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Pancreatic cancer is characterized by a poor prognosis and limited
responsiveness to conventional therapies, presenting a substantial therapeutic
challenge. Although chemotherapy remains the cornerstone of systemic
treatment, options become scarce once frontline therapies fail. While targeted
therapies and immunotherapies have emerged as potential alternatives, their
efficacy in pancreatic cancer is not well established. As research advances,
exploring the tumor immune microenvironment (TiME) of pancreatic cancer is
crucial and holds significant potential for developing novel treatment
strategies.We report a case of a pancreatic cancer patient who, after the failure
of frontline and second-line treatments, was treated with a pioneering
combination of targeted therapy and immunotherapy to modulate the unique
TiME. The targeted agent, surufatinib, is a tyrosine kinase inhibitor (TKI) that
targets vascular endothelial growth factor receptor (VEGFR) 1-3, fibroblast
growth factor receptor 1 (FGFR1), and colony-stimulating factor 1 receptor
(CSF-1R). The immunotherapy agent, toripalimab, is an immune checkpoint
inhibitor targeting programmed cell death protein 1 (PD-1). Remarkably, the
patient benefitted from this regimen, exhibiting stable disease, improved clinical
symptoms, and prolonged progression-free survival. This case highlights the
potential of personalized therapy in treating pancreatic cancer, particularly in
patients with distinctive features of the TiIME that may predict favorable
responses to immunotherapy. Personalized strategies that consider the spatial
structure and composition of the TIME may offer a promising avenue for
achieving long-term progression-free survival in patients with pancreatic cancer.
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1 Introduction

Pancreatic cancer (PC) remains one of the most challenging
malignancies in oncology and is characterized by its aggressive
behavior, late-stage diagnosis, and limited responsiveness to
conventional therapies (1). Standard first-line treatments, typically
involving chemotherapy, often yield only modest improvements in
survival and are frequently accompanied by significant toxicity (2).
Although some patients initially derive significant clinical benefits,
therapeutic resistance ultimately develops. Consequently, there is an
urgent need for more effective and personalized treatment strategies.

Recent breakthroughs in the field of immunotherapy have
revolutionized the treatment landscape for various cancers,
offering hope for better outcomes. However, the role of
immunotherapy in PC, particularly as a subsequent line of
treatment following the failure of standard regimens, is still
evolving. With more in-depth research into the TiME, the unique
characteristics of PC have become increasingly associated with
potential responsiveness to immunotherapy (3).

Owing to the TiME of PC, monotherapy with immune
checkpoint blockade (ICB) has shown limited efficacy. However,
combination therapies hold great promise in enhancing the immune
response for better therapeutic outcomes. In this study, we
introduced a TKI combined with ICB as a therapeutic regimen
depending on the patient’s specific TIME. The pretreatment TiME
was characterized by extensive fibrous deposition, enrichment of
inflammatory cells, and the presence of tertiary lymphoid structures
(TLSs) formed by the recruitment of immune cells to the tumor
frontier edge, indicating potential responsiveness to immunotherapy.
TKIs inhibit the growth and spread of tumor cells by blocking the
activity of specific tyrosine kinases. TKIs have the potential to
modulate the TiME in the following ways: inhibition of

angiogenesis, modulation of immune cell function, reduction in

FIGURE 1
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inflammation, and reduction in fibrogenesis (4). Although TKIs
are not the standard treatment for PC, owing to their potential to
reverse the immunosuppressive microenvironment, we have
attempted to reverse immune resistance with a pioneering regimen
combining TKIs with immune checkpoint inhibitors.

In the present case, we report the clinical course of a PC patient
who, after failing to respond to first-line chemotherapy, exhibited
remarkable progression-free survival to the novel treatment
regimen on the basis of her TiME, which demonstrated an
inimitable spatial structure, high programmed death-ligand 1
(PD-L1) expression, and abundant tertiary lymph nodes.

