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Mutations of the CEACAMS Gene PELPK Motif in
Patients With Appendiceal or Colorectal Adenocarcinoma
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Abstract. Background/Aim: The study examines whether
DNA level mutations in the carcinoembryonic antigen-related
cell adhesion molecule 5 (CEACAMS) gene Pro-Glu-Leu-Pro-
Lys (PELPK) motif differ between patients with appendiceal
or colorectal adenocarcinoma. Significant differences between
these two groups in correlation with development of
metachronous liver metastases could help in the development
of targeted therapies and preventative treatment approaches.
Patients and Methods: This retrospective comparative trial
analysed 18 patients, 9 with appendiceal adenocarcinoma and
9 with colorectal adenocarcinoma. Genetic sequencing was
conducted to detect mutations in the CEACAM5 gene PELPK
motif. Data collection spanned from 2016 to 2022, with
analysis completed in 2024 at a single tertiary care referral
centre, where all participants underwent cytoreductive surgery
with hyperthermic intraperitoneal chemotherapy. Results: No
DNA mutations were detected in the CEACAMS5 gene PELPK
motif in either the study groups. Despite this, significant (but
not unexpected) differences were observed between the two
groups regarding operative time, peritoneal cancer index, and
length of hospital stay (p=0.031, 0.001, and 0.005,
respectively). Patients with colorectal adenocarcinoma also
had significantly more synchronous liver metastases present
at time of their peritonectomies (p=0.029). Conclusion: The
absence of DNA level mutations in the CEACAMS5 gene
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PELPK motif underscores the need for further research at the
mRNA and protein levels to better understand the biological
distinctions between these two groups. Future studies should
focus on exploring alternative molecular pathways that may
contribute to the differing clinical profiles of appendiceal and
colorectal adenocarcinoma patients.

Recent findings published in an editorial Letter to the British
Journal of Surgery propose a novel hypothesis to explain the
disparity in liver metastases between appendiceal (AA) and
colorectal adenocarcinoma (CA) (1). The hypothesis suggests
that in appendiceal cancer, as the disease progresses,
mechanical changes cause carcino-embryonic antigen (CEA)
to bypass the portal vein, instead rerouting via the parietal
peritoneum to the inferior vena cava. This diverges from the
pathway described by Lee and Lee, where CEA from colorectal
cancer enters the portal circulation, allowing binding to CEA
receptor (CEAR) in hepatic Kupffer cells, which potentially
triggers liver metastases (2). Further validation of this
hypothesis is needed, particularly by replicating the
methodology of Tabuchi er al. (3) in appendiceal cancer
patients, specifically through comparative analysis of CEA
levels in portal and peripheral venous blood. Ethics approval
is currently being pursued for this study at our institution.

An additional explanation for the difference in liver
metastasis rates between AA (2-5%) and CA (25%) could lie
in mutations within the Pro-Glu-Leu-Pro-Lys (PELPK) binding
region of the CEA glycoprotein. A study by Zimmer and
Thomas in 2001 found that mutations in the CEA of colorectal
cancer patients resulted in lower binding affinity to Kupffer cell
receptors, potentially explaining the absence of liver metastases
in these patients despite elevated serum CEA levels (4). We
propose that appendiceal cancer patients may exhibit even
higher rates of mutations in the PELPK region, potentially
accounting for the lower incidence of liver metastases despite
higher CEA levels, as noted in our earlier study.

To explore this hypothesis, archived tissue specimens were
obtained from patients who underwent primary peritonectomies
for AA or CA (n=9 per group). These specimens were
processed at the Australian Genome Research Facility (AGRF)
for gene sequencing and bioinformatics analysis to detect
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mutations in the CEACAMS gene PELPK motif. With the
primary objective being to determine whether there is a
proportional difference in the CEACAMS PELPK motif
mutations between patients with AA or CA through the
genomic sequencing analysis of bio-banked tissue specimens
collected during cytoreductive surgery (CRS).

