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Background: Hepatocellular carcinoma (HCC) is one of the prevalent tumors
worldwide, posing a global healthcare threat. The existing treatment options for
large HCC have poor therapeutic effects and are prone to drug resistance.
Spatially fractionated radiation therapy (SFRT) is a highly precise radiotherapy
technique that delivers a concentrated high dose of radiation to a well-defined
tumor target while minimizing radiation exposure to the surrounding normal
tissues. SFRT specially delivers a non-uniform radiation dose to the target area
instead of a homogeneous dose throughout the tumor volume. This steep dose
gradient within the targeted tumor could increase the immune-rich infiltrate
within the tumor, thus enhancing the efficacy of immunotherapy.

Case report: A 22-year-old man was diagnosed with large HCC, classified as
Barcelona Clinic Liver Cancer (BCLC) stage C. The patient received first-line
systemic treatment with bevacizumab and atezolizumab, followed by
locoregional therapy with hepatic arterial infusion chemotherapy (HAIC). The
tumor rapidly grew over the next 2 months. Subsequently, the patient underwent
SFRT combined with anti-PD1/CTLA4 (anti-programmed death 1/anti-cytotoxic
T-lymphocyte antigen-4) immunotherapy and anti-angiogenesis treatment.
SFRT was administered using volumetric modulated arc therapy, delivering
26.68 Gy in two fractions every other day to the high-dose spheres and 8 Gy
in two fractions to the targeted tumor. The tumor regressed nearly 40% over 2
months after the treatment, without significant treatment-related side effects
(grade 3 or 4 acute and subacute toxicities) observed during the subsequent
follow-up exams.

Conclusion: SFRT combined with immunotherapy is a promising strategy for
large HCC.

HCC, SFRT, immunotherapy, case report, combination (combined) therapy
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Introduction

Hepatocellular carcinoma (HCC) is one of the most commonly
diagnosed cancers worldwide and represents a major global healthcare
challenge (1). Patients with HCC have a variety of treatment options,
including liver transplantation, surgical resection, percutaneous
ablation, and radiation, as well as transarterial and systemic therapies
(1). With the development of immune checkpoint inhibitors (ICIs),
anti-vascular endothelial growth factor (VEGF) monoclonal antibodies,
and multi-targeted tyrosine kinase inhibitors (TKIs), the therapeutic
options for advanced HCC are more diverse than ever (2). Despite
continued progress in first-line treatments, the presence of
immunosuppressive properties within the tumoral microenvironment
and drug resistance make the treatment of HCC in the late stage
extremely challenging. Therefore, the management of patients with
HCC who had experienced treatment failure with immunotherapy and
multi-targeted inhibitors has become an emerging issue in clinical
practice. Spatially fractionated radiation therapy (SFRT) could be an
effective treatment for advanced bulky liver cancer, given the bulky
tumor burden and the suboptimal local control rates despite radiation
therapy (RT) dose escalation. SFRT is a non-uniform dose distribution
technique. It divides the treatment volume into partial sub-volumes,
with high and low doses alternated among the sub-volumes. The SFRT
technique includes both grid and lattice modalities, which uses image
guidance techniques to localize the position and the direction of the
radiation beam in order to produce alternating distributions of the
high-dose (peak) and low-dose (valley) zones (3). SFRT plays an
important role in the treatment of bulky primary and metastatic
malignancies, demonstrating high clinical response rates and minimal
toxicity (4). Among the metastatic malignancies treated with palliative
intent, metastases to the lymph nodes, intra-abdominal structures, and
the lung are the most common and treated by over half of responders.
Among the bulky primary tumor sites treated with curative intent, head
and neck cancers, primary lung cancer, soft tissue sarcomas, primary
cervical cancer, osteosarcomas, liposarcomas, and melanomas prevail
(5, 6). The biological basis of SFRT is not quite clear. It is hypothesized
to be related to a variety of factors, including the dose-volume effects,
the radiation-induced bystander effects, the microvascular effects, and
immunomodulation (7-14).

In this study, we present, based on the CARE guidelines (15), the
case of a 22-year-old male patient with a bulky HCC (>10 cm) who
received SFRT using volume intensity modulated radiotherapy
(volumetric modulated arc therapy, VMAT)-based simultaneous
integrated boost (SIB) after failure of the first-line targeted and
immunotherapy combined with locoregional therapy, hepatic arterial
infusion chemotherapy (HAIC). Subsequent to SFRT, from September
2024, the patient continued to receive dual immunotherapy combined
with targeted therapy, including cadonilimab and lenvatinib.

