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Background: Early identification of colorectal cancer (CRC) patients that are BRAF-V600E mutant
and/or microsatellite instability-high (MSI-High), has both prognostic and predictive value. We wanted
to highlight an observation of utilizing 2 simple, rapid and universally available lab tests, i.e., carbohydrate
cancer antigen 19-9 (CA 19-9) and carcinoembryonic antigen (CEA) tumor markers, the ratio (CA-19-9/
CEA) of which can distinctly identify these patients from other molecular subsets of CRC.

Methods: All patients with metastatic CRC from December 2016 to February 2019 were identified, and
included in the study if they had both CA19-9 and CEA tests available. Circulating tumor DNA (ctDNA)
testing and tissue genetic testing results were used to categorize patients into BRAF V600E microsatellite
stable (MSS), MSI-High, RAS mutant MSS and RAS/RAF wild type CRCs. Kruskal-Wallis test was used to
compare the CA19-9/CEA ratio between mutation types and the pairwise p values were adjusted for multiple
comparisons with Holm method. For sensitivity analysis, the same analysis was repeated for the mean and
median ratio of each patient. All tests were two-sided with alpha level set at 0.05 for statistical significance.
Results: BRAF-V600E MSS CRC patients had a discordantly profound elevation in CA-19-9 levels as
opposed to the CEA levels. Patients in the BRAF V600E MSS subset had the highest median CA19-9/CEA
ratio versus the least median ratio in MSI-High patients. The median of maximum CA-19-9/CEA ratio was
28.92 (range, 2.76-707.27) in BRAF-V600E MSS patients and 4.06 (range, 0.46-166.74) in MSI-High subset
of patients.

Conclusions: To date, this is the first report utilizing the ratio of tumor markers CA19-9/CEA as a
predictive rather than just prognostic tool to identify BRAF-V600E MSS and MSI-High CRC patients.
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Introduction genes. Among them, CRC with BRAF V600E mutation is

Colorectal cancer (CRC) is a heterogeneous disease associated with the worst survival and poor prognosis (1).

involving various genomic alterations including but not Typically, upfront triplet chemotherapy with an anti-VEGF
limited to APC, TP53, KRAS, PIK3CA, SMAD4, and BRAF agent is the preferred approach. Recently targeted therapy
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Figure 1 Ellipse plots of CA19-9 vs. CEA in all subsets of CRC patients. The ellipse plot helps visualize and encompasses in an ‘ellipse’ all
the values for each subtype (variable) noted. As noted, the 4 different subtypes studied here (BRAF-V600E MSS, MSI-High, RAS-mutant
and RAS/RAF-wild-type) have all ellipses that are relatively distinct. Ellipses more to the right (towards higher CA-19-9) with the worse

prognosis. CA 19-9, cancer antigen 19-9; CEA, carcinoembryonic antigen.

approaches utilizing anti-EGFR alongside BRAF-inhibitors
are now included in the guidelines for after failure of
first line therapy. On the other hand, CRC patients with
mismatch repair deficiency or microsatellite instability-high
(AMMR/MSI-High) have a high tumor mutation burden
and respond dramatically to immunotherapy, and not as well
to chemotherapy (2). So, early identification of these two
subsets of patients has both prognostic and predictive value.
Tissue biopsy with molecular profiling and mutational
analysis is the standard technique used for grouping and
analyzing the tumors. Liquid biopsies (circulating tumor
DNA testing—ctDNA testing) are also increasingly being
used.

We wanted to highlight an observation of utilizing
2 simple, rapid and universally available lab tests,
i.e., carbohydrate cancer antigen 19-9 (CA 19-9) and
carcinoembryonic antigen (CEA) tumor markers, the ratio
(CA-19-9/CEA) of which can distinctly identify these
subsets of patients.

Methods

Patients with metastatic CRC at Mayo Clinic from
December 2016 to February 2019 were identified, and
included in the study if they had both CA19-9 and CEA
tests available. ctDNA, mismatch repair testing by IHC and
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NGS tissue genetic testing results were used to categorize
patients into BRAF V600E MSS, MSI-High, RAS mutant
MSS and RAS/RAF wild type CRCs. A total of 85 patients
were included in the study. Among them, 7 patients were
BRAF VG600E MSS, 6 were MSI-High, 20 were RAS
mutant MSS and 52 were RAS/RAF wild type.

When patients had multiple records of CA19-9/CEA,
the maximum ratios for each patient was first identified,
and summarized as mean (standard deviation) and median
(range) for the entire cohort and by mutation types.
Kruskal-Wallis test was used to compare it between
mutation types and the pairwise P values were adjusted for
multiple comparisons with Holm method. For sensitivity
analysis, the same analysis was repeated for the mean and
median ratio of each patient. All tests were two-sided with
alpha level set at 0.05 for statistical significance. R3.4.2 was
used for statistical analysis. Ethical approval of the study was
obtained by Mayo Clinic Institutional Review Board (IRB)
for this retrospective analysis. It is exempt from consent
since it is a retrospective database study.