2 Case description

A patient in her early 60s presented with abdominal discomfort,
accompanied by hunger and a burning sensation that improved
after eating. She sought medical consultation at our hospital. After
evaluation by a multidisciplinary team, the patient opted to undergo
extended pancreaticoduodenectomy and pursue adjuvant therapy.
Hematoxylin and eosin (H&E) staining (Figure 1A) and multiplex
immunohistochemistry (mIHC) (Figure 1B) were performed on
surgical biopsies from this patient. We employed the Cyclic-
multiplex Tyramide Signal Amplification (CmTSA) platform for
mIHC (5). This platform utilizes Tyramide Signal Amplification
(TSA) combined with an efficient fluorophore recycling method,
allowing for the labeling of 30-60 antigens across multiple tissue
slides. The staining process was performed using conventional
immunohistochemistry equipment and standard IHC primary
antibodies, significantly reducing the overall costs. H&E staining
confirmed that the pathological diagnosis was pancreatic ductal
adenocarcinoma (PDAC). The TiME exhibited representative

FOXP3

Hematoxylin and eosin (H&E) staining and multiplex immunohistochemistry. (A) Surgical biopsies stained with H&E. Scale bar: 5 mm. (B) Image of
multiplex immunohistochemistry with 18 markers. Scale bar: 5 mm. (C, D) Images of one region of interest(ROI). The red box is used to select two
smaller ROIs and show the different markers in them. ROI scale bar: 200 um. Smaller ROI scale bar: 100 pm.
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features of the immune microenvironment in PDAC. Notably, there
was a particularly prominent mesenchymal compartment within
the stroma, comprising the majority of the tumor volume
(Figure 1C). This stromal compartment includes fibroblasts,
extracellular matrix components, immune cells, and endothelial
cells. Within the fibrous envelope, there was substantial expression
of PD-1 and PD-L1. Additionally, the margins of the tumor tissues
contained a significant number of TLSs, which are generally
associated with a favorable prognosis (Figure 1D). The center of
each TLS consists of large clusters of B cells surrounded by helper T
cells that activate and enhance the immune response, aiding in
antibody production.

Postoperatively, she began receiving systematic adjuvant therapy
(Figure 2). She initiated frontline modified FOLFIRINOX
(mFOLFIRINOX) regimen (oxaliplatin [85 mg per square meter of
body surface area on day 1], irinotecan [150 mg per square meter on
day 1], leucovorin [400 mg per square meter on day 1], and fluorouracil
[2400 mg per square meter over a period of 46 hours] every 2 weeks).
Over the next 2 cycles, the patient experienced progressive disease
according to the Response Evaluation Criteria in Solid Tumors
(RECIST) V.1.1. mFOLFIRINOX was discontinued, and the
treatment strategy was revised to include combined chemotherapy,
immunotherapy, and local radiation therapy. The patient received GA
chemotherapy, which was composed of gemcitabine (1000 mg per
square meter on days 1 and 8 every 3 weeks) and albumin-bound
paclitaxel (125 mg per square meter on days 1 and 8 every 3 weeks)
plus toripalimab (240 mg on day 1 every 3 weeks). The patient reported
experiencing nausea, vomiting, and numbness in the hands and feet
after the completion of treatment. The combined regimen was
administered for 9 cycles, ultimately resulting in a partial response.
On the basis of the favorable response, an adequate number of second-
line treatment cycles, and the patient’s overall condition, we considered
maintenance therapy with single-agent immunotherapy. She received
only toripalimab (240 mg intravenously every 3 weeks) for 3 cycles.
After completing the third cycle of treatment, a follow-up CT scan
indicated baseline disease progression, along with an elevation in
CA19-9 levels (S1A). The patient reported worsening abdominal
pain and sought further treatment at an outside hospital where was
treated with radioactive '*°I seed implantation. To formulate the next
treatment plan, we reviewed the mIHC images of the patient’s surgical
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FIGURE 2
Schematic diagram of the antitumor treatment process.
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specimens and the patient’s genetic test results to determine the
potential for immunotherapy. There are no clear guidelines
regarding whether PC patients should continue chemotherapy after
failure of first- and second-line treatment regimens. Based on the
patient’s overall condition, we discontinued chemotherapy and
initiated targeted therapy combined with immunotherapy comprising
surufatinib (250 mg every day) and toripalimab (240 mg intravenously
every 3 weeks) in the 22nd month after the operation. Over the next 20
months, the patient experienced stable disease (S1B). When the patient
was reexamined after completing 20 cycles, CT suggested tumor
progression and ascites, and the patient presented with symptoms of
hepatic encephalopathy, so treatment was discontinued.

