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A case report of advanced
pancreatic neuroendocrine
carcinoma with Ki67 807%,
CPS 0, and pMMR achieving
durable complete response
for over 7 years after
combination immunotherapy
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Background: Pancreatic neuroendocrine carcinoma (pNEC) is a rare and
aggressive malignancy. For patients with metastatic pNEC, the response to
first-line chemotherapy remains unfavorable, with a median overall survival of
less than one year. Furthermore, there are no standard-of-care therapeutic
options following disease progression, representing a significant unmet
clinical need.

Case presentation: This is a case report of a patient diagnosed with metastatic
pNEC presenting with upper abdominal pain, testing 80% positive for the Ki67
marker, a combined positive score (CPS) of 0, and proficient mismatch repair
(pPMMR). Following progression after chemotherapy, the patient received
combination immunotherapy, involving multi-site, multi-dose, and multi-type
radiotherapies combined with programmed death 1 (PD-1), accompanied by
continuous probiotic supplementation. Imaging examination revealed that the
tumor completely disappeared, and the patient maintained a no-evidence-of-
disease (NED) status for over seven years.

Conclusion: This case demonstrates that multi-site, multi-dose, and multi-type
radiotherapies can more effectively reveal the heterogeneous tumor antigens,
and the combined therapy of immunotherapy and probiotics may achieve
sustained immune responses.
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Introduction

Pancreatic neuroendocrine carcinoma (pNEC) is relatively rare,
accounting for 1-3% of pancreatic tumors. Currently,
chemotherapy is the mainstay treatment for metastatic pNEC, but
the median survival of patients receiving this therapy is less than
one year, and there is no standard treatment following first-line
therapy. In recent years, immunotherapy has shown great potential
for cancer treatment, but pancreatic cancer responds poorly to it
due to low immunogenicity and an immunosuppressive
tumor microenvironment (TME) that characterizes these
immunologically “cold” tumors (1). Efforts have been made to
enhance the efficacy of immunotherapy in cold tumors by
combining programmed death 1 (PD-1)/programmed death
ligand 1 (PD-L1) with chemotherapy, anti-angiogenesis, and
cytotoxic T lymphocyte antigen 4 (CTLA-4). However, the results
are not satisfactory (2).

Here, we report a case of a patient with metastatic pNEC [Ki67
80%, combined positive score (CPS) 0, proficient mismatch repair
(pPMMR)] (Figure 1, Table 1), which progressed following
chemotherapy. Due to fear of prior chemotherapy, the patient
requested a chemotherapy-free treatment regimen. Following
immunological principles, we designed a treatment plan involving
multi-site, multi-dose, and multi-type radiotherapies to induce
heterogeneous tumor cells to release different tumor neoantigens.
Building on this approach, PD-1 therapy was incorporated to
restore T-cell function, and probiotic supplementation continued
to enhance immunotherapy efficacy. Remarkably, the patient
achieved complete radiographic tumor regression and has
maintained a no-evidence-of-disease (NED) status over seven years.

10.3389/fimmu.2025.1682148

Case presentation

A woman aged over 60 years visited our hospital in March 2017
with upper abdominal pain. Results of positron emission
tomographic (PET)-computed tomographic (CT) imaging
revealed pancreatic cancer with metastasis to the liver,
mediastinum, and cervical lymph nodes (Figures 2E1, F1, GI1;
baseline and pre- and post-treatment images are shown in
Supplementary Figure S2). Pathological examination of cervical
lymph node biopsy confirmed Ki67 80%, CPS 0, and pMMR
(MLH1+, MSH2+, MSH6+, PMS2+) (Figure 1; original report in
Supplementary Figure S3). Based on these findings, a diagnosis of
metastatic neuroendocrine carcinoma (NEC) was made, with a
potential pancreatic origin, an Eastern Cooperative Oncology
Group (ECOG) performance status of 1, and a body mass index
(BMI) of 24.17 kg/m?. Examination of the patient’s medical history
revealed a 10-year history of hypertension and an 8-year history of
diabetes, with no family history of genetic disorders. Physical
examination showed no pronounced abnormalities. Considering
the upper abdominal pain, the patient received stereotactic body
radiation therapy (SBRT) for pancreatic lesions (dose: 16 Gy, 8 Gy
x 2 fractions) (Figure 2A; the radiotherapy target area is shown in
Supplementary Figure S1A). The number and size of lymph nodes
in the neck and mediastinum increased following chemotherapy
with etoposide and cisplatin (Figures 2F2, G2).