This study sought to address the knowledge gap regarding
CEACAMS PELPK motif mutations and their association with
liver metastasis in AA and CA. By bridging this gap, there is
hope that a better understanding of the role of CEA in liver
metastasis development might prevail and ultimately there be
a contribution to the advancement of targeted immunotherapies
for CA, aiming to achieve improved patient outcomes and
5-year survival rates. Secondarily, this study also sought to
assess differences in CEA immunohistochemistry (IHC)
expression between patients with AA or CA. This study also
represents the first genetic investigation into the association
between CEACAMS PELPK motif mutations and liver
metastases rates in these distinct adenocarcinomas.

Patients and Methods

Ethical approval. This retrospective cohort study was reported in
accordance with the STREGA 2009 guidelines (5). It focused on
investigating DNA level mutations in the CEACAMS gene PELPK
motif in patients with AA or CA. Ethics approval was granted by
the South Eastern Sydney Local Health District Human Research
Ethics Committee (Approval number: 2023/PID00138) for the
retrospective use of human tissue samples and the associated
clinical data. This study adhered to the principles outlined in the
Human Tissue Act 1983, ensuring that additional consent was
obtained where necessary. All participants completed written
consent forms as per the above protocol.

Study design. This retrospective comparative cohort study aimed to
analyse DNA-level mutations in the CEACAMS gene PELPK motif
in patients diagnosed with AA or CA who underwent CRS at St
George Hospital’s Peritonectomy Unit. Two cohorts, comprising
patients with AA or CA, were compared in terms of their genetic
profiles from bio-banked tumour tissue samples. Based on prior
studies and statistical power calculations, a minimum of 6 patients
per cohort was required, with an expected total of 20 eligible
participants recruited over a six-year period from a single centre, St
George Hospital, in Kogarah, Sydney, New South Wales, Australia.
The study took place at a single site — St George Hospital, Sydney.
Tissue samples were procured from the hospital’s biobank and
analysed at the AGRF. Recruitment of archived tissue from eligible
participants occurred over a six-year period. Patients with
histologically confirmed AA or CA who underwent CRS and had
bio-banked tissue samples available for genomic sequencing were
included. Meanwhile, patients with incomplete clinical records,
insufficient bio-banked tissue, or lack of consent for further
genomic analysis were excluded.

Methods for follow-up. Patients were followed up for a total of five
years post-CRS or until their death. Follow-up assessments included
clinical reviews, radiological imaging, and laboratory tests to monitor
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for recurrence or metastasis, particularly focusing on metachronous
liver metastases. Follow-up intervals were scheduled at three, six-,
and twelve-months post-operation, and then annually for five years.
Clinical data, including survival status, recurrence, and any new
metastases, were recorded during each follow-up visit. Patients who
did not complete the full five-year follow-up due to early death had
their data censored at the time of their last assessment.

Variables. The main outcome variable was the categorical presence
of mutations in the CEACAMS5 gene PELPK motif. The secondary
variables included IHC expression of CEA in tumour tissues from
both cohorts. Potential confounders such as patient demographics
(age, sex, comorbidities) and tumour characteristics (e.g., grade,
stage) were considered.

DNA extraction and sequencing. Tissue samples were retrieved from
bio-banked specimens, and genomic DNA were extracted following
standard protocols. Sequencing was performed at the AGRF using
high-throughput sequencing platforms to assess mutations in the
CEACAMS gene PELPK motif. Genotyping followed standardised
allele calling algorithms, and sequencing quality was monitored by
calculating error rates and call rates.