Case report
Case description
A 22-year-old man, with no medical and family history,

presented with an Eastern Cooperative Oncology Group
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performance status of 1 and preserved hepatic function (Child-
Pugh class A). The patient reported progressive right lower
quadrant abdominal pain beginning in July 2024. The laboratory
test results showed positive hepatitis B surface antigen, elevated
hepatitis B virus (HBV) DNA, and a markedly increased serum level
of alpha-fetoprotein (AFP; 1,042,455.50 ng/ml), as well as abnormal
prothrombin (>300,000.00 mAU/ml). A contrast-enhanced
magnetic resonance imaging (CE-MRI) performed in mid-July
2024 revealed maximum axial dimensions of 12.8 cm X 7.0 cm
(Figure 1A) at the right lobe of the liver. It also revealed cancerous
thrombosis of the right main trunk of the portal vein and its
multiple branches, as well as the left main trunk of the portal
vein. The patient was clinically diagnosed with HCC, classified as
Barcelona Clinic Liver Cancer (BCLC) stage C.

Treatment

The patient received initial treatment, from July to August 2024,
with two cycles of bevacizumab (15 mg kg™' day™', intravenous
infusion) and atezolizumab (1,200 mg/day, intravenous infusion),
followed by two cycles of RALOX-HAIC treatment, which adopted
oxaliplatin (160 mg/day i.a.) and ramucirumab (4.8 mg/day ia.).
The patient was also initiated on antiviral therapy with entecavir
(0.5 mg/day) since July 2024 for the management of chronic
hepatitis B. After the initial treatment, a new liver CE-MRI at the
end of September 2024 demonstrated maximum axial dimensions
of 16.5 cm x 8.0 cm (Figure 1B) for the masses and nodules in the
right hepatic lobe, which were larger and more numerous than
before, and multiple branch thrombus formation in the main trunk
and the left and right branches of the portal vein.

Imaging indicated disease progression. Lattice SFRT followed
by dual immunotherapy and targeted therapy were recommended
to the patient after multidisciplinary review.

The patient underwent a planning CT scan with contrast when
a 4D-CT and an end-exhale breath-hold image were acquired. All
visually identifiable gross disease was included in the gross tumor
volume (GTV) (GTV_2000). A 0.5-cm isotropic expansion was
used to create the planning target volume (PTV_2000), which was
planned to receive 2,000 cGy in five fractions (EDQ2 = 23.3 Gy). A
total of 14 “spheres” with a diameter of 1.5 cm were delineated and
regularly placed inside the GTV to create the lattice vertices inside
the PTV, providing inhomogeneity within the tumor. Among them,
12 were nearly intact, while the remaining two were only minimally
present. Their center-to-center distance and the successive axial
planes of the spheres were 6.0 cm and 3.0 cm, respectively. The
volume of these spheres was defined as PTV_6670 and was dosed at
1,334 cGy per fraction, with a total of five fractions (EQD2 = 129.7
Gy) (Figures 1D-G). The volume of PTV_2000 was 1,639.97 cm”,
while that of PTV_6670 was 19.64 cm’. Lattice stereotactic body
radiation therapy (SBRT) sessions were conducted on alternate
days, and a cone-beam CT (CBCT) was obtained immediately
before treatment to verify tumor positioning.

In addition, any PTV_6670 vertices located within 1.5 cm of the
organs at risk (OARs) were completely removed to limit the dose to
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FIGURE 1

Abdominal magnetic resonance imaging. (A) In July 2024, before first-line treatment. (B) In September 2024, before spatially fractionated radiation
therapy (SFRT). (C) In December, 2024, 1 month after SFRT. (D—G) Figures showing the sphere disposition in the target lesion of the hepatocellular
carcinoma (HCC) patient and its associated dose—volume histogram (DVH) over the entire treatment course (five fractions). The PTV_6670 volume is
delineated in magenta, while that of PTV_2000 is delineated in blue. (H, 1) Alteration of the serum level of alpha-fetoprotein (AFP) (H) and abnormal
prothrombin (I).

normal tissue given any uncertainties at the time of treatment. The  offractions (two to five) administered to the patient were dependent
planning directives adhered to OAR constraints consistent with the  on factors such as the performance status, the blood test results, and
five-fraction SBRT guidelines published in the American  the image sharpness of the CBCT. Eventually, the patient only
Association of Physicists in Medicine (AAPM) Task Group 101  completed two fractions of SFRT as originally planned from
(16). All OAR planning objectives were met (Table 1). The number ~ October 8 to 10, 2024.
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TABLE 1 Total dose constraints over the entire treatment course (five
fractions) for selected critical organs at risk.