Subsequently, the patient received radioactive I-125 seed
implantation for liver metastases (total of 36 seeds, activity:
0.6 mCi/seed) (Figure 2B), SBRT for mediastinal lymph nodes
(dose: 24 Gy, 8 Gy x 3 fractions) (Figure 2C; the radiotherapy
target area is shown in Supplementary Figure S1B), and SBRT for

FIGURE 1
Histopathological and immunohistochemical examination of cervical lymph node metastasis. (A) Representative hematoxylin and eosin (H&E)
staining images of metastatic tumor tissue. (B) Higher-magnification H&E demonstrating tumor morphology. (C, D) Immunohistochemical (IHC)
analysis of PD-L1 expression, revealing negative staining in both immune cells (C) and tumor cells (D), corresponding to a combined positive score
(CPS) of 0. (E-H) Representative IHC images of DNA mismatch repair (MMR) proteins, demonstrating unaltered nuclear expression of MLH1 (E),
MSH2 (F), MSH6 (G), and PMS2 (H), consistent with proficient MMR (pMMR) status. All images were recorded at 20X magnification (except A, 10x),
with scale bars = 100 um (shown in the lower-left corner of each panel).
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TABLE 1 Immunohistochemical (IHC) markers.

Immunohistochemical Staining Result/
marker localization Intensity
CD56 Membrane/Cytoplasm +++
Synaptophysin (Syn) - Negative
Chromogranin A (CgA) - Negative

INSM1 - Not performed
Ki-67 Nuclei 80%
TTE-1 Nuclei +++

P53 Nuclei 90%
Villin Cytoplasm ++

CKP Cytoplasm +++

CK7 - Negative
CK20 - Negative

PD-LI (Dako 22C3) - CPS: 0

All Positive

MLH1, MSH2, MSH6, PMS2 -
(pPMMR)

The Ki-67 index was assessed according to the semi-quantitative standard (counting positive
tumor cell nuclei), consistent with manual hot-spot evaluation methodology commonly used
in pathological practice. INSMI was not evaluated in this case.

cervical lymph nodes (dose: 24 Gy, 8 Gy x 3 fractions) (Figure 2D;
the radiotherapy target area is shown in Supplementary Figure
S1C). She received 14 cycles of pembrolizumab therapy (200 mg
intravenous infusion every three weeks) and long-term probiotic
supplementation (Bifidobacterium triple viable capsule 6g bid)
(Table 2). During treatment, the patient’s tumor continued to
shrink. At the 13th cycle of PD-1 therapy, PET-CT scan showed
complete response (CR) in the pancreatic, hepatic, and mediastinal
lesions (Figures 2E3, G3). Notably, all lesions achieved CR following
the 14 cycles of PD-1 therapy. No significant adverse events were
observed during the treatment period. Blood glucose and blood
pressure remained stable. The patient’s ECOG performance status
was improved to 0, and BMI remained stable at 21.56 kg/m? after
the treatment, and the patient showed good treatment compliance
and tolerability. Further follow-up examinations demonstrated
NED. In April 2025 (Figures 2E4, F4, G4), enhanced CT scans of
the thoracic and abdominal regions exhibited NED, more than
seven years following the termination of anticancer therapy.

Discussion

In this case of advanced pNEC with a Ki67 index of 80% after
chemotherapy, despite CPS 0 and pMMR (cold tumor), the patient
achieved CR after 14 cycles of pembrolizumab + multi-site
heterogeneous radiotherapies + long-term oral probiotics.
Following the initial CR, the patient did not undergo any further
anticancer therapy. Remarkably, routine follow-ups over the next
seven years consistently showed NED.

Frontiers in Immunology

10.3389/fimmu.2025.1682148

The synergistic potential of radiotherapy and immunotherapy
has been reported in several NECs, including cervical, esophageal,
and pulmonary (3-5). The strategy of integrating localized
radiotherapy with immunotherapy in these NEC cases is highly
compelling. However, there is limited clinical evidence on the
widespread application of this combination regimen in
NECs. While some meta-analyses have demonstrated survival
benefits from adding thoracic radiotherapy to standard
chemoimmunotherapy in extensive-stage small cell lung cancer
(6, 7), gaps remain in prospective randomized controlled trials
directly evaluating the combination of radiotherapy and immune
checkpoint inhibitors (ICIs) in the broader NEC population. More
critically, key clinical questions in this field remain unaddressed:
there is currently no consensus on the optimal treatment sequence
(concurrent versus sequential) or the most immunogenic
radiotherapy dose and fractionation schedule (hypofractionated
versus conventional) (8, 9). The present case provides several
novel perspectives on this paradigm. First, unlike most reported
cases that employed single-site or standardized radiotherapy, the
patient in our case report received multi-site, multi-dose, and multi-
type radiotherapies, which may more comprehensively reveal the
heterogeneous antigenic landscape of the tumor and potentiate a
broader T-cell response. Second, despite CPS of 0 and pMMR status
—biomarkers typically associated with limited immunotherapy
response—the patient achieved a complete and durable remission,
suggesting that such radiological diversity may help overcome
immunoresistant profiles. Third, the prolonged administration of
probiotics alongside combination therapy represents an
underexplored adjuvant strategy that may modulate the gut-
immune axis and sustain antitumor immunity (10). Finally,
achieving the NED status for over seven years in metastatic
pNEC is extremely. It highlights the potential of this integrated
approach to facilitate long-term immune control beyond
what has been previously described with conventional radio-
immunotherapy combinations.

