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KRAS vaccine with dual checkpoint blockade shows
early promisein pancreatic cancer
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Pancreatic adenocarcinoma remains a formidabl e challenge in oncology, with stubbornly high mortality rates
and limited effective treatment options, particularly in the resected setting where recurrence is common. The
field has long sought therapies targeting specific oncogenic drivers, with KRAS mutations standing out as
apervasive, yet historically undruggable, target. This persistent unmet need drives the exploration of novel
immunotherapeutic approaches. A recent Phase | study published in Nature Communications investigated a
mutant KRA Svaccinein combination with dual checkpoint blockade, offering an early glimpseinto apotentially
transformative strategy.1,2

The Pivot: A pooled synthetic long peptide vaccine targeting six common KRAS mutations, combined with
ipilimumab and nivolumab, demonstrated safety and robust T cell activation in resected pancreatic cancer.

The Data: 11 of 12 patients generated a significant increase in average T cell response to the six mutant
KRAS antigens, and 10 of 12 patients showed a significant tumor-specific response.

The Action: While early, these immunogenicity data support further investigation of mutant KRAS vaccines
in combination with checkpoint inhibitors for pancreatic cancer, potentially moving beyond traditional
chemotherapy in the adjuvant setting.

Pancreatic ductal adenocarcinoma (PDAC) carries a grim prognosis, even after surgical resection. The vast majority
of patients experience recurrence, highlighting the critical need for effective adjuvant therapies. KRAS mutations are
present in approximately 90% of PDAC cases, making them an attractive, albeit challenging, target for therapeutic
intervention. For years, KRAS was considered ‘undruggable,’ but recent advances, including direct KRAS G12C
inhibitors, have begun to shift this paradigm. Still, the diversity of KRAS mutations and the aggressive biology of
pancreatic cancer demand broader strategies. This Phase | trial explored an immunotherapeutic approach, aiming to
harness the patient's own immune system against these common oncogenic drivers.1,2

The study enrolled 12 patients with resected pancreatic adenocarcinoma, all of whom harbored one of the six targeted
KRAS mutations: G12V, G12A, G12R, G12C, G12D, or G13D. These mutations represent the most prevalent KRAS
aterationsin PDAC. Theinvestigators administered a pooled synthetic long peptide vaccine designed to target these
specific mutant KRAS antigens. This vaccine was given in combination with ipilimumab, a CTLA-4 inhibitor, and
nivolumab, a PD-1 inhibitor. The dual checkpoint blockade aimed to enhance the vaccine's immunogenic effects by
disinhibiting T cell responses. Patients received the vaccine and checkpoint inhibitors in the adjuvant setting, following
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surgical resection of their primary tumor. The trial, registered as NCT04117087, focused on assessing safety and
immunogenicity as its co-primary endpoints.1,2

Designing an ImmuneAttack on KRAS
Therational e behind amutant KRAS vaccineisto present specific, tumor-associated neoantigens to the immune system,

thereby training T cellsto recognize and eliminate cancer cellsexpressing these mutated proteins. Synthetic long peptides
(SLPs) are typically 20-30 amino acids long, encompassing the mutation site. This length allows for processing and
presentation by both MHC class| and MHC class || molecules, potentially activating both CD8+ cytotoxic T lymphocytes
and CD4+ helper T cells. The pooled nature of this vaccine, targeting six different KRAS mutations, aimed to provide
broad coverage for the diverse KRAS mutation landscape in PDAC patients. The addition of ipilimumab and nivolumab
was a critical component of the strategy. Checkpoint inhibitors work by blocking inhibitory signals that cancer cells
exploit to evadeimmune surveillance. CTLA-4 blockade (ipilimumab) primarily enhancesT cell primingin lymph nodes,
while PD-1 blockade (nivolumab) reinvigorates exhausted T cells within the tumor microenvironment. Combining these
agents with a vaccine aimed to create a potent, multi-pronged anti-tumor immune response.1,2

The co-primary endpoints of the trial were safety and the maximal percent change of |FN3producing mutant KRAS