Variable Actual value Dose constraints
Spinal cord Diax = 1251 Gy Diax < 30 Gy
Great vessels Dyax = 27.52 Gy Dinax < 53 Gy
Esophagus Dinax = 4.88 Gy Dinax < 35 Gy
Stomach Diax = 22.02 Gy Dinax < 32 Gy
Duodenum Diax = 16.72 Gy Dinax < 32 Gy
Jejunum and ileum Diax = 23.35 Gy Diyax < 35 Gy
Colon Dinax = 24.25 Gy Dinax < 38 Gy
Liver Total volume = 504.5 cc v 5 700 cc

V <21 Gy = 504.5 cc <2 Gy
i Total volume = 200.0 cc
Left kidney V <175 gy > 200 cc
V <175 gy = 200.0 cc
X . Total volume = 177.8 cc
Right kidney V<175 gy > 200 cc

V<irsay=1775cc

The treatment plan was implemented utilizing an Elekta
Infinity linear accelerator. Upon finalization of the lattice SBRT
contouring and treatment planning through the MONACO
treatment planning system (version 6.0), the integrity and the
deliverability of the plan were rigorously assessed in accordance
with the standard clinical SBRT QA protocol, which involved
reviews by both physicians and physicists.

The patient reported good tolerance of the treatment without
significant adverse effects related to radiation. Subsequently, the patient
received sequential dual immunotherapy combined with targeted
therapy, which included cadonilimab (500 mg/day, intravenous
infusion) and lenvatinib (8 mg/day, orally) for six cycles after SFRT,
from September 26 to April 3, 2025. During this treatment course, the
patient underwent transarterial radioembolization (TARE) with
yttrium-90 (Y90) on January 16, 2025.

Imaging re-evaluation on March 7, 2025, demonstrated that
some of the intrahepatic lesions had enlarged (maximum axial
dimensions of 12 cm x 7 cm) and increased significantly in number,
indicating disease progression. Given the patient’s concomitant
hepatic decompensation (Child-Pugh class B), intensive systemic
therapy was not recommended. Accordingly, the regimen was
modified to two cycles of regorafenib combined with cadonilimab
from April to May 2025.

@
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The key time points of the patient’s treatment course are
summarized in Figure 2.

Outcomes

AFP and abnormal prothrombin (PIVKA-II) are critical
biomarkers in HCC, aiding in the diagnosis, monitoring the
treatment response, and predicting prognosis due to their strong
correlation with tumor burden and biological aggressiveness. The
serum levels of AFP and PIVKA-II decreased rapidly within 2
months after SFRT (Figures 1H, I). In addition, under the
background of anti-PD1/CTLA4 (anti-programmed death 1/anti-
cytotoxic T-lymphocyte antigen-4) and anti-angiogenesis
treatment, the tumor regressed nearly 40% (11.2 cm x 7.1 cm)
over 2 months after SFRT (Figure 1C). A re-evaluation CE-MRI on
March 22, 2025, at 5 months post-SFRT showed that the
intrahepatic lesions had enlarged and increased in number,
indicating disease progression. Regrettably, the patient finally
succumbed to the disease 9 months after SFRT (July 11, 2025).
The patient’s progression-free survival (PES) after SFRT was 5
months, and his overall survival (OS) was 1 year.

Discussion

This case describes the adaptive management of advanced HCC
in a young patient and the potential of the combination of salvage
SFRT and immunotherapy in reversing tumor progression. The
SERT was designed to enable dose escalation within the GTV while
limiting the dose to the surrounding OARs. We did not expect late
significant side effects since the dose constraints were followed
using an EQD2 dose summation despite the short follow-up.

In the landmark IMbravel50 trial, the combination therapy of
atezolizumab plus bevacizumab delivered an overall response rate
(ORR) of 29.8% and a 5.8-month survival benefit over sorafenib in
patients with unresectable HCC (17). This trial ushers in a new era
of ICI treatment for HCC. Nonetheless, patients with HCC still have
poor prognosis due to tumoral heterogeneity, drug resistance, and
the immunosuppressive microenvironment.

It has been proven that radiotherapy can achieve radiation-
mediated immune activation through pro-inflammatory cytokines
and the engagement of the innate and adaptive immunity for

hepatic arterial
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Treatment timeline of the patient with advanced bulky hepatocellular carcinoma (HCC).
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immunogenic tumors (18-20). SBRT has gradually become an
alternative treatment option for unresectable HCC. A series of
case reports demonstrated impressive tumor control from the
combination of SBRT and checkpoint inhibitors, as well as anti-
angiogenesis drugs, in patients with large tumors of advanced HCC
(21, 22). Furthermore, another case report suggested that
combining immunotherapy with bevacizumab post-SBRT could
evoke an abscopal effect in a case of HCC (23).

However, both conventional and ablative radiation regimens
homogeneously target the tumor with an additional margin, which
leads to the decrease of the majority of circulating naive T cells at
critical points of cross-presentation, as well as increasing toxicity to the
surrounding normal organs (24). It is useless in anti-immune response.