Clinically, it is challenging to transfer cold tumors into hot
tumors, and researchers are testing the potential of immunotherapy
to improve cancer outcomes. The combination of radiotherapy and
immunotherapy is one direction that needs to consider
radiotherapy dose, number of irradiation sites, tumor biology,
and immune status, necessitating the development of
individualized treatment plans. Currently, radiotherapy is
considered a group of diverse drugs with varying efficacy and
toxicities (11, 12). Our treatment approach began with multi-site
SBRT and I-125 seed implantation to release antigens from
heterogeneous tumor locations, followed by PD-1 therapy to
restore T-cell function and sustained oral probiotics to boost
immunotherapy efficacy. This sequential approach leverages the
potential of radiotherapy to induce immunogenic cell death and
reshape the TME, thereby priming a systemic anti-tumor immune
response that may synergize with subsequent immune checkpoint
inhibition. Complete exposure of heterogeneous tumor antigens is a
key step in initiating immune responses. Hypofractionated
radiotherapy can cause DNA double-strand breaks, thus inducing
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FIGURE 2

Treatment strategy and longitudinal imaging assessment of combined immunotherapy. (A) Delineation of radiation therapy target for the pancreatic
lesion (red contour). (B) 1-125 radioactive seed implantation site within the hepatic metastasis (white markers inside hepatic). (C-D) Radiotherapy
planning for mediastinal (C) and cervical (D) lymph node metastases (red contour). (E1-E4) Serial imaging evolution of pancreatic and hepatic lesions
during therapy. (F1-F4) Illustration of dynamic changes in cervical lymph node metastases at different treatment phases. (G1-G4) Temporal
progression of mediastinal nodal disease. PET-CT fusion images (E1, F1, G1, E3, F3, G3) highlight metabolically active tumor foci (yellow areas).

tumor cell apoptosis and the release of tumor-specific antigens.
When combined with immunotherapy, hypofractionated
radiotherapy can also exert distant effects. Evidence has shown
that the 8Gy*3f fractionated regimen can yield substantial
synergistic immunotherapeutic effects (13). The distant effect of
SBRT + immunotherapy has been observed in animal models and
clinical studies (14). In view of the heterogeneity of the immune
microenvironment and the difference in antigen expression at
diverse tumor sites, studies have shown that multi-site
radiotherapies can more effectively enhance the efficacy of
immunotherapy than single-site radiotherapies (15). In the study
by Justin involving a mouse tumor model, the results indicated that
the dose-differentiated radiotherapy promoted the clonal expansion
of effector CD8 T cells, and when combined with ICIs,
heterogeneous radiotherapy yielded stronger antitumor immune
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responses than homogeneous radiotherapy (16). I-125 radioactive
seed, which emits both X-rays and y-rays with a half-life of 59.4
days, provides sustained tumor antigen exposure. The gut
microbiota plays a critical role in modulating both innate and
adaptive immunity, as well as reshaping the TME—factors that
collectively influence immunotherapy efficacy (17). In a clinical
study comprising nivolumab + ipilimumab for advanced renal cell
carcinoma, the experimental group was only administered with
additional probiotics, which caused a significant fourfold increase in
progression-free survival (12.7 months versus 2.5 months, hazard
ratio 0.15, 95% confidence interval 0.05-0.47, P = 0.001) (18). Based
on these findings, we designed the present protocol. The
immunological mechanisms underlying this exceptional response
—specifically, that radiotherapy may have released heterogeneous
neoantigens and that probiotics may have modulated gut immunity
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TABLE 2 Timeline of diagnosis and treatment.

