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Abstract

Background: Pancreatic ductal adenocarcinoma (PDAC) is a highly aggressive malignancy with poor
prognosis, characterized by late-stage diagnosis and limited treatment options. It is currently the 3rd
leading cause of cancer-related deaths in the United States and it is projected to become the 2nd leading
cause of cancer-related deaths by 2030. Standard treatment for advanced PDAC includes chemotherapy
regimens such as FOLFIRINOX and Gemzar/Abraxane, for advanced PDAC, but its effectiveness is often
modest and accompanied by significant toxicity. Recently, immune checkpoint inhibitors, particularly
pembrolizumab, have shown promise in treating tumors with high tumor mutational burden (TMB),
which is associated with increased neoantigen presentation and immune response. However, the role of
TMB as a predictive biomarker for immunotherapy in PDAC remains under investigation.

Case Report: A 61-year-old male with a history of type 2 diabetes, hypertension, and hyperlipidemia was
. . diagnosed with locally advanced PDAC. After initial chemotherapy with FOLFIRINOX and later with
M\[ Gemzar/Abraxane, disease progression was noted. Genetic testing revealed a high TMB of 29
Received: 15/10/2025 mutations/me mega base, prompting the addition of pembrolizumab to the treatment regimen.
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w Discussion: PDAC’s aggressive nature and low survival rates highlight the need for novel treatment

PP: -40-44 strategies. While chemotherapy remains the cornerstone, immunotherapy with pembrolizumab has shown
promise, particularly in tumors with high TMB. TMB correlates with better immune responses, including
increased immune cell infiltration and upregulated T cell activity. The presence of ARID1A mutations,
which contribute to genomic instability, further enhances the immunogenicity of TMB-high tumors,
supporting the efficacy of immune checkpoint blockade. The usage of genetic markers in molding
treatment strategies alongside conventional chemotherapy can be used to improve treatment outcomes
and help guide personalized therapy.

Subsequent imaging demonstrated a reduction in tumor size while serum CA 19-9 levels decreased from
654 to 29 U/mL. The patient tolerated the combination therapy well with no significant adverse effects.

they are associated with significant toxicity and typically

Introduction provide only limited survival improvement. Genomic studies
Background have shown that KRAS mutations are present in over 90% of
Pancreatic ductal adenocarcinoma (PDAC) is a highly PDAC cases, with the most common mutations occurring at
aggressive malignancy and the third leading cause of cancer- codon 12 (KRAS G12D, G12V, and G12R) [3]. Emerging
related deaths in the United States, with projections indicating research has demonstrated that combining chemotherapy with
it will become the second leading cause by 2030 [1]. The 5- MEK inhibitors may enhance survival outcomes in PDAC
year survival rate for PDAC remains dismal at approximately patients [4].

11%, with survival for metastatic disease plummeting to
around 3%. This poor prognosis is primarily due to late-stage
diagnoses, as PDAC is often asymptomatic until it has already
metastasized, complicating effective treatment options [2].

Considering chemotherapy's limitations, there has been an
increasing interest in immunotherapy as an alternative
approach. Pembrolizumab, a PD-1 immune checkpoint
inhibitor, has shown promise in tumors with high tumor

Standard treatment for advanced PDAC includes mutational burden, including some cases of PDAC. TMB,
chemotherapy regimens such as FOLFIRINOX and which quantifies the number of mutations within a tumor's
Gemzar/Abraxane. While these therapies offer some benefit, DNA, serves as a key predictor for the response to immune
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checkpoint inhibitors [5]. Tumors with a high TMB are more
likely to express neoantigens, abnormal proteins that can be
recognized and targeted by the immune system [6].

Recent evidence suggests that even microsatellite stable
(MSS) tumors, traditionally resistant to immunotherapy, may
respond to immune checkpoint blockade when certain
biomarkers, such as high TMB, are present [7]. The FDA has
approved pembrolizumab for use in solid tumors with high
TMB (>10 mut/Mb), further validating the importance of
TMB as a predictive biomarker immunotherapy [8].
Understanding the genomic landscape of PDAC, particularly
the role of KRAS mutations, is critical in developing
personalized treatment strategies. Ongoing research into
immunotherapy highlights the potential of these biomarkers to
refine treatment approaches for PDAC patients.

Case Report

A 61-year-old male with a medical history of type 2 diabetes,
hypertension, and hyperlipidemia presented to his primary
care physician with persistent epigastric and left upper
quadrant abdominal pain lasting 2-3 months. He was initially
prescribed a proton pump inhibitor (PPI) and referred to a
gastroenterologist for further evaluation.

