
RESEARCH ARTICLE https://doi.org/10.1158/2767-9764.CRC-25-0002 OPEN ACCESS 

Clinical Validity of FoundationOne Liquid CDx 
for Detection of BRAFV600E in Colorectal Cancer 
Rona Yaeger1, Jean-François Martini2, Lincoln Pasquina3, Brian Tunquist4, Xiaosong Zhang5, Fatima Kaiser6, 
Norberto Pantoja Galicia7, Shibing Deng2, Siliang Gong6, Cui Guo7, Jimmy Kiely7, Ta-Chou Vincent Ng7, 
Graham Ferrier8, Josep Tabernero9, and Scott Kopetz10 

�
 ABSTRACT 

Purpose: The BRAF inhibitor encorafenib (Enco) plus the anti-EGFR 
antibody cetuximab (Cetux) improved overall survival, objective re-
sponse rate, and progression-free survival in previously treated 
BRAFV600E-mutant metastatic colorectal cancer in BEACON, a phase III 
randomized trial, leading to regulatory approval for this indication. To 
support rapid, plasma-based testing for BRAFV600E identification, clinical 
validity of a ctDNA-based assay, FoundationOneLiquid CDx (F1LCDx), 
was assessed against the reference tumor-based clinical trial assay (CTA) 
in liquid biopsy–evaluable samples from BEACON and commercially 
obtained tissue-matched plasma samples. 

Patients and Methods: Pretreatment tissue samples were collected in 
BEACON to confirm BRAF mutational status using the central single 
gene PCR assay. Concordance between the CTA and liquid biopsy tests 
was assessed, and clinical validity of liquid biopsy testing was examined 
using clinical outcomes from BEACON. 

Results: Of the 523 evaluable patients, 433 with matched tissue and 
plasma samples had CTA and F1LCDx results available (BEACON, n ¼
328; commercial, n ¼ 105). A strong concordance in detecting 

BRAFV600E was found between F1LCDx and CTA, with a positive percent 
agreement of 87.2% and negative percent agreement of 97.1%. Among 42 
F1LCDx�/CTA+ samples, 41 (97.6%) had ctDNA tumor fraction <1%. 
Among samples with ctDNA tumor fraction >1%, the positive percent 
agreement was 99.4% and negative percent agreement was 86.7%. Clin-
ical outcomes with Enco plus Cetux were similar between those identi-
fied as F1LCDx+/CTA+ and CTA+ overall. 

Conclusions: This study supports using liquid biopsies as a clinically 
valid assay for identifying BRAFV600E alterations in patients with meta-
static colorectal cancer, particularly when ctDNA tumor fraction was 
>1%. 

Significance: In the phase III BEACON trial, which established Enco 
plus Cetux as a standard of care for previously treated BRAFV600E-mutant 
metastatic colorectal cancer, mutational status was confirmed through 
testing of tumor tissue. To support rapid, less invasive testing for 
BRAFV600E in plasma, this retrospective study assessed a ctDNA-based 
assay and found strong concordance between the liquid biopsy test and 
the tumor-based assay in detecting BRAFV600E. 

Introduction 
Advances in detection of ctDNA have made liquid biopsy (LBx) an increasingly 
utilized method for tumor profiling (1). ctDNA-based tumor profiling is less 
invasive and has a shorter turnaround time than tissue-based DNA profiling, 
which is critical for patient diagnosis and management. In addition, LBx allows 
for multiple serial sample collections, which can be useful for reflecting real-time 
tumor information, detecting disease progression, monitoring treatment re-
sponse, and identifying potential biomarkers of resistance or sensitivity (2, 3). In 
gastrointestinal cancer trials, ctDNA genotyping has resulted in significantly 
reduced screening time and improved trial enrollment without compromising 
treatment efficacy compared with tissue genotyping (4). In recent years, several 
ctDNA-based companion diagnostic assays, including FoundationOne Liquid 
CDx (F1LCDx), cobas EGFR Mutation Test v2, and Guardant360 CDx, were 
approved by the US FDA to detect biomarkers in patients with non–small cell 
lung cancer (5). Although the treatment of metastatic colorectal cancer (mCRC) 
often involves resection which allows tissue availability, detection of targetable 
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alterations by LBx can be a clinically desirable and less invasive disease- 
monitoring option after first-line treatment (6). Although archived tissue biopsy 
only reflects static tumor information, LBx can reflect real-time tumor infor-
mation and allows dynamic monitoring of mutations during disease progression 
(3). mCRC is among the most common tumor types for detectability of ctDNA 
(7, 8), making LBx a particularly attractive option for tumor profiling. However, 
ctDNA-based assays vary in genes tested, methodology, and sensitivity (9). 