10.3389/fimmu.2025.1682148

Timeline ) Detail Duration
Occurrence
NEC (T4N1MI, Stage IV
2017-03 Definitive Diagnosis E’(i—67 éO%, CPS: 0, pi’IMR) - - -
2017-03-08 Chemotherapy Etoposide 100mg dl-?; + Cisplatin 30mg d1- Iweek 1 Fir;t]—;ine
Site: pancreatic lesion;
2017-03-16 SBRT Dose: 16 Gy/2 fl;actions (8 Gy per fraction) 2day !
2017-04-18 Probiotics Bifidobacterium triple viable 6g bid Continuous Continuous
2017-04-18 PD-1 Pembrolizumab 200 mg 1day 1/14
2017-05-10 PD-1 Pembrolizumab 200 mg 1day 2/14
2017-06-04 PD-1 Pembrolizumab 200 mg 1day 3/14
2017-06-26 PD-1 Pembrolizumab 200 mg 1day 4/14
Site: hepatic lesio, 36 seeds,
2017-06-29 1251 seeds acﬁv}i’ty: PP 1day 1
2017-07-18 PD-1 Pembrolizumab 200 mg 1day 5/14
2017-08-07 SBRT Dose: Zitgy%e?j:ztii:)lilz;l GP;I ;:rdfr;action) 3day ! C}I{ontinu'ous
egression
2017-08-11 PD-1 Pembrolizumab 200 mg 1day 6/14
2017-09-05 PD-1 Pembrolizumab 200 mg 1day 7/14
2017-09-27 PD-1 Pembrolizumab 200 mg 1day 8/14
2017-10-19 PD-1 Pembrolizumab 200 mg 1day 9/14
2017-11-10 PD-1 Pembrolizumab 200 mg 1day 10/14
2017-12-14 PD-1 Pembrolizumab 200 mg 1day 11/14
2017-12-29 PD-1 Pembrolizumab 200 mg 1day 12/14
2018-01-15 SBRT Dose: Zitzyrge?ri:ztiizilz]; GP;I ;:rdgaction) 3day !
2018-01-18 PD-1 Pembrolizumab 200 mg 1day 13/14
2018-02-02 PD-1 Pembrolizumab 200 mg 1day 14/14 CR

pNEC, pancreatic neuroendocrine carcinoma; SBRT, stereotactic body radiotherapy; PD, progressive disease; CR, complete response.

—must be considered speculative. Although these hypotheses are
plausible and supported in other malignancies, they require
rigorous validation in prospective studies.

The abscopal effect, a phenomenon of systemic tumor
regression induced by localized radiotherapy, represents a
promising avenue for enhancing antitumor immunity. However,
this effect in gastrointestinal neuroendocrine tumors (GI-NETs) has
not been well studied. It may be attributed to the generally low
immunogenicity of GI-NETs and their complex disease spectrum
(19, 20). Encouragingly, the underlying mechanisms of the abscopal
effect—including radiotherapy-induced antigen release and T-cell
priming—are broadly applicable (21). Moreover, clinical synergistic
effects between radiotherapy and ICIs observed in adjacent
gastrointestinal cancers (22) provide a rational basis for
investigating similar strategies in GI-NETs. Notably, combination
immunotherapy (e.g., ipilimumab/nivolumab) has shown

Frontiers in Immunology

substantial activity in high-grade GI-NETSs, underscoring the
potential for immune activation in a subset of patients (23).

This probiotic formulation consists of lyophilized live bacteria
of three species: Bifidobacterium longum, Lactobacillus bulgaricus,
and Streptococcus thermophilus. As this is an exploratory study, the
rationale for selecting this regimen is based on several
considerations: its putative immunomodulatory synergy,
established clinical accessibility, and palatability—a key factor for
ensuring long-term patient adherence. Growing evidence highlights
that the gut microbiome is a key regulator of response to ICIs and
enhances innate immunity (24-26). The core mechanistic driver
may be Bifidobacterium longum, which has been demonstrated to
directly enhance anti-tumor CD8+ T cell responses by activating
dendritic cells for superior antigen presentation and T cell priming
(27). Furthermore, clinical data link the abundance of B. longum
with favorable outcomes in melanoma patients receiving
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anti-PD-1 therapy (28). Lactobacillus bulgaricus generates an
exopolysaccharide (EPS-R1) that specifically increases CCR6+
CD8+ T cells. Following expansion in Peyer’s patches, these cells
migrate to the TME that expresses the cognate chemokine CCL20,
where they directly enhance anti-tumor activity. This mechanism
significantly augments the efficacy of ICIs (29, 30). Despite limited
direct evidence for Streptococcus thermophilus in ICI contexts, its
presence has been correlated with positive clinical responses in ICI-
treated patients (31), suggesting a potential role in maintaining a
favorable gut ecological niche. Collectively, this probiotic
formulation is postulated to work not as a simple aggregate but as
a synergistic consortium: B. longum serves as the primary engine for
direct T-cell activation, while L. bulgaricus and S. thermophilus
contribute to shaping a robust, systemically Th1-polarized immune
background. This multi-faceted immunomodulation, targeting both
the adaptive effector arm and the innate immune landscape,
provides a convincing mechanistic basis for the observed
enhanced efficacy of ICIs and warrants further clinical
investigation. The lack of standardization for the Bifidobacterium
triple viable protocol is a recognized limitation of this exploratory
research, highlighting the need for method optimization in future
studies. Notably, despite multiple studies on the synergistic effects
of probiotics with immunotherapy, current studies on
Bifidobacterium triple viable primarily focus on its role in
improving gastrointestinal functions in gastroenteritis, diarrhea,
and radiation-induced enteritis.

