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Background: Advanced pancreatic cancer carries a dismal prognosis. Current

chemotherapy provides limited survival benefit while causing substantial toxicity.

Despite numerous trials, combining gemcitabine with other cytotoxic or targeted

agents has not significantly improved outcomes, highlighting the urgent need for

novel therapeutic strategies.

Case presentation: This report describes a 56-year-old male diagnosed with stage

IVB pancreatic tail adenocarcinoma, characterized by a high tumor mutational

burden (TMB-H) and a KRAS wild-type status. The patient showed a significant

therapeutic response and an improved quality of life after receiving a novel four-drug

combination regimen. The treatment included cadonilimab (a PD-1/CTLA-4

bispecific antibody), nimotuzumab (an EGFR monoclonal antibody), albumin-

bound paclitaxel, and gemcitabine. After two cycles, the primary pancreatic lesion

reduced by 37%, and there was substantial shrinkage of hepatic metastases.

Continued treatment maintained partial remission (PR), with progression-free

survival (PFS) lasting over seven months and manageable toxicity.

Conclusion: This case highlights the potential of the combination of

cadonilimab, nimotuzumab, albumin-bound paclitaxel, and gemcitabine as an

effective, low-toxicity treatment option for patients with TMB-H/KRAS wild-type

advanced pancreatic cancer.
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Introduction

Pancreatic cancer is one of the most aggressive and fatal

malignancies, with a poor prognosis (1). About 80% of patients

are diagnosed at advanced stages, either with locally advanced

disease or widespread metastases, resulting in a median overall

survival of less than 12 months (2). Despite using first-line

chemotherapeutic regimens like FOLFIRINOX (oxaliplatin/

irinotecan/5-FU/leucovorin) and the combination of albumin-

bound paclitaxel with gemcitabine (AG regimen), survival

outcomes remain limited (3, 4). These treatments are also

o f t en a s so c i a t ed w i th s i gn ifi c an t hema to l og i c and

neurotoxicities, further reducing their clinical uti l ity.

Therefore, there is an urgent need for more effective and

better-tolerated therapeutic strategies for patients with

advanced pancreatic cancer.

Recently, molecularly guided precision therapy has emerged as

a promising approach for treating advanced pancreatic

adenocarcinoma (PDAC). A key feature of pancreatic cancer is

the overexpression of epidermal growth factor receptor (EGFR),

observed in 30% to 70% of patients, both in primary and

metastatic lesions (5). While the combination of cetuximab, an

EGFR-targeting monoclonal antibody, with gemcitabine failed to

show superior efficacy compared to gemcitabine monotherapy (6),

other studies suggest that combining nimotuzumab, another

EGFR monoclonal antibody, with gemcitabine can significantly

improve both overall survival (OS) and progression-free survival

(PFS) in patients with KRAS wild-type PDAC (2). This suggests

that EGFR-targeting therapies may be effective, particularly in

patients with specific genetic profiles, such as KRAS wild-

type status.

Immune checkpoint inhibitors, such as PD-1/PD-L1 inhibitors

and CTLA-4 inhibitors, have been widely studied in PDAC. Their

success has been limited to subpopulations with high tumor

mutational burden (TMB-H) or high microsatellite instability

(MSI-H), where immune responses are more likely to be effective

(7, 8). However, factors such as sparse CD8+ T-cell infiltration,

dense stromal barriers, and immunosuppressive elements in the

general pancreatic cancer population contribute to the limited

efficacy of monotherapy immune checkpoint inhibitors (9, 10).

This reflects the “immunologically cold” nature of pancreatic

cancer, characterized by a highly immunosuppressive tumor

microenvironment (TME) (11). The failure of single-agent

immunotherapies to overcome this hostile environment

underscores the need for combination therapies that can target

multiple immune pathways and tumor mechanisms.

