 rem(:jlﬂei sngmﬁcc;)nt (5?%002). T:;e AEESCB fezr;ressmnhlevels were jlwczc _'_'_‘—l—,_‘_I_L
into tertiles; t w, intermeaiate ana ni vels. tients in the intermediate an w terti near igenti tcom Nna, wnen combpin median D mont mpared to 10!
OF FOLATE PATHWAY GENES IN STAGE |Il CRC TREATED wiTH ADJUVANT FLV (5-FU + © tertiies, he 1ow, intermediate d gh IEVEls. Fatients € Intérmediate and low tertiies had near igentical outcomes and, when co ed, Nad a meaia O onths, compared to

LV)2. Low EXPRESSION OF FOLATE-RELATED GENES MAY LEAD TO POOR RESPONSE TO FLV

SINCE POOR TRANSPORT AND METABOLIZATION OF LV MIGHT YIELD INSUFFICIENT LEVELS OF The ABCC3 protein is involved in outward transport of folates, and has preference for 10-formyltetrahydrofolate, which inhibits the first conversion step of LV. High expression of ABCC3 may therefore

CO=FACTOR LEADING TO WEAK INHIBITION OF THE TARGET ENZYME THYMIDYLATE SYNTHASE decrease intracellular levels of 10-formyltetrahydrofolate leading to a high conversion rate of LV to co-factor, and enhanced inhibition of TYMS. |
(TYMS). 500

Time (days)

Table 3. Univariate Cox proportional hazard model using PFS as dependent variable. Gene expression and clinical Figure 1 Koplcn-l\/eier curves ShOWiﬂg PFS when potients with sgnchronous MCRC were
covariates were included one at a time (HR = Hazard Ratio). '

Tertile 2

Tertile 3 (lo)

months among patients in the high expression group (p<0.002; Fig. ).

Table 1. Patient characteristics

THE AIM OF THE PRESENT STUDY WAS TO RELATE PROGRESSION-FREE SURVIVAL (PFS) wiTH
THE EXPRESSION OF DEFINED FOLATE-RELEVANT GENES IN TUMOR BIOPSIES OF PATIENTS
wiTH METASTASIZING CRC (IMCROQ).

Metachronous mCRC Synchronous mCRC

143 151 categorised based on ABCC3 expression (Tertile 1/high expression (blue; n=50); 3.829 -
Metach CRC Synch CRC
Mean Age 67 2 634 Independent e (rﬁzgzz)m " r(og:%,;, 5.685, Tertile 2/intermediate expression (green; n=50): 5.695 - 6.461, Tertile 3/low expression

variables
Std. dev. 9,7 10,6 P-value P-value (red; n=51): 6.513 - 9.009).

Median Age 69,0 64,0
83 75
60 76
ECOG grade

PATIENTS AND METHODS CONCLUSIONS

MTHFD1L

: MTHFD2
Tumor stage at primary

A total of 294 patients with mCRC receiving first line treatment with bolus FLV, FLV + oxalip- surgery S FOLATE-ASSOCIATED GENES MAY PREDICT RESPONSE TO TREATMENT WITH FLV IN sTAGES ||

SHMT2 & IV CRC2 THE SIMILAR OVERALL PROGNOSIS OF THE PATIENTS IN THE LOWERMOST AND
SLC19A1 MEDIUM TERTILES IS PERHAPS PART OF THE EXPLANATION FOR THE LOW OVER-ALL RESPONSE
oresented in Table 1. All tumors were classified according to the Tumor-Node-Metastasis Treatment SLC46A1 RATE AFTER TREATMENT WITH FLV. IT IS INTERESTING THAT THE CONTRIBUTION OF ABCC3

(TNM) staging system when the patients were first diagnosed (index biopsy occasion). There Clinical covariates EXPRESSION IS INDEPENDENT OF ECOG GRADE AND OTHER CLINICAL VARIABLES.
ECOG

latin (FLOX) or FLV + irinotecan (FLIRI) at the Sahlgrenska University Hospital, Gothenburg,

Sweden, during 1995-2012 were included in the study. Patient and tumor characteristics are

were 151 patients with Stage 4 (MCRC) already at the index biopsy occasion (synchronous
DIRECT TREATMENT WITH THE ACTIVE LV-METABOLITE IS WARRANTED TO SUPPORT THE

CAUSAL IMPORTANCE OF METABOLIC ACTIVATION OF LV.

Treatment

MCRC) and 143 patients with a previously known diagnosis of CRC (Stages 1-3) later man-
ifesting MCRC (metachronous mCRC) who initiated the start of treatment and the present

follow-up. The patients were followed after start of treatment for three years or until disease : e :
Table 2. Analyzed genes with putative impact on LV metabolism plus two reference genes

orogression or death. PFS was calculated from the date of treatment start to the last follow

Gene category Gene Gene name AssayID

up, or to the date of progression or death.
Folate Transport ABCC1/MRP1 ATP-binding cassette, subfamilyC (CFTR/MRP), member 1 Hs00219905 m1

ABCC3/MRP3 ATP-binding cassette, subfamilyC (CFTR/MRP), member3 Hs00358656_m1 R E F E R E N C E S & AC K N Ow L E D G E M E N TS

SLC19A1/RFC-1 Solute carrier family 19 (folate transporter), member 1 Hs00953344 m1

Total RNA was isolated. cDNA was synthesized using reverse transcription. The relative ex-

oression of 10 genes putatively involved in LV transport, polyglutamation, and metabolism
(Table 2) was quantified using real time PCR (QPCR).

SLC46A/PCFT Solute carrier family46 (folate transporter), member 1 Hs00611081_m1 , _ ,
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The Cox proportional hazards regression model was used to examine the relationship be-

tween C |ﬂ|CO| VOFIObleS, <Oge’ SEX, tumor dlffereﬂththﬂ, ECOG grOde, therOpg <FL\/’ FLOX’ Folate metabolism MTHFD1L Methylenetetrahydrofolate dehydrogenase (NADP+ dependent) 1-like Hs00383616_m1

FLIRI)) chosen tumor gene expression levels and PFS followed by correction for multiple test- THEDD R R
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iNng. Kaplan-Meier curves for PFS were constructed using tertiles as strata (p value=log-rank

test for trend). All the tests were two-tailed and conducted at a significance level of 0.05. SHMT2 Serine hydrommethyltransferase 2 (mitochondrial) 00193658 m1
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