Following the successful diagnosis of advanced pNEC with Ki67
80%, the patient consulted multiple oncologists, all of whom
predicted a dismal survival rate. Interestingly, the patient
maintained the NED status (currently exceeding 7 years) and
achieved complete daily living ability after treatment. The patient,
who described her recovery as a miracle, generously consented to
share her medical records. This case prompted us to conduct an
exploratory retrospective study of EGFR/ALK wild-type, PD-L1-
negative metastatic NSCLC, and a prospective study of advanced
HCC. In these studies, promising outcomes were achieved with a
combination therapy comprising SBRT(8Gy*3f), PD-1 inhibitors,
and probiotics (32, 33). Nonetheless, the underlying mechanisms
remain unexplored, which presents a major limitation of our
current strategy and a critical direction for our future research.
Additionally, despite the promising efficacy of multimodal therapy
incorporating ICIs observed in this case and our studies, their broad
clinical application necessitates further validation through large-
scale, prospective randomized controlled trials and a deeper
exploration of the underlying mechanisms. In analyzing this case,
we observed memory immune responses post-treatment; however,
a key limitation of this case report is the absence of additional
pathological specimens, which were not documented at the time
(eight years prior), thereby precluding deeper exploration into the
underlying mechanisms of the observed therapeutic effect. Notably,
the proposed mechanism involving memory immune responses
remains hypothetical due to the lack of immunologic biomarker
data (e.g., lymphocyte subsets, cytokines, circulating tumor DNA)
during the follow-up period. This absence restricts our ability to
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fully elucidate the immunological mechanisms underlying the
observed remarkable response.

Conclusion

In the present case, we demonstrate that combining
immunotherapy with multi-site, multi-dose, and multi-type
radiotherapies, along with long-term probiotic supplementation, may
transform cold tumors into hot tumors in patients with advanced
PNEC. This strategy may activate the immune system, resulting not
only in complete remission but also memory immune responses, which
together contribute to sustained therapeutic benefits.

Data availability statement

The original contributions presented in the study are included
in the article/Supplementary Material. Further inquiries can be
directed to the corresponding author.

Ethics statement

Written informed consent was obtained from the individual(s)
for the publication of any potentially identifiable images or data
included in this article. Written informed consent was obtained from
the participant/patient(s) for the publication of this case report.

Author contributions

WE: Investigation, Writing - original draft, Writing — review &
editing, Resources, Methodology, Formal Analysis,
Conceptualization, Supervision. HX: Investigation, Formal
Analysis, Writing - original draft, Writing — review & editing.
YW: Methodology, Writing - review & editing, Writing — original
draft. HL: Writing - original draft, Writing - review & editing,
Resources. YP: Conceptualization, Writing - review & editing,
Writing - original draft, Supervision.

Funding

The author(s) declare that no financial support was received for
the research and/or publication of this article.

Conflict of interest

The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could be
construed as a potential conflict of interest.

frontiersin.org


https://doi.org/10.3389/fimmu.2025.1682148
https://www.frontiersin.org/journals/immunology
https://www.frontiersin.org

Fan et al.

Generative Al statement

The author(s) declare that no Generative Al was used in the
creation of this manuscript.

Any alternative text (alt text) provided alongside figures in this
article has been generated by Frontiers with the support of artificial
intelligence and reasonable efforts have been made to ensure
accuracy, including review by the authors wherever possible. If
you identify any issues, please contact us.

Publisher’s note

All claims expressed in this article are solely those of the authors
and do not necessarily represent those of their affiliated
organizations, or those of the publisher, the editors and the
reviewers. Any product that may be evaluated in this article, or

References

1. Schumacher TN, Schreiber RD. Neoantigens in cancer immunotherapy. Science.
(2015) 348:69-74. doi: 10.1126/science.aaa4971

2. Frizziero M, Kilgour E, Simpson KL, Rothwell DG, Moore DA, Frese KK, et al.
Expanding therapeutic opportunities for extrapulmonary neuroendocrine
carcinoma. Clin Cancer Res. (2022) 28:1999-2019. doi: 10.1158/1078-0432.CCR-
21-3058

3. Takagi K, Kamada T, Fuse Y, Kai W, Takahashi J, Nakashima K, et al. Nivolumab
in combination with radiotherapy for metastatic esophageal neuroendocrine carcinoma
after esophagectomy: a case report. Surg Case Rep. (2021) 7:221. doi: 10.1186/s40792-
021-01307-3