Immunohistochemistry (IHC). IHC was conducted to compare CEA
expression levels across both groups using established protocols.
CEA rabbit polyclonal antibody (Catalog Number: 236A-1; Sigma-
Aldrich, St. Louis, MO, USA) were used in routinely processed,
neutral-buffered formalin-fixed paraffin-embedded (FFPE) human
colonic tissue section tissues (7, 8). Tissue sections were
approximately 4 pum in thickness and placed on positively charged
slides. Deparaffinised tissues were pre-treated with heat-induced
epitope retrieval. Staining intensity and distribution were manually
qualitatively assessed and interpreted using light microscopy by a
licensed pathologist experienced in IHC procedures.

Statistical analysis. The study size of 18 participants (9 AA, 9 CA)
were determined based on prior statistical calculations and were
designed to ensure adequate power to detect differences in mutation
rates and CEA expression. A two-sample independent design were
used based on the Tabuchi et al. (3) study, with an enrolment ratio of
1:1, alpha set to 0.05, and power at 90%, the total estimated sample
size required is six patients per group. Mutation proportions in the
CEACAMS5 PELPK motif were compared between the AA and CA
groups using the N-1 Chi-squared test. Descriptive statistics
[meantstandard deviation (SD) or median and interquartile range
(IQR), depending on distribution] were used for demographic and
clinical data (6). Multivariate logistic regression models were
controlled for potential confounders. Statistical significance was set
at p<0.05. No patients were lost to follow-up. Variables where greater
than 20% of the data were missing were excluded from any further
multivariate logistic regression model analyses. CEA levels and
mutation frequencies were treated as continuous variables, while
categorical variables such as the presence or absence of mutations
were analysed using appropriate statistical tests (N-1 chi-squared).
Subgroup analyses were conducted based on CEA expression
levels and the use of HIPEC during surgery. Interactions between
variables such as CEACAMS PELPK mutation status and clinical
outcomes (e.g., development of liver metastases) were also
explored. No sensitivity analyses were required as missing data was
handled by excluding those variables where greater than 20% of the
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data were missing from any further multivariate logistic regression
model analyses. Regarding the Hardy-Weinberg equilibrium (HWE),
the allelic distributions at the CEACAMS gene PELPK motif in
both the AA and CA cohorts were tested for HWE using a chi-
squared test. Genotypes for the CEACAMS5 PELPK motif were
inferred through high-throughput sequencing data, processed using
standard genotype-calling algorithms from the AGRF. Haplotypes
were reconstructed using the PHASE software (Version: 2.1.1,
Stephens Lab, Chicago, IL, USA) (9, 10). Variant-calling filters
were applied to minimise genotyping errors and ensure the
reliability of inferred haplotypes. Principal component analysis on
the genotype data were used to detect genetic substructure within
the study population. The Bonferroni correction was applied for
conservative significance estimation, and the Benjamini-Hochberg
procedure was used to control the false discovery rate. Relatedness
among participants was evaluated using KING software (Version:
2.3.1, Wei-Min Chen, Charlottesville, VA, USA), which calculates
pairwise kinship coefficients (11).

Efforts to minimise bias included strict adherence to standardised
tissue handling protocols and consistent laboratory methods for
DNA extraction and sequencing. Potential biases due to
pharmacotherapy, particularly the use of HIPEC during CRS, were
controlled for through subgroup analyses.

Results

A total of 686 potentially eligible patients who underwent
peritonectomy since January 1996 were examined for
eligibility from a prospectively collated database. Of these,
nineteen patients met the eligibility criteria, however, due to
lack of provision of consent by one of the patient’s next-of-
kin, only eighteen patients were included in the study and
analysed. All eighteen patients had their primary tumour
specimens successfully complete DNA extraction, quality
control, and library preparation for next-generation
sequencing. Twelve have completed their follow-up (i.e.,
either five years post-index operation or until their demise),
while the remaining six patients are still under routine clinical
and radiological follow-up. Of the above twelve, five had
completed their five years of follow-up (three of those with
CA and two of those with AA), with a further seven patients
(two with CA and five with AA) having passed away.