In response to these challenges, we present a clinically

promising case of advanced PDAC with dual actionable

biomarkers: TMB-H and KRAS wild-type status. The patient

received a novel quadruple-modality regimen consisting of

cadonilimab (a dual PD-1/CTLA-4 inhibitor), nimotuzumab (an

EGFR monoclonal antibody), and the AG regimen.
Frontiers in Immunology 02
Case report

A 56-year-old male with well-controlled hypertension

presented with a one-week history of epigastric pain and was

admitted on July 12, 2024. Initial evaluation showed mild

leukocytosis and elevated tumor markers (AFP: 9.22 ng/mL

[normal: 0-8.7]; CEA: 78.4 ng/mL [normal: 0-7.2]). Contrast-

enhanced MRI (July 14, 2024) identified a 4.7 × 3.7 cm malignant

lesion in the pancreatic tail with synchronous hepatic metastases

and hilar/retroperitoneal lymphadenopathy (Figure 1).

Percutaneous liver biopsy (July 15, 2024) confirmed metastatic

adenocarcinoma (Figure 2A), with immunohistochemistry

showing CK7 (+), CK19 (+), HepPar-1 (–), HER-2 (1+), AFP (-),

CA19-9 (-) and a Ki-67 index of 10% (Figures 2B–H). Molecular

profiling revealed a high tumor mutational burden (TMB) of 54.05

mutations per mega base (TMB-H) (Figure 2J). The tumor was

microsatellite stable (MSS) and lacked BRCA1/BRCA2, BRAF, and

KRAS mutations. The patient was diagnosed with stage IVB PDAC

(AJCC 8th edition) with TMB-H/MSS/KRAS wild-type features.

The patient, with an ECOG performance status of 1 and adequate

organ function, began quadruple therapy on July 20, 2024. The

chemotherapy regimen included nab-paclitaxel (200 mg on days 1

and 8) combined with gemcitabine (1.4 g on days 1 and 8).

Nimotuzumab was administered for targeted therapy at 400 mg

weekly, while the immunotherapy component included

cadonilimab at a dose of 750 mg every three weeks (Figure 3).

After two cycles of treatment, imaging showed a 35% reduction

in the primary lesion and significant regression of hepatic

metastases, meeting the RECIST 1.1 criteria for partial response

(PR). PR continued through cycles 4, 6, and 8. By February 21, 2025,

additional shrinkage of the primary tumor was noted, with

sustained hepatic response. PFS exceeded 7 months, and the

patient experienced an improvement in quality of life. Treatment-

related adverse events were limited to grade 2 hypothyroidism and

hematologic toxicity, both of which resolved with supportive care.

The detailed treatment timeline and imaging follow-up are shown

in Figure 4.
Discussion

Treating advanced PDAC remains a significant clinical

challenge. This case presents an innovative therapeutic approach

combining immune checkpoint inhibition, targeted therapy, and

chemotherapy. This integrative approach resulted in sustained

tumor regression with manageable toxicity, providing mechanistic

insights into the synergy between dual immune checkpoint

inhibition, EGFR targeting, and chemotherapy-induced

immunogenic cell death.

Gemcitabine has long been the cornerstone of first-line therapy

for advanced PDAC, providing consistent, albeit modest, survival

benefits. However, the landmark MPACT trial demonstrated
frontiersin.org
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significant therapeutic advancement with the AG regimen,

achieving superior median OS compared to gemcitabine

monotherapy (8.7 vs. 6.6 months; HR = 0.72, 95% CI: 0.62–0.83;

p<0.001) (4). While the FOLFIRINOX regimen showed comparable

efficacy (OS: 11.1 vs. 6.8 months), its utility is limited by substantial

toxicity, including grade ≥3 or severe neutropenia and diarrhea

(12). In contrast, the AG regimen demonstrated a more favorable

safety profile, with lower incidences of severe hematologic and

neurotoxic effects. Based on these considerations, we selected the

AG regimen as the chemotherapeutic backbone for our

combination strategy, aimed at cytotoxic debulking and

immunogenic modulation.

