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ABSTRACT

◥

Purpose: OncoBEAM is a circulating tumor DNA (ctDNA)
test that uses the BEAMing digital PCR technology. We clariﬁed the
association between the baseline tumor burden and discordance in
the RAS status by metastatic sites in patients with a single metastatic
site.
Experimental Design: Data from previous Spanish and Japanese
studies investigating the concordance of the RAS status between
OncoBEAM and tissue biopsy in 221 patients with metastatic
colorectal cancer (mCRC) were used. We collected data from
patients with liver, peritoneal, or lung metastases and evaluated
the concordance rates according to the metastatic site and the
association between the concordance rate and tumor burden.
Results: Patients had metastases in the liver (n ¼ 151), peritoneum (n ¼ 25), or lung (n ¼ 45) with concordance rates of 91% (95%
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conﬁdence interval, 85%–95%), 88% (68%–97%), and 64% (49%–
78%), respectively. Factors associated with concordance included
the baseline longest diameter and lesion number (P ¼ 0.004), and
sample collection interval (P ¼ 0.036). Concordance rates ≥90%
were observed in the following groups: liver metastases alone,
regardless of the baseline longest diameter and lesion number;
peritoneal metastases alone in patients with a baseline longest
diameter ≥20 mm; and lung metastases alone in patients with a
baseline longest diameter ≥20 mm and/or number of lesions ≥10.
Conclusions: Plasma ctDNA-based liquid biopsy in patients
with mCRC may be useful depending on the metastatic site. The
maximum diameter and lesion number should be carefully considered when determining patients’ RAS status with only peritoneal
or lung metastases.

Introduction
Colorectal cancer is the third most common cause of cancer-related
deaths, and the fourth most diagnosed cancer worldwide (1). Substantial progress has been made in treating metastatic colorectal cancer
(mCRC) through the development of anti-VEGF and anti-EGFR
mAbs (2, 3). However, several studies have reported that patients
with mCRC with tumors harboring RAS mutations are unlikely to
beneﬁt from anti-EGFR antibodies (2, 3); therefore, such therapies are
not recommended (4).
Almost all patients with mCRC have low, but detectable levels of
cell-free circulating tumor DNA (ctDNA), in which tumor mutations
can be characterized (5). Liquid biopsy is highly sensitive for detecting
mutations present at low frequencies.
The OncoBEAM RAS CRC Kit (Sysmex Corporation), which uses
highly sensitive BEAMing digital PCR technology (6–8), is an in vitro
diagnostic tool that has been CE-marked (conformity with health,
safety, and environmental protection standards for products sold
within the European Economic Area) and approved by the Pharmaceuticals and Medical Devices Agency in Japan for detecting plasma
RAS mutations in patients with mCRC. This kit has been widely used
for patients whose tissues are difﬁcult to collect and who are planned to
be treated with anti-EGFR antibody rechallenge. A comparison
between the use of BEAMing technology to determine the RAS
mutational status in plasma ctDNA and the reference method of
tumor tissue DNA in previous clinical trials revealed concordance
rates between 86% and 93% in all patients with mCRC regardless of the
metastatic sites (9–13).
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Translational Relevance
The BEAMing technology with the OncoBEAM RAS CRC
Kit can detect the plasma RAS status in patients with metastatic
colorectal cancer (mCRC). However, the concordance rate in
circulating tumor DNA (ctDNA) and tumor tissue RAS status
varies by metastatic site. We conducted the ﬁrst international
collaboration study on the concordance rate of liquid and tumor
biopsy RAS status by metastatic site. The utility of OncoBEAM may
depend on tumor burden and/or the metastatic site. There is no
need to consider the cutoff for patients with only liver metastases.
The baseline longest diameter and number of lesions are associated
with the concordance rate. Peritoneal metastases alone with a
lesion diameter <20 mm, lung metastases alone with a lesion
diameter <20 mm, and <10 lesions are discordant for ctDNA
testing. Careful consideration should be given to patients with
mCRC with lung or peritoneal metastases only when using liquid
biopsy.

