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Clinically aggressive early-onset pancreatic ductal
adenocarcinoma with KRAS wild-type status: A case report

MARIA E. AVENDANO', CRISTOPHER SAN MARTIN ABELLO', FERNAN GOMEZ-VALENZUELA !,
IAN SILVA!, IGNACIO N. RETAMAL', BENJAMIN GARCIA-BLOJ', TOMAS DE MAYO GLASER',
MATIAS MUNOZ-MEDEL!, ALEX GOMEZ!, CAROLINA SANCHEZ', FELIPE PINTO',
PAOLA ARAVENA', ANDREA C. SABIONCELLO'?, MARCELO GARRIDO VILLANUEVA ',
FERNANDO SIGLER CHAVEZ', IGNACIO CORVALAN', HENRY BARRIOS'#, MAURICIO A. SAEZ>,
JOSE M. ERPEL', PATRICIO A. MANQUE'®, JUVENAL A. RIOS’, JUAN A. GODOY'! and MARCELO GARRIDO'

lPrecision Oncology Center, Universidad Mayor, Santiago 7550000, Chile; 2Faculty of Medicine, Universidad de los Andes,
Santiago 7620001, Chile; 3Faculty of Medicine, Universidad del Desarrollo, Santiago 7610615, Chile; *INDISA Clinic, Santiago 7520440,

Chile; SPrecision Health Research Laboratory, Department of Diagnostic Processes and Evaluation, Faculty of Health Sciences,

Catholic University of Temuco, Temuco 4810399, Chile; 6Center of Genomics and Bioinformatics, Faculty of Science, Universidad Mayor,
Santiago 8580745, Chile; "ICR Research, National Cancer Institute (INCANCER), Santiago 8380455, Chile

Received April 10,2025; Accepted February 6, 2026

DOI: 10.3892/br.2026.2128

Abstract. Pancreatic ductal adenocarcinoma (PDAC) repre-
sents one of the most lethal and challenging gastrointestinal
(GI) malignancies. Predominant driver mutations for this
cancer include KRAS, which is present in >90% of cases,
alongside inactivating mutations in various tumor suppressor
genes, such as CDKN2A, TP53 and SMADA4. The present case
report explores a case of early onset pancreatic cancer in a
45-year-old patient with cancer antigen 19-9 (CA 19-9) levels
within the minimal range, a finding typically associated with
advanced disease. Specifically, the tumor exhibited an atypical
somatic molecular profile, characterized by mutations in the
ERBB2, MSH3, MUCI/MUCI6 genes and the absence of
KRAS mutations (KRAS wild type), which is an uncommon
occurrence in PDAC. The presence of liver metastases and
vascular invasion at diagnosis, coupled with the lack of
response to standard FOLFIRINOX treatment, underscored
the aggressiveness of the disease and highlighted the need
to explore novel targeted therapies. The patient underwent
surgery and has maintained a favorable response to date.
This case of PDAC in a relatively young patient underscored
a distinctive molecular profile that especially lacked KRAS
mutations whilst featuring alterations in ERBB2, MSH3 and
MUCI/MUCI6, potentially indicating a unique subgroup
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with unique biological and treatment responses. Additionally,
CA19-9 levels within the minimal range suggest the need to
identify alternative novel biomarkers with adequate sensitivity
and specificity. This is because in >80% PDAC cases with
stage II disease and beyond, CA-19-9 levels are elevated. The
rarity of the present case, combined with the rapid progres-
sion despite FOLFIRINOX treatment, suggests that additional
human epidermal growth factor receptor 2-targeted therapies
may be necessary during disease progression.