The BEACON trial was a randomized, open-label, multicenter, three-arm, phase III 
study that compared the efficacy and safety of encorafenib (Enco; Braftovi) + 
binimetinib (Mektovi) + cetuximab (Cetux; Erbitux) and the Enco + Cetux arm with 
irinotecan/Cetux or FOLFIRI/Cetux (control arm) in patients with a BRAFV600E 

alteration in colorectal cancer whose disease had progressed after one or two prior 
regimens in the metastatic setting (10). The clinical trial tested the efficacy of therapy, 
with enrollment based on tissue-based PCR and next-generation sequencing (NGS)– 
based local assay results with confirmation by clinical trial assay [CTA; the inves-
tigational Qiagen Therascreen BRAF V600E RGQ PCR Kit (Qiagen)] or enrollment 
through CTA to select patients with colorectal cancer whose tumors harbor the 
BRAFV600E alteration. Enco in combination with Cetux is the first and only FDA- 
approved targeted therapy regimen for the treatment of adult patients with mCRC 
with a BRAFV600E mutation after prior therapy based on the efficacy population of 
the Enco + Cetux arm (n ¼ 220) versus the control arm (n ¼ 221). Overall survival 
(OS) and objective response rate (ORR) by RECIST version 1.1 were the major 
efficacy outcomes, and the median progression-free survival (PFS) and duration of 
response were additional efficacy outcome measures. For patients treated in the Enco 
+ Cetux arm of the study, the median OS was 8.4 months [95% confidence interval 
(CI), 7.5–11.0] and the median PFS was 4.2 months (95% CI, 3.7–5.4). ORR (20%; 
95% CI, 13%–29%) and duration of response (6.1 months; 95% CI, 4.1–8.3) were 
both assessed in the subset of the first 220 patients who were included in the 
randomized portion of the Enco + Cetux (n ¼ 113) and control (n ¼ 107) arms. 

The Qiagen Therascreen assay is a real-time PCR in vitro diagnostic device for 
the qualitative detection of the BRAFV600E alteration in patients with mCRC. The 
assay detects the V600E alteration in the BRAF gene using genomic DNA 
extracted from formalin-fixed, paraffin-embedded colorectal cancer tissue. The 
FDA granted pre-market approval to the Qiagen Therascreen for use as a 
companion diagnostic to identify patients with mCRC whose tumors harbor the 
BRAFV600E alteration to be treated with Enco in combination with Cetux (11). 
F1LCDx is a qualitative NGS-based in vitro diagnostic test that uses targeted 
high-throughput hybridization–based capture technology to detect and report 
substitutions, insertions, and deletions in 311 genes. F1LCDx utilizes circulating 
cell-free DNA (cfDNA) isolated from plasma derived from anti-coagulated pe-
ripheral whole blood collected from patients with cancer and is intended to be 
used as a companion diagnostic to identify patients who may benefit from 
treatment with the targeted therapies (12). The F1LCDx test is the first LBx 
companion diagnostic assay approved by the FDA that offers comprehensive 
tumor profiling to identify BRAFV600E alterations in patients with mCRC who are 
eligible for treatment with Enco in combination with Cetux (13). 

This clinical bridging study evaluated the concordance between CTA and F1LCDx 
and the clinical efficacy of Enco in combination with Cetux in patients with mCRC 
harboring the BRAFV600E mutation identified by F1LCDx, through retrospective 
analysis of banked plasma samples from patients enrolled in the BEACON study. 
In addition, in a post hoc exploratory analysis not prespecified in the clinical 
bridging statistical analysis plan, we further investigated the sensitivity of F1LCDx 
as a function of ctDNA content as measured by ctDNA tumor fraction (TF). 