4. Qin Y, Yu M, Zhou L, Jiang L, Huang M. Durable response to combination
radiotherapy and immunotherapy in EP-resistant lung large-cell neuroendocrine
carcinoma with B2M and STK11 mutations: a case report. Immunotherapy. (2020)
12:223-7. doi: 10.2217/imt-2019-0166

5. Sharabi A, Kim SS, Kato S, Sanders PD, Patel SP, Sanghvi P, et al. Exceptional
response to nivolumab and stereotactic body radiation therapy (SBRT) in
neuroendocrine cervical carcinoma with high tumor mutational burden:
management considerations from the center for personalized cancer therapy at UC
san Diego Moores cancer center. Oncologist. (2017) 22:631-7. doi: 10.1634/
theoncologist.2016-0517

6. Jiang M, Shao L, Long Y, Sun J, Wei S. Meta-analysis of the efficacy and safety of
thoracic radiotherapy for extensive-stage small cell lung cancer in the era of
immunotherapy. Oncol Lett. (2025) 30:518. doi: 10.3892/01.2025.15264

7. Cai Z, Gu X, Xie J, Cheng D, Chen J, Cheng J, et al. Safety and efficacy of thoracic
radiotherapy combined with chemo-immunotherapy in patients with extensive-stage
small cell lung cancer: a multicenter retrospective analysis. Transl Lung Cancer Res.
(2023) 12:1987-2000. doi: 10.21037/tlcr-23-294

8. Cocito C, Branchtein M, Zhou XK, Gongora T, Dahmane N, Greenfield JP.
Single-dose radiotherapy is more effective than fractionation when combined with anti-
PD-1 immunotherapy in glioblastoma. Sci Rep. (2025) 15:22910. doi: 10.1038/s41598-
025-06909-7

9. Boustani J, Lecoester B, Baude J, Latour C, Adotevi O, Mirjolet C, et al. Anti-PD-
1/anti-PD-L1 drugs and radiation therapy: combinations and optimization strategies.
Cancers (Basel). (2021) 13:4893. doi: 10.3390/cancers13194893

10. Elkrief A, Pidgeon R, Maleki Vareki S, Messaoudene M, Castagner B, Routy B.
The gut microbiome as a target in cancer immunotherapy: opportunities and
challenges for drug development. Nat Rev Drug Discov. (2025) 24:685-704.
doi: 10.1038/s41573-025-01211-7

11. Bernstein MB, Krishnan S, Hodge JW, Chang JY. Immunotherapy and
stereotactic ablative radiotherapy (ISABR): a curative approach? Nat Rev Clin Oncol.
(2016) 13:516-24. doi: 10.1038/nrclinonc.2016.30

12. Morris ZS, Demaria S, Monjazeb AM, Formenti SC, Weichselbaum RR, Welsh J,
et al. Proceedings of the National Cancer Institute Workshop on combining
immunotherapy with radiotherapy: challenges and opportunities for clinical
translation. Lancet Oncol. (2025) 26:€152-70. doi: 10.1016/S1470-2045(24)00656-9

Frontiers in Immunology

10.3389/fimmu.2025.1682148

claim that may be made by its manufacturer, is not guaranteed or
endorsed by the publisher.

Supplementary material

The Supplementary Material for this article can be found online at:
https://www.frontiersin.org/articles/10.3389/fimmu.2025.1682148/
full#supplementary-material

SUPPLEMENTARY FIGURE 1
Delineation of gross tumor volume in pancreatic and lymph node metastases.

SUPPLEMENTARY FIGURE 2
Alterations in serial images in cervical lymphadenopathy, mediastinal
lymphadenopathy, pancreatic lesions, and hepatic metastases.

SUPPLEMENTARY FIGURE 3
Immunohistochemical characterization of cervical lymph node
biopsy specimens

13. Dewan MZ, Galloway AE, Kawashima N, Dewyngaert JK, Babb JS, Formenti SC,
et al. Fractionated but not single-dose radiotherapy induces an immune-mediated
abscopal effect when combined with anti-CTLA-4 antibody. Clin Cancer Res. (2009)
15:5379-88. doi: 10.1158/1078-0432.CCR-09-0265

14. Zhuang H. Abscopal effect of stereotactic radiotherapy combined with anti-PD-
1/PD-L1 immunotherapy: Mechanisms, clinical efficacy, and issues. Cancer Commun
(Lond). (2020) 40:649-54. doi: 10.1002/cac2.12111

15. Brooks ED, Chang JY. Time to abandon single-site irradiation for inducing
abscopal effects. Nat Rev Clin Oncol. (2019) 16:123-35. doi: 10.1038/s41571-018-0119-7