Results

Figure 1 and Table 1 summarize the results of our study.
BRAF-V600E MSS CRC patients had a discordantly
profound elevation in CA-19-9 levels as opposed to the
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Table 1 Summary of CA19-9/CEA ratio

Kasi et al. Tumor markers ratio to predict colorectal cancer subtypes

Variable BRAF V600E MSS (N=7) MSI-High (N=6)  RAS mutant MSS (N=20)  Wild type (N=52) P value
Max ratio 0.004
Median 28.92 4.06 7.28 5.90
Range 2.76-707.27 0.46-166.74 0.08-297.04 0.02-29.00
Mean (SD) 139.77 (253.36) 31.09 (66.49) 31.27 (70.65) 5.88 (5.47)
Mean ratio 0.003
Median 21.14 3.75 7.05 4.48
Range 1.37-422.99 0.46-79.91 0.08-117.23 0.02-19.53
Mean (SD) 97.02 (149.08) 16.33 (31.22) 18.28 (33.44) 4.94 (4.25)
Median ratio 0.005
Median 26.53 3.63 7.20 4.48
Range 1.17-394.33 0.46-38.77 0.08-91.35 0.02-17.27
Mean (SD) 94.13 (138.23) 9.46 (14.50) 12.88 (20.71) 4.94 (4.15)

The table shows the maximum ratio of the tumor markers noted in addition to the medians and means for comparison. Due to the small
sample size, non-parametric statistical tests conducted with P values shown to evaluate differences in the 4 different subtypes studied
here (BRAF-V600E MSS, MSI-High, RAS-mutant and RAS/RAF-wild-type). P values arise from Kruskal-Wallis rank sum test. CA 19-9,
cancer antigen 19-9; CEA, carcinoembryonic antigen; MSI-High, microsatellite-instability high; MSS, microsatellite stable.

CEA levels. This is demonstrated in Figure 1, with BRAF-
V600E MSS patients having the widest ellipse in contrast
to the MSI-High patients having the smallest ellipse. The
box plots of CA19-9/CEA ratios demonstrated in Figure 2
clearly distinguish the patients with BRAF V600E MSS and
patients with MSI-High CRC from RAS mutant MSS and
wild type tumors. All the ratios including mean, median and
max ratios were highest in BRAF V600E MSS patients and
lowest in MSI-High patients. The preliminary results of the
study have been accepted as an abstract for ASCO 2019.
Furthermore, patients in the BRAF V600E MSS subset
had the highest CA19-9/CEA ratio among all mutation
types when maximum, mean and median ratio of each
patient were analyzed. The median of maximum CA-19-9/
CEA ratio was highest in BRAF-V600E MSS patients [28.92
(range, 2.76-707.27)] and least in the MSI-High subset
of patients [4.06 (range, 0.46-166.74)], P value of 0.004.
Similarly, the median of mean CA-19-9/CEA ratio for
BRAF V600E MSS tumors was 21.14 (range, 1.37-422.99)
versus 3.75 (range, 0.46-79.91) for MSI-High patients,
clearly distinguishing them from RAS mutant MSS and
wild type patients. The summary of CA19-9/CEA ratio
for each mutation type is shown in 7zble 1. The pairwise
comparison (Table 2) shows that, the difference in ratio
between BRAF and wild type was statistically significant in

© Journal of Gastrointestinal Oncology. All rights reserved.

all three analyses.

Discussion

The biological evolution of CRC involves multiple
molecular pathways, the most important of which are
chromosomal instability, microsatellite instability and CpG
island methylator phenotype pathways (3). Chromosomal
instability positive CRC have mutations in oncogenes
like KRAS, PIK3CA and tumor suppressor genes like
APC, TP53, SMADA4, etc. (4). Development of CRC with
inactive DNA mismatch repair system characterizes the
microsatellite instability (MSI) pathway. The third pathway,
CpG island methylator phenotype pathway occurs due to
hypermethylation of CpG sequences with BRAF oncogene
as the driver mutation (3).

BRAF V600E positive CRCs account for only 5-8% of
CRC, but have a very poor prognosis, especially in BRAF
V600E microsatellite stable (MSS) patients (5-9). Recently
targeted therapy approaches utilizing anti-EGFR alongside
BRAF-inhibitors are now included in the guidelines for after
failure of first line therapy. Therefore, prompt identification
of BRAF V600E MSS tumors plays an important role in the
course of disease in these patients. National Comprehensive
Cancer Network (NCCN) recommends that all patients
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Figure 2 Boxplots for all data points, mean, median and max ratio for each patient. The ratios are of the CA-19-9/CEA. As noted, the 4
different subtypes studied here (BRAF-V600E MSS, MSI-High, RAS-mutant and RAS/RAF-wild-type have all boxplots that are relatively
distinct. Due to the small sample size, the most distinct characterization and clinical utility is that of BRAF-V600E mutant MSS, and MSI-
High tumors. Note: Ratios greater than 200 were not included in these plots. CA 19-9, cancer antigen 19-9; CEA, carcinoembryonic
antigen; MSI-High, microsatellite-instability high; MSS, microsatellite stable.