T cell responses in the blood within 17 weeks. IFN3production is a key marker of T cell activation and effector
function. Secondary endpoints included disease-free survival (DFS), overal survival (OS), and maximal percent change
of IFN3producing mutant KRAS T cell responses at any time after vaccination. Thetrial design, asaPhase | study,
prioritized understanding the safety profile and the vaccine's ability to elicit an immune response, rather than definitive
efficacy outcomes. The small patient cohort of 12 individuals reflects this early-phase focus.1,2

Thelmmunological Response
The safety profile of the vaccine and dual checkpoint blockade combination was favorable. Vaccine-related adverse

events were exclusively grade 1-2. Thisis afinding of high importance for an investigational therapy in avulnerable
patient population, suggesting that the regimen is tolerable. While specific details on the nature of these adverse events
were not provided in the abstract, the low grade indicates mild and manageabl e toxicities, which isencouraging for future
development. The combination of ipilimumab and nivolumab can be associated with immune-related adverse events
(irAEs), but the trial's focus on vaccine-rel ated events suggests that the vaccine itself did not add significant high-grade
toxicity.1,2

Immunogenicity data showed a significant increase in T cell responses. Specifically, 11 of 12 patients generated a
significant increase in average T cell response to the six mutant KRAS antigens. This indicates that the vaccine
successfully primed the immune system to recognize these mutated proteins. Ten of 12 patients generated a significant
tumor-specific T cell response. This distinction isimportant: while a response to the vaccine antigens is good, a
tumor-specific response suggests that the activated T cells are capable of recognizing and potentially targeting actual
cancer cells. The high proportion of responders in this small cohort is astrong signal of immunogenicity.1,2
Immunophenotyping provided further detail on the nature of the T cell responses. The vaccine generated Thl CD4 central
memory and effector memory T cells. CD4+ helper T cells, particularly of the Thl subtype, are critical for orchestrating
effective anti-tumor immunity, providing helpto CD8+ T cellsand sustaining immune responses. The presence of central
memory T cells suggeststhe potential for long-lasting immunity, while effector memory T cells are poised for immediate
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action upon re-encountering the antigen. CD8 effector memory T cells were also observed, albeit at alower frequency.
CD8+ T cells are the primary cytotoxic cells responsible for directly killing cancer cells. The generation of both CD4+
and CD8+ memory populations is a desirable outcome for a therapeutic vaccine.1,2

A particularly interesting finding was the generation of cross-reactive T cells. These T cells recognized more than

one mutant KRAS antigen. This cross-reactivity is clinically significant because it suggests that the vaccine could
potentialy elicit a broader immune response, even against KRAS variants not explicitly included in the vaccine, or
against tumor cells that might downregulate one specific mutant KRAS epitope but still express others. This could
enhance the robustness and durability of the anti-tumor effect. The ability to induce such a diverse anti-tumor immunity
isakey strength of this vaccine approach.1,2

What the Data M eansfor Pancreatic Cancer
Theresults of this Phase | trial provide compelling evidence that a mutant KRAS vaccine combined with dual

checkpoint blockade is safe and highly immunogenic in patients with resected pancreati c adenocarcinoma. Theinduction
of robust, diverse T cell responses, including cross-reactive populations, is a significant step forward in a disease
where immunotherapy has historically struggled. The low-grade adverse events are also reassuring, particularly when
considering the aggressive nature of pancreatic cancer and the often-debilitating side effects of conventional treatments.
For clinicians managing patients with resected pancreatic cancer, the prospect of an effective adjuvant immunotherapy
is highly appealing, given the high rates of recurrence. While thistrial did not report on disease-free survival or overall
survival in detail, the strong immunogenicity signals lay the groundwork for larger, efficacy-focused studies. The
development of new therapies for pancreatic cancer remains a high priority.1,2