On May 25, 2023, a CT scan revealed an 87 mm pancreatic
mass, prompting additional investigation (Fig. 1). An
esophagogastroduodenoscopy (EGD) and biopsy performed in
June 2023 confirmed the diagnosis of pancreatic
adenocarcinoma. The patient was referred to Surgical
Oncology, where the recommendation was to proceed with
chemotherapy. A baseline PET scan was obtained in August
2023 (Fig. 2), and the patient was started on first-line
chemotherapy with FOLFIRINOX administered every two
weeks.

A follow-up CT scan in November 2023 showed a partial
response, with the pancreatic mass remaining stable. Based
on this, the chemotherapy regimen was changed to
gemcitabine (Gemzar) and nab-paclitaxel (Abraxane). In
early January 2024, a rising CA 19-9 level prompted the
addition of targeted therapy with oral MEK and BRAF
inhibitors (Cotellic 20 mg twice daily and Braftovi 75 mg
twice daily), initiated on January 15, 2024. However, due to
gastrointestinal side effects, this regimen was discontinued on
February 7, 2024.

A subsequent CT scan on February 20, 2024, showed disease
progression, leading to the resumption of FOLFIRINOX
therapy every two weeks. On April 29, 2024, CARIS blood
testing revealed a high tumor mutational burden (TMB) of 29
mutations/megabase, prompting  the  addition  of
pembrolizumab to the treatment regimen (Fig. 3). Notably,
oncogenic mutations in the KRAS gene are present in over
90% of pancreatic tumors, most commonly at codon 12
(KRAS G12D, G12V, and GI12R) [9]. However, next-
generation sequencing via CARIS confirmed the absence of
KRAS mutations, indicating that the patient is KRAS wild-
type (WT) (Fig. 4).

By August 15, 2024, the patient’s CA 19-9 level had

decreased from a peak of 654 U/mL to 80 U/mL. By October
2, 2024, levels had further declined to 29 U/mL (Fig. 5), and
imaging showed a reduction in the size of the pancreatic mass,
along with decreased periportal and retroperitoneal
lymphadenopathy (Fig. 6a, 6b). Guardant 360 Liquid Biopsy
was also sent out at this time to detect tumor mutational
burden, found to be 3.5% TMB mut/Mb (Fig 7).

As of January 29, 2025, the patient had completed eight
cycles of pembrolizumab, administered every three weeks,
with good tolerance and no significant adverse effects. His
abdominal pain had improved, and he remained under close
monitoring for disease progression. However, by April 2025,
arise in CA 19-9 levels was observed (Fig. 8), prompting the
reintroduction  of  chemotherapy alongside  ongoing
immunotherapy. The patient is currently tolerating this
combined regimen well, and his tumor marker levels have
since declined.

Discussion

PDAC remains one of the most aggressive malignancies, with
low survival rates, primarily due to the advanced stage at
diagnosis and widespread metastasis. The median survival for
PDAC patients is approximately 8.6 months, and the 5-year
survival rate is only 20% [2]. Chemotherapy, including
regimens like FOLFIRINOX and Gemzar/Abraxane, remains
the cornerstone of treatment, but these regimens often entail
significant toxicity and limited survival benefits.

Immunotherapy, particularly pembrolizumab, has emerged as
a potential treatment strategy by utilizing the body's immune
system to target and destroy cancer cells. Pembrolizumab, a
PD-1 immune checkpoint inhibitor, has demonstrated efficacy
in tumors with high TMB, such as in this patient [8].

Despite the success of immune checkpoint medications in
other tumor types such as renal cell carcinoma, pancreatic
tumors are generally regarded as refractory to immunotherapy,
and there has been very limited efficacy in checkpoint
inhibitors on pancreatic adenocarcinoma [10].

Recent studies have explored the relationship between TMB
and immune responses in PDAC. One study categorized
PDAC tumors based on TMB levels (high, intermediate, and
low) and found that TMB-high tumors exhibited enhanced
immune cell infiltration, particularly T helper cells (CD4+ T
cells) and dendritic cells, along with increased cytotoxic T cell
(CD8+ T cell) activity. These tumors also demonstrated
upregulated immune pathways involved in T cell activation,
migration, and antigen presentation. In contrast, TMB-low
tumors showed minimal immune response, with lower
immune cell infiltration and reduced activation of immune
pathways [11].

A significant proportion of TMB-high tumors also harbor
mutations in the ARID1A gene, a chromatin remodeling
protein that regulates gene expression and suppresses
tumorigenesis [12]. ARID1A mutations are associated with
genomic instability and defective DNA repair, leading to the
accumulation of mutations and increased TMB [13]. This
genomic instability fosters the generation of neoantigens,

*Corresponding Author: Bach Ardalan M.D

@ (D & | © Copyright 2025 GSAR Publishers All Rights Reserved

This work is licensed under a Creative Commons Attribution-NonCommercial 4.0 International License.