Introduction

Pancreatic ductal adenocarcinoma (PDAC) is one of the
most lethal and challenging malignancies, with rising inci-
dence and mortality rates. According to the Global Cancer
Observatory (GLOBOCAN) in 2022, pancreatic cancer was
ranked 12th in terms of global incidence and 6th in terms
of cancer-related mortality. Geographically, 45.5% cases
were reported in Asia, followed by Europe (28.7%), North
America (13.1%), Latin America and the Caribbean (8%),
Africa (3.7%) and Oceania (0.95%) (1). GLOBOCAN projects
that pancreatic cancer will become the second leading cause
of cancer-related mortality in the United States by 2025 (2).
In Chile, pancreatic cancer accounted for 5% cancer-related
mortality in 2012, increasing to 5.6% in 2018, making it is the
seventh leading cause of cancer-related mortality (3). Despite
significant advances in cancer research, PDAC still has a
5-year survival rate of only ~10% (4,5). PDAC is the most
prevalent histological type of pancreatic cancer, accounting
for >90% of cases. Other types include cystadenocarcinoma,
acinar cell carcinoma and neuroendocrine tumors (6).
According to age at diagnosis, pancreatic cancer is stratified
into early-onset pancreatic cancer (EOPC), defined as diag-
nosis before 50 years of age, and late-onset pancreatic cancer
(LOPC), diagnosed at 50 years of age or older (7). Advances
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in understanding the molecular basis of PDAC and the devel-
opment of targeted therapies have provided new therapeutic
hope (7-9). On molecular level, PDAC is caused by either
inherited (germline) or acquired (somatic) mutations. PDAC
is primarily driven by four genes, namely KRAS, CDKN2A
(p16), TP53 and SMAD4. The most frequently mutated gene
is KRAS, a member of the RAS family of small GTPases
that plays a role in early carcinogenesis (10). Additionally,
CDKNZ2A, a tumor suppressor gene responsible for regulating
the cell cycle, has been found to be inactivated in ~95% of
cases, thereby accelerating cell cycle progression. Similarly,
TP53 has been shown to be mutated in 50-75% tumors, causing
it to lose the ability to repair DNA damage and facilitate
the proliferation of damaged cells. Furthermore, 50% cases
involve the inactivation of SMAD4, leading to alterations
in cell cycle regulation, constitutive activation of signaling
pathways and uncontrolled cell proliferation (9,10). The
present case of PDAC represents an early-onset presentation
with a distinctive molecular profile, notably characterized by
the absence of KRAS mutations.

Case report

A 45-year-old male with no significant medical history
presented to Indisa Clinic in Santiago, Chile, in October 2024
with persistent epigastric pain and mild jaundice. Physical
examination revealed a palpable mass in the epigastric
region with no other notable findings. Upper gastrointestinal
endoscopy revealed an infiltrating duodenal lesion and
biopsy-confirmed infiltrative adenocarcinoma. Laboratory
results (Table I) indicated several genomic abnormalities
consistent with those observed in advanced pancreatic
cancer. Mild anemia is a common finding in patients with
cancer and was observed in this patient. Elevated total and
direct bilirubin levels, along with progressively increasing
alkaline phosphatase and high y-glutamyl transferase levels,
strongly suggest hepatic dysfunction, likely secondary to
bile duct obstruction. A low albumin level was also noted,
potentially reflecting malnutrition or further liver involve-
ment. Lactate dehydrogenase (LDH) levels were within
normal limits. Additionally, mild hyperglycemia was
present, possibly associated with altered cancer metabolism.
Some laboratory parameters were found to be within normal
limits (Table SI).

An endoscopic ultrasound-guided biopsy was performed.
Histological examination using H&E (Sigma-Aldrich; Merck
KGaA) was performed. Tissue specimens were fixed in 10%
neutral buffered formalin at room temperature for 24-48 h,
followed by routine processing and paraffin embedding.
Paraffin sections were cut manually to a thickness of 4 ym and
mounted on glass slides. Staining was performed manually
using commercially available reagents (Sigma-Aldrich; Merck
KGaA) according to the manufacturer's instructions. Staining
was performed using hematoxylin for ~5 min and eosin for
1-2 min, both carried out at room temperature. Histological
assessment was performed using light microscopy. Staining
revealed fibroconnective tissue exhibiting a desmoplastic
reaction and a chronic non-specific inflammatory response
infiltrated by isolated clusters of epithelial neoplastic malig-
nant cells. No normal glandular pancreatic structures were

observed (Fig. 1A). At higher magnification, another fragment
of fibroconnective tissue was noted, infiltrated by isolated
neoplastic malignant epithelial cells containing mucin-filled
vacuoles (upper right), alongside atypical glandular epithelium
displaying architectural disarray and high-grade nuclear and
cytological atypia (upper left and central). These findings are
consistent with high-grade dysplasia, potentially indicative
of pancreatic intraepithelial neoplasia, PanIN 3 (high-grade;
Fig. 1B).