16. Jagodinsky JC, Vera JM, Jin W], Shea AG, Clark PA, Sriramaneni RN, et al.
Intratumoral radiation dose heterogeneity augments antitumor immunity in mice and
primes responses to checkpoint blockade. Sci Transl Med. (2024) 16:eadk0642.
doi: 10.1126/scitransimed.adk0642

17. Nobels A, van Marcke C, Jordan BF, Van Hul M, Cani PD. The gut microbiome
and cancer: from tumorigenesis to therapy. Nat Metab. (2025) 7:895-917. doi: 10.1038/
§42255-025-01287-w

18. Dizman N, Meza L, Bergerot P, Alcantara M, Dorff T, Lyou Y, et al. Nivolumab
plus ipilimumab with or without live bacterial supplementation in metastatic renal cell
carcinoma: a randomized phase 1 trial. Nat Med. (2022) 28:704-12. doi: 10.1038/
541591-022-01694-6

19. Fottner C, Apostolidis L, Krug S, Rinke A, Griin B, Michl P, et al. Activity and
safety of avelumab in high-grade neuroendocrine tumors and poorly differentiated
neuroendocrine carcinomas progressive after chemotherapy (AveNEC trial). Clin
Cancer Res. (2025) 31:860-7. doi: 10.1158/1078-0432.CCR-24-2461

20. Sedlack AJH, Varghese DG, Naimian A, Yazdian Anari P, Bodei L, Hallet J, et al.
Update in the management of gastroenteropancreatic neuroendocrine tumors. Cancer.
(2024) 130:3090-105. doi: 10.1002/cncr.35463

21. Lynch C, Pitroda SP, Weichselbaum RR. Radiotherapy, immunity, and immune
checkpoint inhibitors. Lancet Oncol. (2024) 25:€352-62. doi: 10.1016/S1470-2045(24)
00075-5

22. Mimura K, Ogata T, Yoshimoto Y, Yoshida D, Nakajima S, Sato H, et al. Phase I/
IT clinical trial of nivolumab in combination with oligo-fractionated irradiation for
unresectable advanced or recurrent gastric cancer. Commun Med (Lond). (2023) 3:111.
doi: 10.1038/543856-023-00343-4

23. Patel SP, Othus M, Chae YK, Giles FJ, Hansel DE, Singh PP, et al. A phase II
basket trial of dual anti-CTLA-4 and anti-PD-1 blockade in rare tumors (DART
SWOG 1609) in patients with nonpancreatic neuroendocrine tumors. Clin Cancer Res.
(2020) 26:2290-6. doi: 10.1158/1078-0432.CCR-19-3356

24. Lu Y, Yuan X, Wang M, He Z, Li H, Wang J, et al. Gut microbiota influence
immunotherapy responses: mechanisms and therapeutic strategies. ] Hematol Oncol.
(2022) 15:47. doi: 10.1186/5s13045-022-01273-9

25. Makino S, Tkegami S, Kano H, Sashihara T, Sugano H, Horiuchi H, et al.
Immunomodulatory effects of polysaccharides produced by Lactobacillus delbrueckii
ssp. bulgaricus OLL1073R-1. J Dairy Sci. (2006) 89:2873-81. doi: 10.3168/jds.S0022-
0302(06)72560-7

frontiersin.org


https://www.frontiersin.org/articles/10.3389/fimmu.2025.1682148/full#supplementary-material
https://www.frontiersin.org/articles/10.3389/fimmu.2025.1682148/full#supplementary-material
https://doi.org/10.1126/science.aaa4971
https://doi.org/10.1158/1078-0432.CCR-21-3058
https://doi.org/10.1158/1078-0432.CCR-21-3058
https://doi.org/10.1186/s40792-021-01307-3
https://doi.org/10.1186/s40792-021-01307-3
https://doi.org/10.2217/imt-2019-0166
https://doi.org/10.1634/theoncologist.2016-0517
https://doi.org/10.1634/theoncologist.2016-0517
https://doi.org/10.3892/ol.2025.15264
https://doi.org/10.21037/tlcr-23-294
https://doi.org/10.1038/s41598-025-06909-7
https://doi.org/10.1038/s41598-025-06909-7
https://doi.org/10.3390/cancers13194893
https://doi.org/10.1038/s41573-025-01211-7
https://doi.org/10.1038/nrclinonc.2016.30
https://doi.org/10.1016/S1470-2045(24)00656-9
https://doi.org/10.1158/1078-0432.CCR-09-0265
https://doi.org/10.1002/cac2.12111
https://doi.org/10.1038/s41571-018-0119-7
https://doi.org/10.1126/scitranslmed.adk0642
https://doi.org/10.1038/s42255-025-01287-w
https://doi.org/10.1038/s42255-025-01287-w
https://doi.org/10.1038/s41591-022-01694-6
https://doi.org/10.1038/s41591-022-01694-6
https://doi.org/10.1158/1078-0432.CCR-24-2461
https://doi.org/10.1002/cncr.35463
https://doi.org/10.1016/S1470-2045(24)00075-5
https://doi.org/10.1016/S1470-2045(24)00075-5
https://doi.org/10.1038/s43856-023-00343-4
https://doi.org/10.1158/1078-0432.CCR-19-3356
https://doi.org/10.1186/s13045-022-01273-9
https://doi.org/10.3168/jds.S0022-0302(06)72560-7
https://doi.org/10.3168/jds.S0022-0302(06)72560-7
https://doi.org/10.3389/fimmu.2025.1682148
https://www.frontiersin.org/journals/immunology
https://www.frontiersin.org