Previous studies of small numbers of patients suggested that the
concordance rates in ctDNA and tissue RAS mutational status varied
by metastatic site (9, 10). An adequate concordance between the
plasma and tissue RAS mutational status was observed in patients
with mCRC with liver metastases alone (9, 10). Although they were
thought to be associated with a signiﬁcant discordance in patients with
only lung metastases, the baseline longest diameter and number of
lesions in the lungs were signiﬁcantly associated with concordance (9).
Moreover, a range of concordance rates depending on the metastatic
site was suggested in previous studies (9, 10).
We integrated individual patient data from cases evaluated in
previous studies (9–11) wherein the RAS status in ctDNA using the
OncoBEAM RAS CRC Kit was examined. Through a combined
analysis, we investigated the clinical factors associated with concordance between the plasma and tissue RAS mutational status in patients
with mCRC with liver, peritoneal, or lung metastases only to identify
individuals eligible for liquid biopsy analysis.

Materials and Methods
Study design and patients
Individual patient data from one Japanese (9) and two Spanish
studies (refs, 10, 11; n ¼ 662), which examined the concordance rates
between plasma and tissue RAS mutational status using the
OncoBEAM RAS CRC Kit and tissue reference method, respectively,
were integrated. Patients who met the following criteria were selected
(n ¼ 261, CONSORT diagram; Supplementary Fig. S1): (i) patients
with pathologically conﬁrmed metastatic colorectal adenocarcinoma;
(ii) patients who were chemo na€ve or conﬁrmed to have a progressive
disease without having initiated subsequent treatment; (iii) patients
with no prior treatment with anti-EGFR mAb or regorafenib; (iv)
patients with only liver metastases, peritoneal metastases, or lung
metastases; and (v) patients with no tumor removal before blood
sample collection. The interval between plasma collection and CT was
≤3 months.
Tumor burden data for post-hoc analysis were obtained by investigating the baseline longest diameter of the largest lesion and number
of tumor lesions on CT within 3 months before or after ctDNA sample
collection. Scatterplots of concordant and discordant cases based on
the tumor burden data were used to conﬁrm the signiﬁcance of the
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cutoffs. This combined study was approved by the ethics and review
committees at each institution, and all patients provided written
informed consent. All procedures related to the study were performed
in accordance with the Helsinki Declaration and the Ethical Guidelines
for Medical Health Research Involving Human Subjects in Japan and
Spain.
Study outcomes
This study’s primary outcome was to investigate the clinical factors
associated with concordance between the plasma and tissue RAS
mutational status. The secondary outcome was to determine the
optimal cutoffs for clinical factors to maintain a sufﬁcient concordance
greater than 90% at each metastatic site.
Statistical analysis
Continuous variables were described using medians and ranges,
whereas categorical variables were presented as percentages. The
concordance between the plasma and tissue RAS mutational status
in the overall cohort, RAS-mutant concordance based on tissue RASmutant cohort, and RAS wild-type concordance based on tissue RAS
wild-type cohort were calculated with 95% conﬁdence interval (CI)
and tested using Fisher’s exact test.
Factors associated with concordance were calculated using univariate and multivariate logistic regression models. Multivariate analysis
was performed for factors with P < 0.1 based on univariate analysis.
Variables were entered directly if P < 0.1 in the univariate analysis.
Statistical analyses were performed using R version 3.6.1.

Results
Of the 261 patients with mCRC who were initially enrolled (CONSORT diagram; Supplementary Fig. S1), 40 were excluded because of
missing measurements for the baseline longest diameter or number of
lesions (n ¼ 15) or due to an interval of more than 3 months between
plasma collection and CT (n ¼ 25). The full analysis set comprised of
221 patients who had liver metastases alone (n ¼ 151), peritoneal
metastases alone (n ¼ 25), and lung metastases alone (n ¼ 45). Patient
characteristics categorized by metastatic sites are shown in Supplementary Table S1. The cutoffs for the baseline longest diameter and
number of lesions were provisionally set to 20 mm and 10 lesions,
respectively, based on a previous report (9).
The overall concordance rate in liver metastases alone was 91% (95%
Cl, 85%–95%), whereas those of peritoneal and lung metastases alone
were 88% (95% CI, 68%–97%) and 64% (95% CI, 49%–78%), respectively. Similar trends were observed in the European and Asian subsets
(Fig. 1). The concordance rate of lung metastases alone was relatively
low compared with that of liver or peritoneal metastases alone. The
mean of mutation allele fraction (MAF) of liver, peritoneum, and lung
was 6.8%, 7.2%, and 2.6%, respectively. The MAF was relatively low in
lung metastases alone, as shown in Supplementary Fig. S2.
RAS mutations were detected in 39% and 47% of plasma and tissue
samples, respectively. The overall concordance between plasma- and
tissue-based analyses was 85% (188/221; 95% CI, 80%–89%), with 76%
(79/104; 95% CI, 66%–84%) RAS-mutant concordance based on tissue
RAS-mutant cohort and 93% (109/117; 95% CI, 87%–97%) RAS wildtype concordance based on tissue RAS wild-type cohort. The RASmutant concordance was signiﬁcantly lower than the RAS wild-type
concordance (P < 0.001). Almost no difference in the concordance rate
for each codon of RAS was observed (data not shown).
Univariate/multivariate analysis of the clinical ﬁndings between
concordant and discordant cases was conducted. The analysis for
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Figure 1.
Combined analysis of concordance in the RAS mutational
status between plasma- and tumor tissue–based analyses for
individual metastatic sites: single-organ limited (A), liver
metastases alone (B), peritoneal metastases alone (C), and
lung metastases alone (D).