Radiological assessments indicated that the lesion in the
initial portion of the duodenum lacked a discernible division
plane, resulting in dilation of the central pancreatic duct and
mild tail atrophy. Vascular structures, including the celiac
trunk and superior mesenteric artery, appeared to maintain a
division plane with the neoplasm (Fig. 2A). PET-CT revealed
three focal hypodense liver lesions in segments VI, I'Va,
and II, all without metabolic activity (Fig. 2A). One lesion
was suspicious for metastasis on PET-CT (Fig. 2B, dotted
circle) and was subsequently confirmed on MRI, which
demonstrated ring-like enhancement following gadolinium
administration on ADC-weighted imaging (Fig. 2C, dotted
circle). Several focal hepatic lesions with a non-suspicious
appearance, such as hemangiomas, were also noted (Fig. 3).
A mass was identified in the head of the pancreas (Fig. 3A,
dashed circles), exhibiting perivascular invasion that
compromised the superior mesenteric artery, inferior vena
cava and abdominal aorta (Fig. 3C, dotted circle). The lesion
appeared hyperintense on T2-weighted images (Fig. 3A-C,
circles). Dixon-weighted sequence post-gadolinium admin-
istration demonstrated heterogeneous enhancement, which
was highly suggestive of an aggressive neoplastic process
(Fig. 3D, dashed circle). The out-of-phase image from the dual
fast-field echo sequence displayed a heterogeneous signal
intensity, indicating a hemorrhagic component and/or associ-
ated vascular changes (Fig. 3E, dashed circle). Furthermore,
restricted diffusion of water molecules was observed on
high-value diffusion-weighted imaging, supporting this
diagnosis (Fig. 3F, dashed circle). Collectively, these imaging
findings confirmed the diagnosis of an unresectable PDAC
(T4ANOMI; Grade 1V).

Genomic analysis was performed by BGI on circu-
lating tumor DNA (ctDNA) using the Sentis™ Cancer +
Discovery panel, a targeted 816-gene NGS assay on the
DNBSEQ-G400/T7 platform with high sequencing depth
(=2700X). Sequencing and library preparation were performed
according to the manufacturer's protocols, and variants were
interpreted using the BGI Shizhen Database, which provides
guidance on targeted therapy, chemotherapy, immunotherapy,
and hereditary tumor risk assessment. KRAS mutations were
not detected, but multiple variants of uncertain significance
(VUS) were detected in the following genes: MSH3 (1.92%);
MUCI (1.56%), CHDI (0.51%), ZC3H7B (0.24%), MUCI16
(0.16%), ERBB2 (0.14%) and AFDN (0.12%). Furthermore,
it revealed low microsatellite stability (MSI-L/MSS) and
low tumor mutational burden (bTMB: 1.26 Muts/Mb). No
pathogenic germline mutations were identified in this patient
(Table I).

Given the advanced stage and initially unresectable nature
of the disease, first-line systemic therapy with eight cycles of
FOLFIRINOX was initiated, resulting in disease stabilization
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Table I. Variants of uncertain significance in a patient with early-onset of ductal pancreatic adenocarcinoma: A genomic molecular
study.

Frequency Level of
Gene Result Region Transcript (%) mutation
MSH3 p-A57_A62del (c.162_179del) EX1 NM_002439.5 1.92 Tier I11
MUCI1 p.P143Q (c.428C>A) EX2 NM_001371720.1 1.56 Tier I11
CHDI1 p.S1687F (c.5060C>T) EX36E NM_001270.4 0.51 Tier 111
ZC3H7B p-T833M (c.2498 C>T) EX21 NM_017590.6 0.24 Tier IIT
MUCI16 p-S2342L1 (c.7025C>T) EX1 NM_024690.2 0.16 Tier III
ERBB2 p-S413L (c.1238C>T) EX11 NM_004448 4 0.14 Tier III
AFDN p.E838K (c.2512G>A) EX19 NM_001386888.1 0.1% Tier I11

