A genetic response profile to predict efficacy of adjuvant 5-FU in colon cancer
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Background
The antimetabolite 5-fluorouracil (5-FU) is the backbone in systemic
treatment of primary and metastatic colorectal cancer (CRC), with
further activity in a wide range of solid tumors. As not all patients will
benefit from 5-FU treatment there is a clinical need for biomarkers of
response to adjuvant 5-FU. The current project seeks to validate a
predictive 5-FU gene expression profile. A similar model has recently
been validated with MD Anderson in three different clinical settings [1]
and with researchers from AstraZeneca with fulvestrant [2].

Table 1A
Gene
Description
APRT
adenine phosphoribosyltransferase
GSR
glutathione reductase
Tu translation elongation factor,
TUFM
mitochondrial
MRPS2 mitochondrial ribosomal protein S2
MTHFD2
WDR59
ANP32B
PMM2
STOML2
NDUFAB
1

methylenetetrahydrofolate
dehydrogenase (NADP+ dependent) 2,
methenyltetrahydrofolate cyclohydrolase
WD repeat domain 59
acidic (leucine-rich) nuclear
phosphoprotein 32 family, member B
phosphomannomutase 2
stomatin (EPB72)-like 2
NADH dehydrogenase (ubiquinone) 1,
alpha/beta subcomplex

Table 1B
Gene
Description
NT5E
5’-nucleotidase, ecto (CD73)
CNN3
calponin 3, acidic
ACTN1 actinin, alpha 1
FLNA
filamin A, alpha
ATPase, Ca++ transporting,
ATP2B4
plasma membrane 4
cysteine-rich, angiogenic
CYR61
inducer, 61
ACTN1 actinin, alpha 1
lectin, galactoside-binding,
LGALS1
soluble, 1
RHOC ras homolog family member C
RAB32, member RAS
RAB32
oncogene family

Table 1: The 10 most important genes for predicting 5FU sensitivity (1A) and
resistance (1B), respectively

HR
5FU predict 1 unit = 1 iqr 0.69
2.03
T stage T4 vs T3
2.01
N stage N2 vs N1
1.81
grade G34 vs G12
1.89
KRAS mut vs wt
0.42
MSI, MSI vs MSS

CI 95 %
0.58, 0.82
1.4, 2.95
1.45, 2.79
1.07, 3.07
1.34, 2.67
0.21, 0.81

Table 2: Results from a multivariable Cox Proportional Hazards model. We used overall survival
(OS) as endpoint. We report the hazard ratio (HR) estimates and their confidence interval for all
variables with a p-value < 0,05. Further variables included in the model are: BRAF mutation,
treatment group, age, sex, tumor site and T-stage 1 and 2.

The effect of the 5-FU profile remained significant in the PETACC-3
subpopulation when performing an analysis with a multivariable Cox
Proportional Hazards model. Several relevant clinicopathological
parameters, including microsatellite instability (MSI) vs stability (MSS)
and KRAS mutation status, were included as covariates (see Table 2).

Conclusions
The finding of this study was that the 5-FU response profile significantly
separated the PETACC-3 patients into groups of good and poor survival
independently from selected clinicopathological parameters such as
stage, age and MSI/MSS-status. Due to the design of the PETACC-3
study it is not possible to precisely validate a predictive value of the 5FU response profile on this cohort, since patients in both treatment
groups received 5-FU. We therefore also applied the 5-FU response
profile to an untreated CC patient population in order to validate the
prognostic association of the profile in untreated patients.
In contrast to the data derived from the PETACC-3 study, we did not
observe any statistically significant prognostic effect of the 5-FU profile
in the untreated CC patient cohort. These findings support a potential
predictive value of the 5-FU profile. However, the presented results
needs further validation.

Methods

Figure 1: The principle behind the drug response prediction method .

The 5-FU signature consisted of in total 205 positively and negatively
correlated genes mapped to 669 probe sets.
The signature was applied to gene expression profiles of a subset of
the PETACC-3 patient cohort obtained previously from pretreatment
formalin fixed paraffin embedded (FFPE) tissue from 636 stage III colon
cancer (CC) patients treated adjuvantly with 5-FU with or without
irinotecan [3].Gene expression data was obtained through a
customized Colon DSA gene expression array from ALMAC applied on
the PETACC-3 CC population.
It was also tested on ALMAC Colon DSA data obtained from FFPE
tissue from 359 stage II CC patients who did not receive adjuvant
treatment [4]. The analyses were performed using Cox proportional
hazards (CPH) regression models and Kaplan-Meier curves. The logrank test was used to compare the survival curves.

Figure 2: Kaplan-Meier curves – subpopulation from PETACC-3 study stratified by the 5-FU
profile score. The endpoint is relapse free survival (RFS).

A validated response prediction method is used in the 5-FU sensitivity
prediction. As shown in Fig. 1, the method is based on in vitro
sensitivity data and cell line microarray results in a model that also
incorporates clinical variables. Biomarker profiles have previously
been developed for a number of drugs and validated against 24
published clinical trials.
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Figure 4: Kaplan-Meier curves – study of non-treated patients stratified by the 5-FU profile
score. The endpoint is relapse free survival (RFS).

We found a statistically significant difference between the Kaplan-Meier
curves for the PETACC-3 patients stratified by their 5-FU profile score.
In this analysis, not including any further covariates, patients with a
high 5-FU score showed a statistically significantly better relapse free
survival (RFS) (hazard ratio (HR) = 0.54 (95% CI 0.41, 0.71), p < 1e05, N = 636 stage III patients) and overall survival (OS) (HR = 0.47
(0.34, 0.63), P = 7.4e−07; binary scores). In the untreated cohort no
differences were observed in RFS (HR = 0.92 (0.64,1.33), P=0.671) nor
in OS (HR = 0.96 (0.67, 1.4), P = 0.849).
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Figure 3: Kaplan-Meier curves – subpopulation from the PETACC-3 study stratified by the 5-FU
profile score. The endpoint is overall survival (OS).
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