But the trial was small, enrolling only 12 patients. While sufficient for aPhase | safety and immunogenicity assessment,
these numbers do not allow for definitive conclusions regarding clinical efficacy. The follow-up period for secondary
endpoints like DFS and OS was not detailed in the abstract, and these outcomes will be critical in subsequent phases.
Thetrial was also conducted in patients with resected disease, meaning those with early-stage, surgically amenable
tumors. Whether these findings will translate to patients with locally advanced or metastatic pancreatic cancer, where
the tumor burden and microenvironment are often more immunosuppressive, remains an open question. The specific
KRAS mutations targeted in the vaccine cover the most common variants, but other, less frequent mutations exist. The
cross-reactivity observed is encouraging, but its breadth and clinical impact require further investigation. Clinicians
looking for a comprehensive overview of oncology practice might consult the Oxford Handbook of Oncology (4th ed)
for broader context on cancer management.1,2

The successin generating T cell responses against mutant KRAS antigens is a notable achievement, especially given
the historical difficulty in targeting KRAS. This approach differs from direct KRAS inhibitors, which typically target
asingle specific mutation like G12C. A vaccine, by contrast, aims to leverage the immune system's inherent ability

to recognize and adapt to multiple epitopes, potentially offering a more durable and broad-spectrum anti-tumor effect.
The combination with dual checkpoint blockade is aso critical; previous attempts at cancer vaccines often failed to
show clinical benefit when given alone, underscoring the importance of overcoming immune suppression. The role of
chemoradiation in unresected pancreatic cancer highlights the ongoing search for effective multimodal strategies.1,2
Still, the precise contribution of each component (vaccine, ipilimumab, nivolumab) to the observed immunogenicity is
not fully elucidated in this study. Future trials might explore the individual contributions or different combinationsto
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optimize the regimen. The long-term durability of these T cell responses and their correlation with clinical outcomes
will be paramount. While the trial demonstrated the generation of T cells, the persistence of these cells and their ability
to traffic to and effectively eliminate residual tumor cells are complex biological processes that require further study.
Thefield is aso keenly watching new drug developments in metastatic pancreatic cancer, which often face different
immunological hurdles.1,2

The next steps will undoubtedly involve larger Phase |1 trials to assess the clinical efficacy of this combination,
focusing on disease-free survival and overall survival. These trials will also need to further characterize the immune
responses, including T cell clonality, persistence, and infiltration into tumor tissue. Biomarkers that predict response
to this combination therapy will also be essential for patient selection. The potential for this vaccine to be integrated
into existing adjuvant treatment paradigms, such as chemotherapy, will also need careful consideration. This early data
provides a strong foundation for continued investigation into mutant KRAS vaccines as a viable immunotherapeutic
strategy for pancreatic cancer.1,2

CLINICAL IMPLICATIONS

The demonstration of robust immunogenicity and a favorable safety profile for this mutant KRAS vaccine with
dual checkpoint blockade is a significant development for pancreatic cancer. For clinicians, this moves beyond
the theoretical, offering a tangible signal that targeting KRAS through vaccination is feasible and can elicit

a strong immune response. It suggests a future where adjuvant therapy for resected PDAC might include
immune-based strategies, potentially shifting away from chemotherapy alone for some patients.

The generation of cross-reactive T cells is particularly intriguing. This implies the vaccine could offer broader
protection against the heterogeneous KRAS mutations often found in pancreatic tumors, rather than being
limited to a single variant. This could simplify patient selection and expand the applicability of such a vaccine,
avoiding the need for highly specific, mutation-matched therapies that can complicate clinical practice.

But the small Phase | cohort means we are still far from clinical implementation. While the immunogenicity
data are compelling, the true test will be in larger trials demonstrating a clear benefit in disease-free and
overall survival. The high cost and potential for immune-related adverse events with dual checkpoint blockade
also mean that any future regimen must show substantial clinical gains to justify its use in the adjuvant setting.
The industry will undoubtedly take note, as this provides a strong rationale for investing in further development
of KRAS-targeted vaccines. For patients, this offers a glimmer of hope in a disease notoriously resistant

to treatment. The prospect of a well-tolerated therapy that can prevent recurrence by harnessing their own
immune system is a powerful motivator, even if it remains several years away from routine clinical practice.
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