identifying factors associated with discordance is described in Supplementary Table S2. On multivariate analysis, the most signiﬁcant
factors associated with concordance were the baseline longest diameter
of the lesion and the number of lesions (P ¼ 0.004; Table 1). Both
factors are related to tumor burden and are evaluable factors in clinical
practice, thus, these values were adopted as cutoffs to select concordant
cases in this study.
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Furthermore, univariate and multivariate analyses of the clinical
ﬁndings by tissue RAS mutational status between concordant and
discordant cases were conducted (Supplementary Tables S3 and S4). In
the tissue RAS-mutant cohort, the analysis for identifying factors
associated with discordance is described in Supplementary
Table S3. In multivariate analysis of the tissue RAS-mutant cohort,
the signiﬁcant factors associated with the RAS-mutant concordance
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Table 1. Univariate and multivariate analyses of clinical ﬁndings between concordant and discordant cases in the overall cohort.
Categorical variablesa
Age
Sex
Previous chemotherapy
Location of primary tumorc
Metastatic site

Collection interval (tissue vs. plasma)
Source of tissue samples
Baseline longest diameter and number of lesions
Resection of primary tumor
CEA

Male/female
Yes/no
Left/right
Liver/other
Peritoneum/other
Lung/other
Metastasis/primary
<20 mm and <10/≥20 mm or ≥10
Yes/no
<5 ng/mL/≥5 ng/mL

Univariate analysis
OR (95% CI)
Pb

Multivariate analysis
OR (95% CI)
Pb

1.0 (0.6–1.7)
1.4 (0.6–3.3)
2.4 (1.1–5.2)
2.9 (1.0–8.6)
0.3 (0.1–0.6)
0.8 (0.2–2.7)
5.2 (2.3–11.4)
2.2 (1.5–3.3)
1.9 (0.7–5.7)
5.0 (2.3–10.9)
3.8 (1.1–13.1)
1.6 (0.7–3.6)

NA
NA
0.7 (0.2–2.0)
2.0 (0.6–6.8)
0.9 (0.2–3.9)
NA
1.8 (0.4–8.1)
1.9 (1.0–3.3)
NA
3.8 (1.5–9.5)
1.4 (0.3–5.6)
NA

0.869
0.383
0.032
0.059
<0.001
0.663
<0.001
<0.001
0.237
<0.001
0.032
0.296

NA
NA
0.500
0.261
0.897
NA
0.443
0.036
NA
0.004
0.633
NA

Abbreviations: CEA, carcinoembryonic antigen; NA, not available; OR, odds ratio.
a
The second category for each variable was used as reference in the model to calculate the OR.
b
P values were derived using Fisher’s exact test for categorical variables and the Kruskal–Wallis test for continuous variables.
c
Left includes splenic ﬂexure to rectum; right includes caecum to transverse colon.