Materials and Methods 
BEACON ethical statement 
The BEACON trial was approved by the institutional review board or in-
dependent ethics committee at each center and was conducted in accordance 
with the requirements of the regulatory authorities of each country and with 
the provisions of the Declaration of Helsinki and the Good Clinical Practice 
guidelines of the International Council on Harmonization (10). All patients 
provided written informed consent. 

Clinical bridging study design and samples 
The BEACON CTA was performed on tumor tissue collected any time prior 
to trial enrollment using the Qiagen Therascreen BRAF V600E RGQ PCR 
Kit. This study was conducted to evaluate the concordance between the CTA 
and a CTA based on F1LCDx (LBx test) in identifying patients with mCRC 
harboring BRAFV600E from the Enco + Cetux and control arms. Based on 
this, the efficacy in the Enco + Cetux arm versus the control arm in patients 
identified as BRAFV600E-positive by the LBx test was estimated, and the 
robustness of concordance analysis and efficacy analysis was assessed with a 
sensitivity analysis that accounts for the uncertainty due to missing data for 
the BRAFV600E alteration status as defined by the LBx test. 

Pretreatment plasma samples were collected at the time of trial screening 
from participants in the BEACON trial by the therapeutic investigational 
sites per the study protocol and shipped to the College of American Pa-
thologists–/Clinical Laboratory Improvement Amendments–certified central 
testing laboratories. LBx testing was performed on available plasma samples 
from patients in the Enco + Cetux and control arms in the BEACON clinical 
trial who tested positive for BRAFV600E by CTA (CTA+). Additionally, 
commercially procured BRAFV600E-negative tissue samples from patients 
with colorectal cancer with matched plasma were tested. The LBx test clinical 
bridging study involved retrospective testing of plasma samples from the 
BEACON clinical trial; as such, no additional patient follow-up was 
conducted. 

Assessment of detection on F1LCDx was performed without knowledge of 
the CTA results. The analysis plan was created without visibility into 
clinical information. Assessment of concordance was performed as pre-
specified, independent of the clinical information. Clinical information 
was available during the assessment of clinical validity. For the Qiagen 
Therascreen test, the limit of detection (LoD) for the BRAFV600E system is 
7.8% [mutant allele frequency (MAF)], which represents the highest LoD 
value observed across all DNA inputs; however, with high DNA input, the 
LoD is 2% MAF (14). For F1LCDx, the LoD (the lowest MAF at which 95% 
of target variants are detected) for BRAFV600E in colorectal cancer samples 
is 0.33% MAF (15). 

Inclusion criteria for samples included in this clinical bridging study were 
specimens that were in frozen plasma, met the minimum criteria for LBx 
operational testing requirements, and were obtained with appropriate con-
sent and institutional review board oversight to allow clinical bridging. 
Samples must have cfDNA input for LBx testing ≥20 ng DNA for primary 
analysis, as assessed by the TapeStation assay (RRID: SCR_018435). Exclu-
sion criteria included tissue and other liquid samples, samples that do not 
meet minimum LBx test operational testing requirements, and samples not 
obtained with appropriate consent and institutional review board oversight 
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to allow clinical bridging. Samples with <20 ng DNA as assessed by the 
TapeStation assay were excluded from LBx testing. 

Specimens included in the clinical bridging study were tested according to 
the standard testing protocol for the LBx test with recommended cfDNA 
input of ≥20 ng for the library construction step. Samples for the study 
were selected from both plasma samples from patients enrolled in the 
BEACON trial and commercially procured plasma samples from patients 
with colorectal cancer with matched tissue who were BRAFV600E negative. 
Figure 1 shows the sample disposition for the 694 samples from the 
665 patients from the BEACON trial. Samples from the patients ran-
domized to the Enco + Cetux (220 samples) and control (221 samples) 
arms were selected for analysis; 37 samples from the safety lead-in, 
212 samples from the Enco + binimetinib + Cetux arm, three samples from 
on-treatment blood draws, and one sample from a screen failure were 
excluded. An additional 51 samples were unavailable for sequencing, and 
35 samples with assay failures were excluded, resulting in a total of 
355 clinical trial samples (170 control + 185 Enco + Cetux) processed in 
this bridging study. There were 441 patients with plasma samples from the 
control and Enco + Cetux arms, consisting of 402 CTA+, 31 CTA une-
valuable, and eight CTA� samples. In addition, BRAFV600E-negative 
commercial tissue-matched plasma samples from 120 patients not enrolled 
in the BEACON study were also tested. To mimic the BEACON study 
enrollment, the 120 commercial tissue samples were tested with the CTA, 
and the matched plasma samples were subsequently tested with the LBx 
test. LBx test results for plasma testing were observed for tissue samples 
that had a negative CTA result. 