Table 2 Pairwise comparisons of CA19-9/CEA ratio

Comparison Max ratio P value Mean ratio P value Median ratio P value
BRAF V600E MSS vs. MSI-High 0.41 0.22 0.29

BRAF V600E MSS vs. RAS mutant MSS 0.18 0.13 0.067

BRAF V600E MSS vs. wild type 0.004 0.004 0.005
MSI-High vs. RAS mutant MSS 0.77 1.00 1.00
MSI-High vs. wild type 0.95 1.00 1.00

RAS Mutant MSS vs. wild type 0.27 0.19 0.29

We used Wilcoxon rank sum test with holm adjustments to evaluate pairwise differences between the 4 different subtypes studied here
(BRAF-V600E MSS, MSI-High, RAS-mutant and RAS/RAF-wild-type). Due to the relatively small sample size, a lot of the comparisons are
not statistically significant except for the entity of BRAF-V600E mutant MSS with extremely high CA-19-9/CEA ratios. P values arise from
Wilcoxon rank sum test with holm adjustments. CA 19-9, cancer antigen 19-9; CEA, carcinoembryonic antigen; MSI-High, microsatellite-
instability high; MSS, microsatellite stable.
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with metastatic CRC should get mutational testing of the
tumor for BRAF mutations (10).

On the other hand, various studies have shown that
patients with MSI-High CRC do not respond as well to the
standard chemotherapy regimens, but benefit tremendously
from immune check point inhibitor therapy (2,11,12). MSI
testing or mismatch repair (MMR) testing has been the
standard method for detecting microsatellite instability in
CRC patients.

Traditionally, other than mutational analysis,
immunohistochemistry testing and/or next-generation
sequencing, there is no accurate way of identifying these
patients. Delays occur due to unavailability or inadequacy
of tissue for genetic testing requiring repeat biopsies.
Additionally, while this is standard recommended practice,
mutational testing is still not available or affordable in all
parts of the world.

Carbohydrate antigen 19-9 (CA19-9) and CEA are two
important tumor markers which are routinely used in GI
malignancies. While CEA is usually the main tumor marker
utilized in CRC, CA-19-9 also is of value and was actually
initially developed in CRC cell lines. Elevated levels of
CEA and CA19-9 are associated with advanced colorectal
neoplasia and CRC (13). A study by Zhang ez 4l. elaborated
the importance of using combination of both CEA and
CA19-9 in improving the sensitivity of diagnosing CRC
rather than using the tumor markers alone (14). Several
studies have elaborated the importance of serum CA19-9
and CEA as prognostic markers for patients with metastatic
CRC (15,16). CA-19-9 repeatedly is associated with worse
prognosis.

Our study innovatively describes the importance of the
ratio of CA19-9/CEA in identifying patients with BRAF
V600E MSS and MSI-High CRC. The results were
intriguing with the ratio being bizarrely high in BRAF
V600E MSS patients and lowest in MSI-High patients,
thus differentiating them from other subset of patients
with RAS MSS and wild type tumors. The ratio of CA19-
9/CEA therefore helps analyze and predict the mutational
status of CRC patients, much prior to the availability
of results of molecular analysis of the tissue sample. In
the clinical setting, it can take up to 10-14 days for the
results of molecular testing, whereas for tumor markers
like CA19-9 and CEA, the results are available within a
few hours. Having the first line BRAF-V600E mutant
clinical trials, early identification of these patients would
be the key. Furthermore, even in the absence of clinical
trials, patients with BRAF-V600E metastatic CRC with
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good performance status require triplet chemotherapy
regimen with or without an anti-vascular endothelial
growth factor (VEGF) agent like bevacizumab. Without
the results of molecular testing, often these patients may
be started on a doublet chemotherapy with or without an
anti-VEGF from which they would not derive benefit.
Thus, our study lays the foundation for using two simple
lab tests to predict the mutational type of patients with
CRCs. As noted earlier, if validated by a larger study,
it could be particularly of value in parts of the world
where still mutational testing is either not available or

affordable.

Limitations

Limitations of our study are the relatively small sample size
and the retrospective nature of the study. Despite these,
given the significant differences observed, our study is more
than hypothesis generating.

Conclusions

To date, this is the first report utilizing the ratio of tumor
markers CA-19-9/CEA as predictive rather than just
prognostic markers. It clearly identifies BRAF-V600E
MSS and the MSI-High CRC patients from other subsets,
with BRAF-V600E MSS subset having the highest ratio
of CA19-9/CEA versus MSI-High CRC patients having
the lowest ratio. In conclusion, our data supports the
predictive role of ratio of CA19-9 and CEA (CA19-9/CEA)
in differentiating BRAF-V600E MSS as well as MSI-High
CRC patients. This could be particularly of value in parts
of the world where still mutational testing is either not
available or affordable.
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