Nimotuzumab (Nimo) is a humanized IgG1 monoclonal

antibody that specifically targets the extracellular domain of

EGFR. It exerts antitumor effects by inhibiting ligand-dependent

EGFR dimerization and downstream proliferative signaling in the

RAS-MAPK pathway, as well as suppressing VEGF-mediated

angiogenesis. Emerging evidence suggests that EGFR inhibition

potentiates chemotherapy efficacy by normalizing tumor

vasculature and enhancing drug delivery (13). Compared to other

EGFR inhibitors, such as cetuximab, Nimo offers two major

pharmacodynamic advantages. First, it has a significantly better
Frontiers in Immunology 03
safety profile, with fewer severe dermatologic toxicities compared to

cetuximab (14). Second, Nimo exhibits more targeted

biodistribution, with a higher tumor-to-plasma concentration

ratio in EGFR-overexpressing tumors, enhancing its effectiveness

at reaching the tumor site (14). The phase III NOTABLE trial

validated these properties in PDAC, demonstrating significant

survival benefits for Nimo plus gemcitabine compared to

gemcitabine alone in KRAS wild-type patients (15). Given our

patient’s KRAS wild-type status and Nimo’s dual capacity to

disrupt oncogenic signaling and potentiate chemotherapy efficacy,

we incorporated this agent into our therapeutic regimen.

Cadonilimab, a tetravalent PD-1/CTLA-4 bispecific antibody,

engages both immune checkpoints via trans-binding while avoiding

Fc receptor interactions, thereby minimizing cytokine release

syndrome (IL-6/IL-8) and antibody-dependent cytotoxicity (16).

This design provides a superior safety profile. The phase 1b/2

COMPASSION-03 trial demonstrated that cadonilimab

monotherapy showed manageable toxicity and promising efficacy

in advanced solid tumors (17). Notably, the phase 3

COMPASSION-16 trial validated the clinical value of

cadonilimab in immunologically cold tumors, showing significant

PFS and OS benefits when combined with first-line chemotherapy
FIGURE 1

Baseline imaging findings of metastatic pancreatic adenocarcinoma. (A, B) Axial T2- weighted MRI demonstrates: (A) Diffuse hepatic metastases (arrows) with
characteristic hyperintense signal; (B) A 4.7 × 3.7 cm² heterogeneously enhancing primary mass (asterisk) in the pancreatic tail. (C) Coronal view reveals
metastatic involvement of the hepatic hilar lymph nodes (arrowheads), showing irregular margins and diffusion restriction. (D) Sagittal reconstruction identifies
multiple enlarged retroperitoneal lymph nodes (circles) along the para-aortic region, consistent with metastatic spread.
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in persistent, recurrent, or metastatic cervical cancer (18). Given our

patient’s advanced PDAC, multifocal hepatic metastases, and the

established synergy between PD-1/CTLA-4 co-blockade and high

mutational burden, cadonilimab was integrated into the AG-

nimotuzumab backbone.

This therapeutic strategy exerts antitumor effects through four

synergistic mechanisms. First, dual PD-1/CTLA-4 checkpoint blockade

alleviates T-cell exhaustion by simultaneously counteracting PD-1-

mediated suppression of T-cell effector functions and CTLA-4-driven

inhibition of dendritic cell co-stimulatory signaling, promoting clonal

expansion and functional reinvigoration of CD8+ cytotoxic T

lymphocytes (19). Second, the high tumor mutational burden

generates abundant neoantigens that synergize with dual checkpoint

inhibition to enhance tumor immunogenicity. This is achieved through

enhanced MHC class I antigen presentation, facilitating tumor-specific
Frontiers in Immunology 04
T-cell recognition and immunological synapse formation. Third,

preclinical evidence suggests that CTLA-4 blockade may augment

hepatic natural killer cell-mediated enrichment (20). Third,

nimotuzumab potentially exerts a dual-sensitizing effect by not only

chemosensitizing the tumor through inhibition of EGFR-driven

proliferation and survival pathways, thereby potentiating the

cytotoxicity of both gemcitabine and nab-paclitaxel, but also by

reprogramming the immunosuppressive tumor microenvironment;

this reversal of immune suppression may enhance T-cell function

and consequently augment the efficacy of the PD-1/CTLA-4 bispecific

antibody. Additionally, combining anti-PD-1 antibody

immunotherapy with gemcitabine (GEM) enhances the immune

response mediated by Th1 lymphocytes, M1 macrophages, and CD8

+ T cells (21), which could be particularly beneficial for patients with

liver metastasis, further enhancing overall therapeutic efficacy. A recent
FIGURE 2