were collection interval (P ¼ 0.004), baseline longest diameter, and
number of lesions (P ¼ 0.005), as it was with the overall cohort. On the
other hand, there was no signiﬁcant factor in univariate analysis of the
tissue RAS wild-type cohort (Supplementary Table S4).
The concordance rate in the liver metastases alone was more than
90%, with any cutoff value used (Fig. 2). Using the baseline longest

diameter of lesion ≥20 mm as a cutoff, the concordance rate of
peritoneal metastases alone was 94%, providing a sufﬁcient concordance and indication for OncoBEAM testing, with a coverage of
68%, that is, this cutoff covered 68% of patients with liver metastases.
The reliability of using the cutoff of a baseline longest diameter ≥20 mm
for patients with mCRC with peritoneal metastases alone was reﬂected
Figure 2.
Concordance and coverage with an
optimal cutoff of the baseline longest
diameter of lesions alone. Coverage
refers to the percentage of patients
having the speciﬁc metastatic lesions
(liver/peritoneum/lung) covered or
included in the categories speciﬁed by
lesion size, as deﬁned by CT.
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Figure 3.
Concordance and coverage with optimal cutoffs of the baseline longest
diameter of lesions and number of
lesions in lung metastases alone. The
concordance rate of lung metastases
increased to 94%, with an improved
coverage rate of 38%, when using the
cutoff of baseline longest diameter of
≥20 mm or ≥10 lesions. Coverage
refers to the percentage of patients
having the lung metastatic lesions
covered or included in the categories
speciﬁed by lesion size and numbers,
as deﬁned by CT.

by a high RAS-mutant concordance of 86% (95% CI, 42%–99%), along
with 100% (95% CI, 66%–100%) RAS wild-type concordance. Using
20 mm as the cutoff value for the baseline longest diameter in
peritoneal metastases alone, 67% (2/3) of discordant cases were below
the cutoff value, and 73% (16/22) of concordant cases were above the
cutoff (Supplementary Fig. S3).
The concordance rate for lung metastases alone using the cutoff of
the baseline longest diameter ≥20 mm alone was 90%, but the coverage
was poor (22%; Fig. 2). Similarly, when the number of lesions ≥10
alone was used as a cutoff, the concordance rate for lung metastases
alone was 89%, with poor coverage of 20% (Supplementary Fig. S4).
However, the concordance rate of lung metastases alone increased to
94%, with improved coverage of 38% when using the cutoff of a
baseline longest diameter ≥20 mm and ≥10 lesions (Fig. 3), with 88%
RAS-mutant concordance. Most discordant cases (94%, 15/16)
occurred in the baseline longest diameter of lung lesions <20 mm
and <10 lesions (Fig. 4, as shown in the black square). Concordance
within and without the cutoffs were 46% (95% CI, 28%–66%) and
94% (95% CI, 69%–100%), respectively, showing a signiﬁcant difference (P < 0.001).

Discussion
This is the ﬁrst combined analysis of individual patient data from
Europe and Asia on the concordance of RAS mutational status by
metastatic site between plasma ctDNA and tumor tissue DNA testing (14). There were no differences between the European and Asian
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data. We found that the concordance rates differed by the metastatic site. Although there is currently no clear explanation for this
result, the effects may have been organ speciﬁc. Therefore, it is
necessary to investigate the clinical factors associated with high
concordance in each metastatic site so that patients with these
clinical factors can be selected for OncoBEAM-based detection
of their RAS mutational status.
In our multivariate statistical model, the most signiﬁcant concordance factors were the baseline longest diameter and the number of
lesions (P ¼ 0.004), followed by the sample collection interval (P ¼
0.036). Tumor burden (i.e., baseline longest diameter and number of
lesions) impacts the amount of ctDNA released into plasma (15). Thus,
an increasing amount of ctDNA results in increased concordance rates.
The baseline longest diameter and number of lesions can be easily
measured and implemented in clinical practice. In addition, the sample
collection interval has been associated with discordance, in which
longer intervals between plasma and tissue collections may contribute
to clonal evolution (9, 16).
For patients with liver metastases alone, the concordance rate was
high in Europe and Asia. As such, the lesion diameter and number are
not necessary to select patients for testing using the OncoBEAMTM
RAS CRC Kit. The median MAF was higher in liver metastases than in
peritoneal and lung metastases (9, 10, 12, 17). Bachet and colleagues
reported that primary tumor resection and the presence of liver
metastases were signiﬁcantly associated with the presence of ctDNA,
although liver metastases appeared to be the key factor (18). Elez and
colleagues observed a high MAF burden in liver metastases, which was
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Figure 4.
Scatterplot of concordant and discordant
cases based on baseline longest diameter and
number of lesions to conﬁrm the optimal cutoffs in lung metastases alone. a, Excluded three
cases where the exact number of lesions was
unknown, for example, >30. Two of three cases
were concordant and one case was discordant.
b
, P value was derived using Fisher’s exact test.