Concordance analysis 
The concordance between the CTA and the F1LCDx tests was evaluated by 
the positive percent agreement (PPA) and negative percent agreement 
(NPA), as well as their two-sided 95% Wilson score CIs. PPA for F1LCDx+/ 
CTA+ was calculated using the formula PPA ¼ 100* n11

ðn11þn10Þ% and NPA for 
F1LCDx�/CTA� was calculated using the formula NPA ¼ 100* n00

ðn00þn01Þ%, 
in which n11 is defined as the number of F1LCDx+/CTA+ samples, n10 is 
defined as the number of F1LCDx�/CTA+ samples, n00 is defined as the 
number of F1LCDx�/CTA� samples, and n01 is defined as the number of 
F1LCDx+/CTA� samples. The prevalence-adjusted positive predictive 
values (PPV), negative predictive values, and their two-sided 95% boot-
strapping CIs were calculated by adjusting for the prevalence of BRAFV600E 

mutations among the intention-to-treat population, with 5% and 10% as the 
estimated prevalence. The ctDNA TF was quantified using a combination of 
aneuploidy and variant allele frequencies of genomic alterations, whereas 
mutations and aneuploidy derived from clonal hematopoiesis were excluded 
using fragmentomic signal from cfDNA (16, 17). 

Clinical validation 
A description of the BEACON study endpoints was previously published 
(10); details are described in the Supplementary Materials. In the present 
analysis, the clinical validity of the LBx test was evaluated by assessing 
clinical efficacy in the F1LCDx BRAFV600E-positive population 
(F1LCDx+) based on the ORR difference between the Enco + Cetux and 
control arms, as well as the log HR between the two arms from the Cox 
regression model. 

Sensitivity analysis 
To assess the robustness of the results subject to missing LBx test results, a 
sensitivity analysis was performed. Multiple imputation plus bootstrapping 
were used to impute the F1LCDx BRAFV600E status in the LBx-unevaluable 
population (i.e., no sample was available for testing or the assay failed). The 
concordance analysis and the clinical efficacy for F1LCDx+ patients were 
updated by accounting for the imputed data. Multiple imputation was 
conducted in the original dataset and a total of 50 imputation datasets were 
generated. The PPA and PPV estimates were computed for each of the 
50 imputed complete datasets. 

Statistical analysis 
For the concordance analysis results, 95% two-sided CIs were calculated 
using the Wilson score method for PPA and NPA, whereas they were cal-
culated using the bootstrap method for the adjusted PPV and negative 
predictive value. For the efficacy results, log HR between the Enco + Cetux 
and control arms was estimated using the Cox proportional hazards model. 
For the ORR difference between the Enco + Cetux and control arms, the 
corresponding 95% two-sided CI was calculated using the Newcombe 
method. 

Data availability 
Upon request, and subject to review, Pfizer will provide the data that support 
the findings of this study. Subject to certain criteria, conditions, and ex-
ceptions, Pfizer may also provide access to the related individual de- 
identified participant data. See https://www.pfizer.com/science/clinical- 
trials/trial-data-and-results for more information. 

Results 
Baseline characteristics 
Overall, the baseline patient demographics and disease characteristics were 
similar between patient samples from the LBx-evaluable/CTA+ and LBx- 
unevaluable/CTA+ subsets (Table 1) and were reflective of the intention-to- 
treat population in BEACON (10). The representativeness of the analysis 
population is described in Supplementary Table S1. The median age of pa-
tients was 61.0 and 59.5 years in the LBx-evaluable/CTA+ and LBx- 
unevaluable/CTA+ subsets, respectively. Most patients had Eastern Coop-
erative Oncology Group performance status of 0 or 1 in both subsets (99.1% 
in LBx evaluable/CTA+ and 98.7% in LBx unevaluable/CTA+). Most pa-
tients had one previous line of therapy (65.9% in LBx evaluable/CTA+ and 
64.9% in LBx unevaluable/CTA+). 