3 Discussion

Despite advances in cancer treatment, the prognosis for PC
patients, especially those with advanced stages, remains dismal.
In addition to the inherent immune-evasive properties of PC,
its highly immunosuppressive microenvironment further
hinders the effectiveness of immunotherapy and targeted
therapy. Consequently, the primary treatment for PC involves
chemotherapy, which has a low response rate of less than 10%
and a 5-year survival rate of 5-10% (1). Even with surgical
intervention, 70% of early-stage patients progress to metastatic
disease within a year, and recent studies have demonstrated
minimal benefits from immunotherapy, whether used alone or
in combination with targeted therapies (2).

In this case, the patient received the first-line mFOLFIRINOX
regimen postsurgery and experienced local recurrence after just two
cycles. Upon evaluating the patient’s baseline condition, we found
that she exhibited positive PD-L1 expression, with a high tumor
proportion score (TPS) of 30% and a combined positive score (CPS)
of 32. However, according to previous reports, PD-L1 expression in
patients with PDAC is not significantly correlated with the
therapeutic efficacy of PD-1 inhibitors. To determine further
treatment regimens, we considered the characteristics of the
tumor microenvironment from the patient’s pretreatment
biopsies. We selected a region of interest (ROI) from the biopsies
with CmTSA staining (Figure 1C). The selected ROI was then
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processed using deep learning-based algorithms for accurate cell
segmentation (5). Each cell within the ROI was annotated based on
expression markers, allowing for the identification of different cell
types. We identified 15 cell types with 18 markers. The ROI
included a scattered arrangement of cancer cell nests and a tumor
frontier region containing TLSs. After image vectorization
(Figure 3A) and excluding unidentifiable cells, we counted 15,688
cells. Fibroblast activation proteins (FAPs) accounted for 1.8%,
fibroblasts for 9.8%, and tumor cells for 12% of the ROI. The
numbers of fibroblasts and tumor cells were similar, consistent with
the characteristics of the PDAC TiME. In the tumor region
(Figure 1C), we observed spatial proximity between PD-L1-
expressing tumor cells and PD-1-expressing cells, suggesting the
potential feasibility of anti-PD-1 immunotherapy. Consequently,
the treatment was switched to a combined GA regimen with
toripalimab alongside concurrent local radiotherapy, based on
prior clinical trials that yielded positive results when
pembrolizumab was combined with the GA regimen. The patient
responded positively to this regimen, achieving a partial response at
one point. However, local recurrence occurred again after
maintenance monotherapy. These findings suggest that although
many patients with PC have good immunotherapeutic potential, the

FIGURE 3

Mature-myeloid-cells -
Neutrophil .
PD-L1+tumor-cells -
PD-L1-tumor-cells

Plasma-cells

10.3389/fimmu.2025.1547388

immunosuppressive components of the microenvironment and
physical isolation by fibrous structures present unique challenges
to the efficacy of immune checkpoint inhibitors in this population.
Therefore, determining the appropriate treatment on the basis of
the specific tumor microenvironment is essential for personalized
therapy. For example, treatment with gemcitabine and a CD40
agonist improves outcomes in patients with a low neutrophil-to-
lymphocyte ratio (6). Additionally, patients may receive tailored
regimens according to the different compositions of the tumor
microenvironment, such as enrichment of FAP or collagen,
enrichment of T cells or myeloid cells, or a poor immune cell
profile (7).

According to previous reports, the TiME of PC is highly
disorganized. It is typically characterized by dense stroma and
immunosuppressive metabolic conditions, such as elevated lactate
levels and hypoxia (8, 9). This tumor-specific environment not only
promotes cancer growth and metastasis but also forms an
immunosuppressive barrier that impedes both conventional and
emerging immunotherapeutic strategies. Key features of the PC
TiME include significant immune cell suppression, exemplified by
the accumulation of regulatory T cells (Tregs) and myeloid-derived
suppressor cells (MDSCs), as well as the presence of tumor-associated
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Results of vectorization and downstream analysis of multiplex immunohistochemistry images. (A) Space mapping of multiplex
immunohistochemistry images generated from vectorized data. (B) Heatmap plot of the interaction analysis results. (C, D) Voronoi diagrams of

spatial structures detected via downstream analysis.
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macrophages (TAMs). Additionally, the microenvironment contains
a dense fibrotic matrix that physically hinders the infiltration of
effective immune cells and chemically suppresses immune responses
through the secretion of various immunosuppressive molecules (8).