Figure 1. Representative photomicrographs of the pancreatic lesion submitted for histopathological analysis. The sample was obtained by endoscopic ultrasound
needle guided-biopsy. (A) Low-power view showing fibroconnective tissue with a desmoplastic reaction and chronic non-specific inflammatory response, infil-
trated by isolated single groups of epithelial neoplastic malignant cells. No normal pancreatic glandular structures are observed (H&E staining; magnification,
x40; scale bar, 50 yuM). (B) Higher-magnification view highlighting another fragment of fibroconnective tissue infiltrated by isolated neoplastic malignant
epithelial cells with mucin-containing vacuoles (upper right) and atypical glandular epithelium showing architectural disarrangement, high grade nuclear
and cytological atypia (upper left and center), compatible with high grade dysplasia, possibly in context of pancreatic intraepithelial neoplasia (PanIN-3, high
grade) (H&E staining; magnification x200; scale bar, 10 uM).

Figure 2. FDG PET-CT in early-onset of pancreatic ductal adenocarcinoma. (A) Imaging reveals increased FDG uptake in the pancreatic head region (dashed
circle). (B) A suspected metastatic lesion in the liver was identified (dotted circle). (C) The lesion was confirmed on MRI as a ring-like enhancement after
gadolinium administration on apparent diffusion coefficient-weighted imaging (dot-dashed circle). FDG, fluorodeoxyglucose, PET, positron emission tomog-
raphy, CT, computed tomography.

without radiological disease progression. Nevertheless, the = management. As the disease progresses, these findings support
rarity of this presentation and the limited clinical benefit  the need to explore additional therapeutic strategies, including
observed with chemotherapy alone led to a reassessment of the =~ human epidermal growth factor receptor 2 (HER2)-targeted
therapeutic approach, resulting in a reconsideration of surgical ~ approaches.
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Figure 3. Abdominal MRI of early-onset of ductal pancreatic adenocarcinoma. (A) A lesion is visible in the pancreatic head (dashed circles), demonstrating
signs of perivascular invasion. (A-C) The mass appears hyperintense on T2-weighted images. (D) A Dixon-weighted sequence with gadolinium contrast
reveals heterogeneous enhancement. (E) The out-of-phase image from the dual fast-field echo sequence shows heterogeneous signal intensity, suggestive
of a hemorrhagic component. (F) Vascular involvement is evident along with restricted diffusion of water molecules on high-b-value DWI, consistent with
malignancy. MRI, magnetic resonance imaging; DWI, diffusion-weighted imaging.

Discussion

PDAC is characterized by KRAS mutations, which exhibit a
high frequency of constitutive activation in 90% of cases. The
patient in this case report presented with advanced clinical
progression of pancreatic cancer, marked by obstructive jaun-
dice and abdominal pain radiating to the back. Among these
symptoms, abdominal pain tends to be the most prevalent,
occurring in 79% of cases (10). Physical examination typically
reveals a palpable epigastric mass in only 9% of cases (11).
Obstructive jaundice results from common bile duct obstruc-
tion caused by a mass in the pancreatic head (12). These
findings indicated an advanced stage of pancreatic cancer with
hepatic and systemic involvement, consistent with the PET-CT
results showing three hypodense focal lesions in liver segments
VI, IVa and II (=9 mm) without increased metabolic activity.
Given the diagnostic and prognostic significance of tumor
markers in pancreatic cancer, CA19-9 is the most widely used
biomarker in clinical practice. In symptomatic patients, levels
>37 U/ml demonstrate a sensitivity of 79-80% and specificity of
82-90%, whilst values >100 U/ml reach a specificity of 98% (13).
However, its utility as a screening tool in the general popula-
tion is limited, with a positive predictive value of only 0.9%.
Additionally, ~10% of the population lacks the Lewis blood
group antigen, which is required for CA19-9 production, leading
to reduced sensitivity (14,15). Although CA19-9 is not specific for
the initial diagnosis, it can also be elevated in other malignan-
cies, including biliary, gastric, colorectal, liver and lung cancers.
Instead, its primary value lies in disease monitoring, treatment
response assessment and recurrence detection. In the present
case, the CA19-9 level was recorded at 1 U/ml, which is an unusu-
ally low value for symptomatic, unresectable and metastatic

pancreatic adenocarcinoma. MicroRNAs (miR) detected in
blood, such as miR-21, miR-155, miR-196a and miR-200c, have
shown significant diagnostic and prognostic potential in PDAC
and can be incorporated as complementary biomarkers (16).