not related to the volume and number of lesions in
liver metastases (17). ctDNA is thought to be easily released into
the circulation regardless of the tumor size or lesion number in
the liver.
In previous studies, patients with peritoneal metastases alone
showed a low MAF burden (12, 17). MAF from patients with only
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peritoneal metastases was lower than in patients with peritoneal
metastases and at least one other metastatic site (12). The discordance
was associated with the presence of peritoneal metastases (18). However, our combined study revealed considerable high concordance
(88%) without setting a cutoff value. This may be because we enrolled
cases in which lesions could be detected by CT; a total of 68% (17/25) of
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peritoneal metastases with the longest lesion diameter ≥20 mm were
included. In addition, sufﬁcient concordance and good coverage were
observed when we selected cases with the RAS wild-type concordance
longest diameter ≥20 mm, with high RAS-mutant concordance, and
RAS wild-type concordance. In peritoneal metastases alone, the maximum size may be related to the amount of ctDNA release.
In contrast, the concordance in patients with lung metastases
alone was extremely low in Europe and Asia (9, 10), likely because
of the low MAF (9, 10, 12, 17). Like previous studies, this study’s
results also showed that the MAF with lung metastases tended to be
lower than for other metastatic sites (Supplementary Fig. S2). The
release of ctDNA from lung metastases is thought to be extremely
low, thus, tumor burden plays a more important role in lung
metastases. As such, the lesion size and number must be determined
to select appropriate patients with lung metastases alone for
OncoBEAM testing, that is, a closer evaluation of the tumor
burden is required. These two factors were also selected as cutoffs
for patients with lung metastases alone in the Japanese study (9).
Under the cutoff value, a liquid biopsy may not detect RAS mutations in lung metastases. In such cases, the tissue-based analysis
would be the preferred choice.
In a post-hoc analysis, we reviewed the size and number of
metastatic tumors of baseline CT in each case. This is the ﬁrst
international collaborative study to evaluate the relationship
between the tumor burden and concordance by metastatic site
between plasma- and tissue-based RAS mutational analysis. This
study reveals the impact of the tumor burden and organ speciﬁcity
on concordance rates.
In our study, the presence of previous chemotherapy was signiﬁcantly associated with a higher discordance than its absence
for the overall cohort (P ¼ 0.045; Supplementary Table S2). In
univariate analysis of clinical ﬁndings between concordance and
discordance in overall and tissue RAS-mutant cohorts, previous
chemotherapy was indicated to be one of the signiﬁcant factors, as
described in Table 1 and Supplementary Table S3 (P ¼ 0.032 and
P ¼ 0.019, respectively); however, it was not a signiﬁcant factor
in multivariate analysis for overall and RAS-mutant cohorts (P ¼
0.500 and P ¼ 0.214, respectively). This study included 50 patients
who received chemotherapy between tissue and plasma collection.
The mutational state was changed in 12 cases, including 10 cases
(one case in the liver, three in the peritoneum, and six in the lung)
that changed from mutant to wild-type, suggesting below limit-ofdetection level (called NeoRAS; ref. 19). All of the 10 cases had
tumors with sizes <20 mm, and each case had <10 lesions, indicating a low tumor burden. The collection interval between tissue
and plasma sampling is also a signiﬁcant factor in the multivariate
analysis for the overall and tissue RAS-mutant cohorts, as
shown in Table 1 and the Supplementary Table S3 (P ¼ 0.036
and P ¼ 0.004, respectively), indicating that the tumor volume
reduction as a result of chemotherapy may affect the discordance of
the tissue RAS mutant. Only two cases (one case each in the lung
and the liver) changed from wild-type to mutant during chemotherapy. These might be due to clonal evolution or tumor heterogeneity, even in cases that did not receive targeting agents, such as
an anti-EGFR antibody and/or regorafenib.
In conclusion, the OncoBEAM RAS CRC Kit’s utility in
patients with mCRC may depend on the metastatic site. Although
no further selection is required for patients with liver metastases
alone, careful attention should be given to patients with peritoneal
metastases alone with lesion size <20 mm, as well as those with
lung metastases alone with lesion size <20 mm and <10 metastatic
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lesions when determining the RAS mutational status using the
ctDNA-based assay.
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