Concordance between the CTA and LBx test 
To assess the concordance between the CTA and LBx test in detecting 
BRAFV600E, a total of 523 CTA-evaluated specimens (402 CTA+ and 
121 CTA�) from patients enrolled in the BEACON trial and commercially 
procured plasma samples were further evaluated. Among the 523 specimens, 
481 (360 CTA+ and 121 CTA�) had available plasma samples for LBx 
testing (Supplementary Table S2). Among the 481 samples analyzed retro-
spectively by the LBx test, 433 samples (90%) yielded valid F1LCDx testing 
results. Of the total 402 CTA+ samples, 328 samples were evaluable for the 
LBx test, with 286 F1LCDx+ and 42 negative for BRAFV600E by F1LCDx 
(F1LCDx�; Table 2). The resulting PPA was 87.2% (95% two-sided Wilson 
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score CI, 83.1%–90.4%; Table 3). Of the 42 cases that were positive for 
BRAFV600E by the tissue-based CTA but not F1LCDx (F1LCDx�/CTA+), 41 
(97.6%) had ctDNA TF <1% (Supplementary Table S3). Among samples 
with ctDNA TF >1%, PPA was 99.4% (95% two-sided Wilson score CI, 
96.7%–99.9%) and NPA was 86.7% (95% two-sided Wilson score CI, 62.1%– 
96.3%; Table 3). Among the patients screened, 105 patients who were neg-
ative for BRAFV600E by the CTA (CTA�) were included in the concordance 
analysis (Table 3). Of those, 102 were also found to be BRAFV600E negative 
by the LBx test (F1LCDx�/CTA�) and three were BRAFV600E positive by the 
LBx test (F1LCDx+/CTA�). The resulting NPA was 97.1% (95% two-sided 
Wilson score CI, 91.9%–99.0%). Among the F1LCDx+/CTA� samples, one 
(33.3%) had ctDNA TF <1% (Supplementary Table S3). 

Clinical validity of the LBx test 
We next evaluated the clinical outcomes of patients from the BEACON trial 
who would have been identified by LBx testing. The median OS of patients 
who were F1LCDx+/CTA+ (7.6 and 5.4 months in the Enco + Cetux and 
control arms, respectively; log HR ¼ �0.5) was similar to that of the CTA+ 
cohort (9.5 and 5.9 months in the Enco + Cetux and control arms, respec-
tively; log HR ¼ �0.5; Table 4). The ORR was similar between patients who 
were F1LCDx+/CTA+ (18.5% and 1.4% in the Enco + Cetux and control 
arms, respectively) and in the CTA+ cohort (19.9% and 1.5% in the Enco + 
Cetux and control arms, respectively; Table 4). The ORR difference (17.1%) 
between the Enco + Cetux and control arms and the log HR (�0.5) in the 
F1LCDx+/CTA+ group were similar to those in the CTA+ group (ORR 
difference, 18.4%; log HR ¼ �0.5). There were 16 responders with complete 

or partial response who were unevaluable by LBx, resulting in a bigger ORR 
difference (25.7%) in the F1LCDx-unevaluable/CTA+ population. After 
imputing the CDx detection status for the LBx-unevaluable samples, the 
ORR of patients treated with Enco + Cetux improved for the F1LCDx+/ 
CTA+ cohort (mean ORR difference of 18.9% and mean log HR ¼ �0.5) 
compared with the CTA+ cohort (ORR difference of 18.4%; log HR ¼ �0.5). 

Forty-two patients were found to be F1LCDx–/CTA+. The median OS for 
the F1LCDx–/CTA+ cohort was not available in the Enco + Cetux arm 
because of the small number of events and 12.2 months in the control arm 
(log HR ¼ �2.7). The ORR in this cohort was 17.4% and 0.0% in the Enco + 
Cetux and control arms, respectively. Furthermore, 74 patients were 
F1LCDx-unevaluable/CTA+. The median OS for this cohort was 18.9 and 
7.2 months in the Enco + Cetux and control arms, respectively (log 
HR ¼ �0.4). The ORR was 28.1% and 2.4% in the Enco + Cetux and control 
arms, respectively. 