To further determine the treatment plan, we analyzed the image
vectorization data to identify the spatial distribution of these cell types,
examining the interactions between paired cells and their clustering
into functional multicellular niches via downstream analysis software
(5). Interaction analysis revealed strong immune interactions among
immune cells in the region, including antigen presentation and the
activation of B cells and cytotoxic T cells (Figure 3B). Spatial structure
prediction successfully identified TLSs (Figure 3C). Furthermore, we
discovered that tumor cells, neutrophils, and fibroblasts form a unique
structure (Figure 3D). In this configuration, neutrophils and cancer-
associated fibroblasts (CAFs) surround tumor cells and create a dense
stromal barrier through extracellular matrix (ECM) components,
such as collagen and fibronectin, which are secreted by CAFs. These
barriers not only physically restrict immune cell infiltration but also
directly inhibit immune cell function via matrix components (10). This
structure may contribute to an immunosuppressive microenvironment
due to the presence of immunosuppressive factors such as TGF-f, IL-
10, and VEGF, which are secreted by neutrophils and CAFs. These
factors can inhibit the function of effector T cells and promote the
expansion of Tregs, thereby further enhancing the immunosuppressive
state (11-13). Given the tumor microenvironment and the patient’s
baseline condition, chemotherapy was abandoned in favor of
combination therapy consisting of a TKI, which can reduce
inflammation and fibrogenesis, and PD-1 blockade. PD-1 blockade
was selected based on the patient’s positive PD-L1 expression and the
spatial proximity between PD-Ll-expressing tumor cells and PD-1-
expressing immune cells. The results from a phase II clinical trial using
surufatinib combined with toripalimab in patients with advanced solid
tumors indicate that this targeted and immunotherapy combination is
well tolerated and demonstrates preliminary antitumor activity in these
patients. Consequently, we considered treating the patient with a
combination of surufatinib and toripalimab. Encouragingly, the
patient achieved long-term progression-free survival of 20 months
from combination therapy without unexpected safety signals; imaging
and tumor marker assessments revealed tumor stabilization, resulting
in stable disease.

Such prolonged progression-free survival is very rare in patients with
recurrent PC after surgery. The pretreatment tumor microenvironment
is characterized by extensive fibrous deposition, enrichment of
inflammatory cells, and the presence of TLSs formed by the
recruitment of immune cells to the frontier edge of the tumor,
indicating the potential for immunotherapy. In accordance with these
findings, the aim of adding TKIs is to modulate the microenvironment.
Surufatinib significantly reduces tumor angiogenesis by inhibiting
VEGFR and FGFR. A reduction in abnormal blood vessels and
normalization of the vasculature improve the oxygen and nutrient
supply in the tumor microenvironment, enabling immune cells to
infiltrate the tumor more effectively (14, 15). By inhibiting CSF-1R,
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surufatinib decreases the number of TAMs and MDSCs, which, in
collaboration with neutrophils and CAFs, enhance immunosuppressive
effects (16). Additionally, surufatinib inhibits the activity and secretory
functions of CAFs by targeting FGFR2, reducing the accumulation of the
ECM, decreasing the rigidity of the tumor microenvironment, and
increasing immune cell permeability. This allows effector T cells to
more easily penetrate the tumor core for effective attack (12).

On the basis of existing clinical research and the patient’s unique
tumor microenvironment structure, the potential mechanism for
patient benefit may lie in the selection of appropriate targeted drugs
combined with immunotherapy to alter the microenvironmental state
(17, 18). Spatial analysis of the pretreatment tumor microenvironment
revealed the spatial distribution of cells and the unique structures
formed by these cells. Previous studies have indicated that the spatial
organization of TiME plays a crucial role in predicting the efficacy of
ICB, as multicellular spatial interactions significantly influence the
treatment respons (19, 20). Exploring targeted therapies on the basis of
the cellular composition of these structures is a future direction for
precision treatment of PC. Unfortunately, we do not process on-
treatment biopsies to determine the characteristics of the tumor
microenvironment, making it impossible to accurately determine
whether the spatial structure of the tumor microenvironment has
changed, as we hypothesized under the combined treatment regimen.

4 Conclusion

In this case, the characteristics of the tumor immune
microenvironment, particularly its unique spatial structure,
guided the use of toripalimab alone and in combination with
chemotherapy or surufatinib for refractory PC, which contributed
to improve in survival outcomes. Future large-scale cohort studies
are warranted to validate the efficacy and safe based the individual
treatment strategy.
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