The study included nine patients with CA, and nine
patients with AA. The median age of patients with CA were
49 years (IQR=45-57), while the median age of patients with
AA was 58 years (IQR=40-69; p=0.43). Six males and three
females formed part of both the CA and AA groups,
respectively. Missing data were noted from patient’s alpha-
fetoprotein (n=9; six with CA and three with AA; NB: this
was not tested for on their screening pre-operative bloods).
Four (44%) patients with CA had synchronous liver
metastases at the time of their index operation. However, no
patients developed metachronous liver metastases during
their follow-up time, thus far. One patient with CA did
develop a metachronous lung metastasis during their follow-
up time. Two (22%) patients with CA (mean time to death:
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data not available) and five (56%) patients with AA (mean
time to death: 13.3+5.4 months) died during their follow-up.
Baseline characteristics and other detailed outcome data,
including survival rates and recurrence patterns, co-
morbidities, tumour characteristics, and pre-operative blood
results are provided in Table I.

No variations from the reference DNA were detected in
the CEACAMS gene responsible for the PELPK binding
motif in any of the 18 patients, however, IHC analysis for
CEA in the primary tumour tissue specimens was positive in
all 18 patients (Table II). Close familial relationships were
not identified, and sensitivity analyses confirm results were
not biased by related individuals.

Discussion

This study is the first to investigate potential genetic
differences in the CEACAMS gene PELPK motif between
patients with AA and CA and builds off our institution’s
previous research in this field (12, 13). The main finding being
that no mutations were detected in this gene region across both
patient groups. Despite differences in clinical outcomes,
including the incidence of liver metastases, this suggests that
the PELPK motif is highly conserved at the DNA level in
these cancers. However, IHC analysis confirmed the presence
of CEA expression across both CA and AA groups, indicating
CEA expression despite the absence of genetic mutations in
the PELPK motif, reinforcing the role of CEA in tumour
biology but suggesting that factors other than PELPK motif
mutations might drive metastatic patterns in these cancers.

The strengths of this novel study reigns through as it is the
first of its kind to compare the proportions of genetic
mutations in the CEACAMS gene in the region responsible
for the PELPK binding motif for the CEA receptor between
patients with CCA and AA. The primary limitation of this
study is the small sample size, with only eighteen patients
enrolled. While this cohort is reflective of a rare cancer
population, larger studies are needed to confirm these
findings. Despite this limitation, the findings provide insight
into the molecular landscape of CEA expression in these
cancers, supporting the hypothesis that mechanisms other
than PELPK motif mutations may contribute to the observed
differences in metastatic behaviour between AA and CA. The
authors also believe that similar findings would have been
encountered even if more patients had been enrolled. No
significant sources of bias were identified, and all genotyping
was performed under stringent quality controls.

Our results are consistent with prior studies that have found
limited mutational variability in the CEACAMS gene among
colorectal cancer patients. For instance, Zimmer and Thomas in
2001 similarly found minimal variation in CEA genes in
patients with CA with elevated CEA levels (4). The absence of
mutations in our study suggests that post-transcriptional or post-
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Table 1. Baseline characteristics of the patient cohort.