Sensitivity analysis 
To assess the robustness of the concordance analysis and efficacy analysis, a 
sensitivity analysis was performed to account for the missing data for the 
BRAFV600E alteration status in the LBx-unevaluable population. After in-
cluding imputed data, the estimated median PPA was 85.5%, median PPV 
(10% prevalence parameter) was 76.9%, and median PPV (15% prevalence 
parameter) was 84.1% (Supplementary Table S4). For the F1LCDx+/CTA+ 
population, the median ORR difference after including imputed data was 
19.0 (log HR ¼ �0.53; Supplementary Table S5). The estimated efficacy 
results for the F1LCDx+ population were comparable with those for the 

LBx plasma testing for
BEACON trial samples

LBx plasma testing for
procured samples

CTA tissue-negative testing

694 Samples

441 Samples

Control arm

182 Samples

Enco + Cetux arm

Enco + Cetux arm

208 Samples

Excluded:
12 Unevaluable samples

9 Extraction fails
2 LC fails
1 SEQ QC fails

Excluded:
23 Unevaluable samples

18 Extraction fails
2 LC fails
3 SEQ QC fails

Control arm

170 LBx-evaluable
plasma samples

185 LBx-evaluable
plasma samples

355
Total LBx-evaluable
clinical trial samples

458
Total LBx-evaluable

plasma samples

103
LBx-evaluable

procured plasma samples

121
Tissue-negative
samples (CTA–)

113 Procured
samples

8 Clinical trial
samples

120 Procured
tissue samplese

Excluded:
6 Unevaluable
samples
1 CTA+ sample

128 Tissue samplesd
Tissue-matched plasma

120 Procured plama
samplesc

Excluded:
Excluded: 17 Unevaluable samples

12 Extraction fails
1 LC fail
4 SEQ QC fails

51 Samples unavailableb

Excluded:
250 Samples from 
Enco + Bini + Cetux arm, safety 
lead-in, and screen fails

3 Samples not included in
analysis

FIGURE 1 Sample processing flow chart. LC, library construction; QC, quality control; SEQ, sequencing. aData from these samples are not included 
in this study. bPlasma sample was not available for testing with LBx. cMatching plasma comes from clinical trial samples. dTested externally by the 
Qiagen Therascreen BRAF V600E RGQ PCR Kit. eCommercially procured tissue-matched plasma samples that were BRAF wild-type by tissue testing 
and were used for concordance testing. 
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CTA+ population (and were better when c ¼ 100%; Supplementary 
Table S6). 

Discussion 
Overall, we found a high concordance between the LBx test and the CTA in 
detecting BRAFV600E in samples prospectively collected from patients in the 

phase III BEACON study, with PPA and NPA values similar to previous 
concordance analyses between tissue and LBx testing (12, 18–20). The 
clinical validity of the F1LCDx test in identifying patients with BRAFV600E 

was comparable with that observed in the CTA group, which supports the 
reasonable assurance of effectiveness of the LBx test. The discordance ob-
served in the F1LCDx�/CTA+ and F1LCDx+/CTA� samples may be at-
tributed to the low ctDNA TF (<1%) among these samples. For samples with 
low ctDNA TF, concurrent tissue and ctDNA testing should be considered to 
improve the detection of BRAFV600E mutations (18). 

The clinical outcomes of patients treated with Enco + Cetux were similar 
between those in the F1LCDx+/CTA+ cohort and those in the CTA+ cohort. 
Of note, after imputing the CDx detection status for F1LCDx-unevaluable 
samples, efficacy for the F1LCDx+/CTA+ population treated with Enco + 
Cetux improved compared with that of the CTA+ population. These results 
support the utility of LBx testing for identifying patients with mCRC who 
have a qualifying BRAFV600E mutation and may benefit from treatment with 
Enco in combination with Cetux. 