Fan et al.

26. Zhang Q, Hu J, Feng JW, Hu XT, Wang T, Gong WX, et al. Influenza infection
elicits an expansion of gut population of endogenous Bifidobacterium animalis which
protects mice against infection. Genome Biol. (2020) 21:99. doi: 10.1186/s13059-020-
02007-1

27. Preet R, Islam MA, Shim J, Rajendran G, Mitra A, Vishwakarma V, et al. Gut
commensal Bifidobacterium-derived extracellular vesicles modulate the therapeutic
effects of anti-PD-1 in lung cancer. Nat Commun. (2025) 16:3500. doi: 10.1038/s41467-
025-58553-4

28. Matson V, Fessler ], Bao R, Chongsuwat T, Zha Y, Alegre ML, et al. The
commensal microbiome is associated with anti-PD-1 efficacy in metastatic melanoma
patients. Science. (2018) 359:104-8. doi: 10.1126/science.aa03290

29. Kawanabe-Matsuda H, Takeda K, Nakamura M, Makino S, Karasaki T, Kakimi
K, et al. Dietary lactobacillus-derived exopolysaccharide enhances immune-checkpoint
blockade therapy. Cancer Discov. (2022) 12:1336-55. doi: 10.1158/2159-8290.CD-21-
0929

Frontiers in Immunology

08

10.3389/fimmu.2025.1682148

30. Di Luccia B, Colonna M. Precision probiotic medicine to improve ICB
immunotherapy. Cancer Discov. (2022) 12:1189-90. doi: 10.1158/2159-8290.CD-22-
0221

31. Pallozzi M, Di Tommaso N, Maccauro V, Santopaolo F, Gasbarrini A, Ponziani
FR, et al. Non-invasive biomarkers for immunotherapy in patients with hepatocellular
carcinoma: current knowledge and future perspectives. Cancers (Basel). (2022) 14:4631.
doi: 10.3390/cancers14194631

32. Chen ], Wang J, Fang W, Wu Y, Li H, Xu H, et al. BRICS sequential therapeutic
regimen as first-Line treatment for PD-L1-negative metastatic non-small cell lung
cancer patients harboring EGFR/ALK wild-type status: a retrospective study. Front
Immunol. (2025) 16:1618110. doi: 10.3389/fimmu.2025.1618110

33. Chen Y, Hong H, Fang W, Zhang X, Luo H, Chen Z, et al. Toripalimab in
combination with Anlotinib for unresectable hepatocellular carcinoma after SBRT: A
prospective, single-arm, single-center clinical study. Front Oncol. (2023) 13:1113389.
doi: 10.3389/fonc.2023.1113389

frontiersin.org


https://doi.org/10.1186/s13059-020-02007-1
https://doi.org/10.1186/s13059-020-02007-1
https://doi.org/10.1038/s41467-025-58553-4
https://doi.org/10.1038/s41467-025-58553-4
https://doi.org/10.1126/science.aao3290
https://doi.org/10.1158/2159-8290.CD-21-0929
https://doi.org/10.1158/2159-8290.CD-21-0929
https://doi.org/10.1158/2159-8290.CD-22-0221
https://doi.org/10.1158/2159-8290.CD-22-0221
https://doi.org/10.3390/cancers14194631
https://doi.org/10.3389/fimmu.2025.1618110
https://doi.org/10.3389/fonc.2023.1113389
https://doi.org/10.3389/fimmu.2025.1682148
https://www.frontiersin.org/journals/immunology
https://www.frontiersin.org

	A case report of advanced pancreatic neuroendocrine carcinoma with Ki67 80%, CPS 0, and pMMR achieving durable complete response for over 7 years after combination immunotherapy
	Introduction
	Case presentation
	Discussion
	Conclusion
	Data availability statement
	Ethics statement
	Author contributions
	Funding
	Conflict of interest
	Generative AI statement
	Publisher’s note
	Supplementary material
	References