Page 41




Global Journal of Clinical Medicine and Medical Research [GJCMMR] ISSN: 2583-987X (Online)

making the tumors more immunogenic and potentially
responsive to immunotherapy [14]. The patient's ARID1A
mutation frequency of 3.4% suggests the presence of this
mutation, which likely contributes to his tumor's genomic
instability and higher TMB, both of which may enhance its
response  to  immune  checkpoint inhibitors  like
pembrolizumab.

Studies have demonstrated that ARID1A-mutated cancers are
more likely to respond to immune checkpoint blockade (ICB)
therapies. In mouse models of ovarian cancer, ARID1A-
deficient tumors responded significantly better to anti-PD-L1
treatment, resulting in improved survival. Clinical data in
patients with ARID1A mutations in various cancer types have
shown prolonged progression-free survival (PFS) after ICB
therapy, further supporting the role of ARID1A mutations in
enhancing immunotherapy efficacy [15].

Moreover, additional studies, such as those published in the
Journal for Immunotherapy of Cancer, highlight the potential
of combining TMB and other genetic markers, like copy
number alterations (CNA) and MSI/MMR status, to predict
response to immune checkpoint inhibitors. In gastrointestinal
cancers, including PDAC, higher TMB correlates with better
treatment outcomes, suggesting that TMB is a reliable
biomarker for immunotherapy response [16].

Conclusion

In summary, pancreatic ductal adenocarcinoma (PDAC)
remains one of the most challenging malignancies, with poor
prognosis and limited treatment options due to its late-stage
diagnosis and aggressive nature. While chemotherapy
regimens like FOLFIRINOX and Gemzar/Abraxane are
commonly used, they often provide modest survival benefits
and come with significant side effects. The advent of
immunotherapy, particularly the use of immune checkpoint
inhibitors like pembrolizumab, offers promising new treatment
strategies, especially for tumors with high tumor mutational
burden (TMB).

This case illustrates the potential of combining chemotherapy
with immunotherapy for the treatment of PDAC, particularly
in patients with high TMB and ARID1A mutations. The
promising clinical response in this patient supports the use of
TMB as a predictive biomarker for immunotherapy in PDAC,
emphasizing the importance of personalized treatment
strategies. Ongoing studies into the molecular and immune
profiles of PDAC, including the genetic landscape and
immune response characteristics, will be crucial for refining
therapeutic approaches. As we continue to uncover the genetic
and immunological factors that drive PDAC progression,
precision medicine will play a pivotal role in improving
survival rates and quality of life for patients with this
devastating disease.
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Fig. 1.

Initial CT scan of patient’s large pancreatic mass conducted on
05/2023.

Fig 2.

Baseline PET/CT scan conducted on 08/2023.
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Fig 3.

Caris blood testing conducted on April 29, 2024, revealed a
tumor mutational burden (TMB) of 29 mutations

Fig 4.

Biomarker Protein Change DA Change Variant Frequency interpretation

Biomarker Protein Change DA Change Variant Frequency Interpretation

Caris report (solid tumor) confirming that he is KRAS wild-
type (KRAS WT).

Fig 5.

.......

The patient's CA-19-9 levels were tracked throughout the
course of treatment, this decline in CA-19-9 levels suggests a
positive response to the treatment regimen.

Fig 6a.

Recent CT scan conducted on 12/16/24 demonstrating
reduction in pancreatic mass size.

Fig 6b.

Recent PET scan conducted on 12/13/2024.
Fig 7.

Tumor Mutational Burden (TMB)
MSI-High NOT DETECTE

Tumor Fraction

GUARDANT 360 liquid biopsy was performed on October 2,
2024, revealing a TMB of 3.5.

Fig 8.

The patients CA-19-9 levels show a rise around April 2025.

Figure Legend:
Figure 1: “Initial CT scan of patient’s large pancreatic mass
conducted on 05/2023.”

Figure 2: “Baseline PET/CT scan conducted on 08/2023.”

Figure 3: “Caris blood testing conducted on April 29, 2024,
revealed a tumor mutational burden (TMB) of 29 mutations”

Figure 4: “Caris report (solid tumor) confirming that he is
KRAS wild-type (KRAS WT).”

Figure 5: The patient's CA-19-9 levels were tracked
throughout the course of treatment, this decline in CA-19-9
levels suggests a positive response to the treatment regimen.

Figure 6a: CT scan conducted on 12/2024 demonstrating
reduction in pancreatic mass size.

Figure 6b: PET/CT scan performed 12/2024 showing
decrease in FDG avidity of large pancreatic mass.

Figure 7: GUARDANT 360 liquid biopsy was performed on
October 2, 2024, revealing a TMB of 3.5.
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Figure 8: The patients CA-19-9 levels show a rise around
April 2025.
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