TABLE 2 Contingency table comparing BRAFV600E status between 
the CTA and F1LCDx 

CTA+ CTA− Total 

F1LCDx+ 286 3 289 
F1LCDx� 42 102 144 
F1LCDx unevaluable 74 16 90 
Total 402 121 523 

TABLE 1 Demographics and clinical characteristics in the LBx test-evaluable and -unevaluable subsets 

Covariate 
CTA+a 

(n = 402) 
LBx evaluable/CTA+ 
(n = 328) 

LBx unevaluable/CTA+ 
(n = 74) 

Age 
Median (range), years 61 (27–91) 61 (27–91) 60 (29–80) 

Sex, n (%) 
Female 212 (52.7) 173 (52.7) 39 (52.7) 
Male 190 (47.3) 155 (47.3) 35 (47.3) 

ECOG PS, n (%) 
0 197 (49.0) 154 (47.0) 43 (58.1) 
1 201 (50.0) 171 (52.1) 30 (40.5) 
2 4 (1.0) 3 (0.9) 1 (1.4) 

Location of primary tumor, n (%) 
Both sides 28 (7.0) 24 (7.3) 4 (5.4) 
Left colon 137 (34.1) 109 (33.2) 28 (37.8) 
Right colon 213 (53.0) 178 (54.3) 35 (47.3) 
Unknown colon 24 (6.0) 17 (5.2) 7 (9.5) 

Involvement of ≥3 organs, n (%) 185 (46.0) 157 (47.9) 28 (37.8) 
Presence of liver metastases, n (%) 232 (57.7) 194 (59.2) 38 (51.4) 
Primary tumor removed, n (%) 

Completely resected 228 (56.7) 190 (57.9) 38 (51.4) 
Partially resected or unresected 174 (43.3) 138 (42.1) 36 (48.7) 

Previous lines of therapy, n (%) 
1 264 (65.7) 216 (65.9) 48 (64.9) 
2b 137 (34.1) 111 (33.8) 26 (35.1) 

High microsatellite instabilityc, n (%) 31 (9.5) 25 (8.7) 6 (15.8) 
Baseline carcinoembryonic antigen level >5 μg/L, n (%) 301 (75.1) 256 (78.1) 45 (61.6) 
Baseline C-reactive protein level >10 mg/L, n (%) 152 (38.4) 126 (39.0) 26 (35.6) 
Irinotecan status, n (%) 206 (51.2) 172 (52.4) 34 (46.0) 

Abbreviation: ECOG PS, Eastern Cooperative Oncology Group performance status. 
aOf the 441 patients in the control and Enco + Cetux arms, 31 were CTA not evaluable and eight were CTA�; therefore, these were excluded, resulting in 
402 samples. 

bOne patient in the control arm received more than two previous lines of therapy. 
cHigh microsatellite instability was determined by PCR. 
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Patients who are not able to provide evaluable tumor tissue for genomic 
testing or who face significant health risks from the procedures required to 
obtain a biopsy may have limited options, and a well-validated and reliable 
LBx test could provide a pragmatic alternative to tissue biopsy for identifying 
patients with mCRC who might benefit from Enco in combination with 
Cetux. The use of multi-gene panels such as F1LCDx enables identification 
of other alterations within colorectal cancer (e.g., KRAS) or across tumor 
types (e.g., NTRK1/2/3) which are relevant to diagnosis and potential 
treatment options for patients (21, 22). In addition to supporting the iden-
tification of patients with BRAFV600E mutations who may benefit from 
treatment with Enco in combination with Cetux, a comprehensive genomic 
profiling test such as F1LCDx may provide an opportunity for monitoring 
genomic alterations associated with acquired resistance alterations (23). 
Furthermore, colorectal cancer is mainly treated in the community, and 

patients may not be followed systemically in the same center throughout the 
patient journey. This may require that tissue samples be requested from 
other institutions, which can be challenging and often lead to delays in 
testing. LBx offers a more straightforward approach as blood samples can be 
collected easily and test results can be available to physicians within 2 weeks, 
leading to appropriate, informed, and personalized treatment strategies for 
patients. Rapid genomic testing has become increasingly important given the 
recent approval of Enco, Cetux, and mFOLFOX6, including in the first-line 
setting, for BRAFV600E mCRC. 