Comparative factors Patients with colorectal Patients with appendiceal p-Value
adenocarcinoma (n=9) adenocarcinoma (n=9)
Demographics
Age (years) 49 (IQR=45-57) 58 (IQR=40-69) 043
Sex (M:F) 6:3 6:3 1.0
Pre-operative bloods
C-reactive protein 24 (IQR=1.0-95) 13 (IQR=5.5-64) 0.89
Alpha-fetoprotein® 1.5 (IQR=1.0-2.0) 2.0 (IQR=n/a) n/a
Cancer-antigen 125 16 (IQR=11-30) 115 (IQR=22-217) 0.055
Cancer antigen 19.9 25 (IQR=15-65) 34 (IQR=16-165) 0.51
Pre-operative carcinoembryonic antigen (CEA) 12 (IQR=7.0-34) 22 (IQR=4.5-84) 0.79
n % n %
Elevated pre-operative CEA 8 89 7 78 0.54
Operative data
American society of anaesthesiologists (ASA) score 3 (IQR=3-4) 3 (IQR=3-3) 0.33
Operating time (hours) 7.5 (IQR=5.3-8.7) 9.7 (IQR=8.1-12) 0.031~
Peritoneal cancer index (PCI) 4 (IQR=2-5) 31 (IQR=17-38) 0.0017
Completeness of cytoreduction score 0 (IQR=0-0) 0 (IQR=0-1) 0.25
Pre-operative CEA to PCI ratio 3.7 IQR=1.2-13) 0.6 (IQR=0.2-3.0) 0.085
n % n %
Heated intraperitoneal chemotherapy 8 89 9 100 0.32
Synchronous liver metastases 4 44 0 0 0.029/
Synchronous lung metastases 0 0 0 0 n/a
Hospital stay data
Time in intensive care unit (days)* 1.8 IQR=1.2-1.9) 6.6 IQR=1.5-11) 0.15
Length of stay (days from index operation) 14 (IQR=12-20) 23 (IQR=21-41) 0.0057
Histopathological data
Total lymph nodes sampled 20 (IQR=15-33) 12 (IQR=10-14) 0.0157
Proportion of positive lymph nodes 11 (IQR=2-29) 0 (IQR=0-28) 0.54
Number of positive lymph nodes 2 (IQR=1-6) 0 (IQR=0-3) 0.31
n % n %
Differentiation
Well 0 0 1/8 12 0.30
Moderate 7 78 2/8 25 0.0344
Poor 2 22 5/8 63 0.096
Adenocarcinoma
Mucinous features 3 33 7 78 0.062
Goblet cell 0 0 2 22 0.15
Mixed 0 0 1 11 0.32
Histological grade
Low 3/8 38 1/8 19 042
Intermediate 4/8 50 2/8 25 0.32
High 1/8 12 5/8 56 0.072
Signet ring cells present 1 11 4 44 0.13
Lymphovascular invasion* 22 3/7 43 0.38
n % n %
Follow-up data
Overall mortality rate 2 22 5 56 0.16
Metachronous liver metastases 0 0 0 0 n/a
Metachronous lung metastases 1 11 0 0 0.32

IQR: Inter-quartile range; n/a: not available. *Incomplete data (>20% missing data); Astatistically significant (p<0.05).
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Table II. Comparative CEACAM 5 gene PELPK motif mutations between patients with colorectal versus appendiceal adenocarcinoma.

Histopathological data Patients with colorectal Patients with appendiceal p-Value
adenocarcinoma (n=9) adenocarcinoma (n=9)
n % n %
CEA positive (immunohistochemistry) 9 100 9 100 10
PELPK mutations present 0 0 0 0 1.0
translational modifications of CEA or other microenvironmental ~ References

factors may contribute to differences in metastatic spread
between CA and AA. Additionally, as noted in studies such as
Tabuchi et al. (3) portal CEA levels may not entirely correlate
with metastatic potential, indicating the need for further
mechanistic research. Saraji et al. (14), on the other hand,
demonstrated that CEACAMS6 enhances metastasis in metastatic
prostate cancer by promoting cell proliferation, migration, and
suppressing apoptosis, suggesting CEACAMG6 as a potential
therapeutic target. Alongside Raghav et al.’s (15) findings on
the unique molecular profile of AA, our study further supports
that the CEACAM family may play varied roles in cancer
progression across different tumour types.

This study opens new avenues for future research. The
absence of mutations in the PELPK motif points to other
molecular mechanisms being responsible for the differences in
liver metastasis rates between AA and CA patients. This could
lead to the development of alternative diagnostic tests, such as
IHC assays, to identify at-risk patients for liver metastasis based
on CEA PELPK expression rather than genetic mutations.
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