Histopathological and molecular characteristics. (A) Hematoxylin and eosin (H&E) staining demonstrates infiltrating tumor cells exhibiting polygonal
to columnar morphology with moderate cytoplasm, nuclear pleomorphism, and invasive growth patterns. (B, C) Immunohistochemical (IHC) analysis
reveals strong cytoplasmic expression of CK7 and CK19, supporting a pancreaticobiliary or upper gastrointestinal tract origin. (D) HepPar-1 negativity
effectively excludes hepatocellular carcinoma and hepatoid adenocarcinoma in the differential diagnosis. (E) HER-2 immunohistochemistry shows
incomplete membranous staining (1+), indicating weak positivity. (F) Absence of AFP expression rules out metastatic hepatoid differentiation or germ
cell tumors. (G) CA19–9 negativity, observed in approximately 10% of pancreatic adenocarcinomas, provides additional diagnostic context. (H) Ki-67
nuclear staining demonstrates a proliferative index of 10%. (I) Next-generation sequencing revealed a high tumor mutational burden of 54.05
mutations/mega base.
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clinical trial revealed that dual PD-1/CTLA-4 inhibition achieved

significantly better PFS compared to PD-1/PARP inhibitor

combinations in platinum-sensitive advanced PDAC, validating the

role of bispecific antibodies in maintenance therapy (22).

This study has several limitations that should be considered.

First, as a single-case report, the findings lack generalizability and

require validation in larger cohorts. Second, while we used the AG

regimen, emerging data from the NAPOLI-3 trial (liposomal

irinotecan/5-fluorouracil/leucovorin/oxaliplatin, NALIRIFOX)

demonstrate sustained OS benefits at 12 and 18 months

compared to AG. The potential efficacy of NALIRIFOX combined

with nimotuzumab and cadonilimab remains unexplored. Third,

the relatively short follow-up duration prevents assessment of long-

term treatment-related toxicities and efficacy. Fourth, the optimal

maintenance strategy (immune-nimotuzumab dual therapy vs
Frontiers in Immunology 05
chemo-immunotherapy) once the disease stabilizes, and the

optimal duration of maintenance therapy, remain unknown.

These unanswered questions highlight the need for prospective,

randomized controlled trials to validate our preliminary

observations and optimize therapeutic sequencing.
Conclusion

In this study, we demonstrate that a novel quadruplet regimen

combining the PD-1/CTLA-4 bispecific antibody (cadonilimab),

EGFR inhibition (nimotuzumab), and chemotherapy (AG regimen)

achieved promising antitumor activity in a patient with advanced

PDAC characterized by KRAS wild-type status, high tumor

mutational burden (TMB-H), and multifocal hepatic metastases.
FIGURE 3

Swimmer plot of treatment timeline and clinical course. ECOG PS, Eastern Cooperative Oncology Group Performance Status; D, day; q3w, every 3 weeks;
RECIST 1.1, Response Evaluation Criteria in Solid Tumors version 1.1; PR, Partial Response; CTCAE, Common Terminology Criteria for Adverse Events; Gr,
Grade.
FIGURE 4

Treatment timeline and imaging follow-up. MRI T2-weighted images: (A) Diffuse intrahepatic metastatic foci before treatment (July 12, 2024), with a
mass observed in the tail of the pancreas. (B) Intrahepatic metastatic foci and the pancreatic tail lesion significantly reduced and minimized after 2
cycles of treatment. (C-E) Further reduction and minimization of intrahepatic metastatic foci and pancreatic tail lesion after 4, 6, and 8 cycles of
treatment, respectively.
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This study suggests that combining dual immune checkpoint

blockade (PD-1/CTLA-4), EGFR inhibition, and chemotherapy

may benefit molecularly selected advanced PDAC patients with

KRAS wild-type and TMB-H status. Although requiring validation,

these findings support the development of biomarker-driven phase

II trials to evaluate this precision immuno-oncology approach.
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