Although interpretation is limited by the smaller size of the F1LCDx�/ 
CTA+ cohort, a numerically reduced estimated efficacy of Enco + Cetux in 
the F1LCDx�/CTA+ cohort compared with ORR outcomes in the CTA+ 
cohort was observed. Additionally, among patients in the F1LCDx�/CTA+ 

TABLE 3 Concordance analysis results 

Prevalence, % 
Concordant result with 
CTA and F1LCDx test Denominatora 

Point estimate, 
(95% two-sided CIb), % 

PPA NA 286 328 87.2 (83.1–90.4) 
NPA NA 102 105 97.1 (91.9–99.0) 
Adjusted PPV 5 NA NA 61.6 (40.9–100.0) 
Adjusted NPV 5 NA NA 99.3 (99.1–99.5) 
Adjusted PPV 10 NA NA 77.2 (59.4–100.0) 
Adjusted NPV 10 NA NA 98.6 (98.2–98.9) 

ctDNA TF >1% 
PPA NA 169 170 99.4 (96.7–99.9) 
NPA NA 13 15 86.7 (62.1–96.3) 
Adjusted PPV 5 NA NA 28.2 (13.6–100.0) 
Adjusted NPV 5 NA NA 100.0 (99.9–100.0) 
Adjusted PPV 10 NA NA 45.3 (24.9–100.0) 
Adjusted NPV 10 NA NA 99.9 (99.7–100.0) 

Abbreviations: NA, not available; NPV, negative predictive values. 
aThe denominator for PPA is the total number of CTA+ samples among the F1LCDx-evaluable samples. The denominator for NPA is the total number of 
CTA� samples among the F1LCDx-evaluable samples. 

bCI was calculated using the Wilson score method for PPA and NPA, whereas for the adjusted PPV and NPV, the bootstrap method was used. 

TABLE 4 Primary efficacy in the bridging study subpopulations 

CTA+ 
(n = 402) 

F1LCDx+/CTA+ 
(n = 286) 

F1LCDx−/CTA+ 
(n = 42) 

F1LCDx 
unevaluable/CTA+ 
(n = 74) 

ORR for Enco + Cetux arm, % 19.9 18.5 17.4 28.1 
ORR for control arm, % 1.5 1.4 0 2.4 
ORR difference (95% two-sided CI),a % 18.4 (12.7–24.6) 17.1 (10.5–24.2) 17.4 (�2.4 to 37.1) 25.7 (9.7–43.1) 
Median OS for Enco + Cetux arm, months 9.5 7.6 NAb 18.9 
Median OS for control arm, months 5.9 5.4 12.2 7.2 
Log HR (95% two-sided CI) �0.5 (�0.8 to �0.3) �0.5 (�0.8 to �0.2) �2.7 (�4.7 to �0.7) �0.4 (�1.2 to 0.3) 

Abbreviation: NA, not available. 
aCI was calculated using the Newcombe method. 
bThe estimated median OS is not available because of the small number of events in this group (three events). 
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cohort, a numerically improved OS compared with patients in the CTA+ 
cohort and F1LCDx+/CTA+ cohort was observed. This may be due to a 
larger tumor bulk needed for detectable ctDNA shedding. Patients with 
smaller tumor volumes could have better disease prognosis and may thus 
contribute to the better survival outcomes in the F1LCDx�/CTA+ cohort. 
This is consistent with the association observed between undetectable or low 
levels of ctDNA at baseline and/or on treatment and improved PFS and OS 
across different treatment regimens and tumor types (24–28). To avoid 
missed detection of BRAFV600E mutations, additional tissue testing should be 
considered if no alterations are detected by the LBx test or if samples have a 
low ctDNA TF <1% (16, 29, 30). Further investigation is warranted to ex-
plore the tumor burden of the disease at baseline in the F1LCDx+/CTA+ and 
F1LCDx�/CTA+ subsets. 

In this retrospective bridging study, the main diagnostic was a tumor tissue– 
based single gene PCR assay (Qiagen Therascreen), whereas the F1LCDx is 
an NGS-based comprehensive genomic profiling assay performed on ctDNA 
extracted from blood. This retrospective bridging was therefore only possible 
for a subset of participants who had available plasma samples. Additionally, 
this analysis was not statistically powered. 

Overall, this clinical bridging study supports using the LBx test as a clinically 
valid assay for identifying BRAFV600E alterations in patients with mCRC who 
may be eligible for treatment with Enco in combination with Cetux. 
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