To further investigate the molecular profile of the tumor and
advance the diagnostic workup, liquid biopsy was performed.
The analysis identified seven mutations of uncertain signifi-
cance. Notably, the KRAS oncogene was not detected, which
was an atypical finding, since invasive ductal adenocarcinomas
exhibit the highest frequency of KRAS alterations, with consti-
tutive activation in ~90% of the cases. In the absence of KRAS
mutations, further liquid biopsy analysis identified seven VUS.
One such VUS was the MUCI gene, in which the amino acid
proline, encoded by codon 143 exon 2, is substituted by gluta-
mine. MUCI encodes mucin 1, a component of mucus that
lubricates and protects various body surfaces, including the
respiratory, digestive and reproductive tracts (17). This gene is
expressed in nearly all pancreaticobiliary and invasive PDACs.
In tumor contexts, MUCI protein expression is predominantly
localized to the luminal membrane of duct-forming regions
but may also be detected in the cytoplasm of poorly differ-
entiated areas, a pattern associated with increased tumor
aggressiveness (18,19). MUC1 homodimers interact with
HER?2 to facilitate constitutive activation. Furthermore, they
may stabilize HER2-HER3 and HER2-EGFR heterodimers,
thereby extending downstream signaling, even in the absence
of ligand stimulation, likely by enhancing the stability of these
receptor complexes (20). The Cancer Genome Atlas reports
that MUC1 mutations are present in ~0.56% pancreatic adeno-
carcinoma cases, underscoring the low frequency of this gene
mutation in this malignancy. It is also well known that the
frequency of HERBB2 overexpression in PDAC is low (21). In
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a previous study of 37,864 cases, 2,072 (5.47%) were identified
as pancreatic adenocarcinomas, of which 2.7% tested positive
for HER2. Mutations in ERBB2 have been reported in 1.8%
of various cancers according to analyses of 7,300 solid tumor
samples, with the highest prevalence observed in breast, lung,
ovarian, and colon cancers (22,23).

In the present case, the S413L mutation (c.1238C>T) was
identified in exon 11 of ERBB2, resulting in a serine-to-leucine
substitution due to a single nucleotide change. This variant
is classified as a VUS according to the American College of
Medical Genetics and Genomics criteria as implemented by
Franklin (https:/franklin.genoox.com/) (24). Although it meets
some pathogenic indicators, such as PM2 (absence in healthy
populations, extremely low frequency) and PP2 (high preva-
lence of pathogenic missense variants in ERBB2), there is no
conclusive evidence that it is a pathogenic mutation. Notably, to
the best of our knowledge, this mutation has not been previously
reported in PDAC and refractory metastatic breast cancer (25).

Consequently, therapeutic decisions should not be based
on this variant as there is no substantial evidence supporting
its pathogenicity or functional role in pancreatic cancer.
Future investigations into its relevance to tumor biology
and its association with targeted therapies could enhance its
clinical significance. Translational research and precision
medicine will be crucial to determine its potential as a future
biomarker. Notably, no mutations were identified in the four
most frequently described genes involved in PDAC tumori-
genesis, which may indicate the involvement of an alternative,
non-canonical molecular pathway in this context.

In conclusion, the present case report of an early onset
PDAC with atypical mutations and the absence of the four
central driver genes highlight an uncommon molecular profile.
The lack of mutations in KRAS, TP53, CDKN2A and SMAD4,
together with the presence of mutations in ERBB2 S413L,
MSH3 and MUCI/MUCI6, suggests a non-canonical onco-
genic pathway driving tumor progression independently of the
currently known classical PDAC mechanisms. In the present
case, the exceptionally low levels of CA19-9, despite metastatic
disease, highlights known limitations of this biomarker and
suggests that alternative or complementary biomarkers may
be needed in selecting patient subsets. Furthermore, the pres-
ence of multiple VUS, the lack of reported cases with the same
mutations in other pancreatic cancer reports, poor response to
FOLFIRINOX and the rapid clinical progression highlight the
urgency of exploring targeted therapies and reinforce the value
of precision medicine in advanced PDAC.
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