SERT, a novel radiation technique, could limit the ablative doses
to tumor sub-volumes, resulting in a highly heterogeneous dose
deposition within the tumor. This peak-and-valley distribution of
SFRT might increase the immune-rich infiltrate within the targeted
tumor, leading to enhanced antigen presentation and activated T
cells (7, 25-29). The combination therapy could reprogram the
immunosuppressive tumor microenvironment to making it more
immunogenic and synergistically augment the antitumor response.
Thus, coupling SFRT with ICIs is a reasonable promising strategy
for immunogenic tumors.

It is worth noting that the combination of PD1-PDL1 inhibitors
and CTLA4 inhibitors remains in the mainstream of HCC
immunotherapy clinical trials. Mechanistically, PD1-PDLI
inhibition augments the antitumor activity of effector T cells,
while CTLA4 inhibition can increase the infiltration of CD4" and
CD8" T cells within the tumor (30, 31). Based on these findings, in
this case, we chose an anti-PD-1/CTLA-4 antibody (cadonilimab)
followed by SFRT to enhance the immune response.

In this reported case, the patient was finally administered 2,668
cGy in two fractions to PTV_6670 and 800 cGy in two fractions to
PTV_2000. This fractionation scheme was determined based on the
following considerations. Firstly, the uninvolved hepatic parenchyma
of the patient was only 504.5 cc, and the blood test showed that the
patient had abnormal liver function (AST > 10*ULN) prior to and
during the course of radiotherapy. Secondly, the precision of CBCT is
unsatisfactory for abdominal organs. Thirdly, the optimal SFRT dose
for triggering systemic immune effects has not yet been established.
Finally, our center had a relatively limited experience in the design
and delivery of SFRT regimens for complex hepatic lesions,
particularly in patients with compromised liver function. Thus,
reducing the fraction and the dose of SFRT could be a reasonable
and safe option for patients. Using MRI to guide lattice SBRT might
be a promising treatment option for patients with abdominal disease.

It should be noted that we recommended that the patient
complete the subsequent SFRT after observing its encouraging
efficacy in December. The patient declined this therapeutic
regimen and opted instead for segmental TARE with Y90. It has
been reported in the literature that SBRT following TARE appeared
to be effective and have acceptable tolerability (32). However,
experience of combining SFRT with Y90 TARE remains limited.
The treatment modality of SFRT combined with TARE requires
heightened caution in subsequent clinical attempts.
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This case initially adopts the SFRT technique to treat bulky
HCC. Although SFRT combined with immunotherapy has shown
potential for the treatment of large HCC, there is a lack of
prospective multicenter clinical trials. The SFRT technology and
dosimetric parameters remain diverse, and consensus on the dose
prescription and technology management is required. The optimal
timing and sequencing of the combination of SFRT and
immunotherapy is not yet clear. Specific biomarkers for SFRT
combination immunotherapy need to be further explored.

Conclusion

Overall, SFRT combined with immunotherapy is a promising
approach for the treatment of large HCC. Nevertheless, further
research is required to optimize treatment regimens, reduce adverse
effects, and determine the optimum combination modality.

Data availability statement

The raw data supporting the conclusions of this article will be
made available by the authors, without undue reservation.

Ethics statement

The studies involving humans were approved by Informed
Consent Form for the Collection of Biological Samples and Related
Data at Sir Run Run Shaw Hospital Affiliated to Zhejiang University
School of Medicine. The studies were conducted in accordance with
the local legislation and institutional requirements. The participants
provided their written informed consent to participate in this study.
Written informed consent was obtained from the individual(s) for the
publication of any potentially identifiable images or data included in
this article.

Author contributions

JH: Data curation, Formal analysis, Investigation, Methodology,
Visualization, Writing - original draft, Conceptualization. YJ:
Supervision, Validation, Writing - review & editing. MW:
Investigation, Writing - review & editing. YP: Investigation,
Resources, Validation, Writing — original draft. SW: Data curation,
Resources, Validation, Writing — original draft. XX: Conceptualization,
Supervision, Validation, Writing - review & editing. ZW:
Methodology, Project administration, Writing - original draft. XS:
Conceptualization, Methodology, Project administration, Resources,
Supervision, Validation, Writing — review & editing.

Funding

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

frontiersin.org


https://doi.org/10.3389/fonc.2025.1591424
https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org

Hu et al.

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.

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

References

1. Ettorre GM ed. Hepatocellular carcinoma. Ist ed. Cham: Springer International
Publishing (2023). p. 1.

2. Dong H, Zhang Z, Ni M, Xu X, Luo Y, Wang Y, et al. The trend of the treatment of
advanced hepatocellular carcinoma: combination of immunotherapy and targeted
therapy. Curr Treat Options Oncol. (2024) 25:1239-56. doi: 10.1007/s11864-024-01246-9

3. Griffin RJ, Ahmed MM, Amendola B, Belyakov O, Bentzen SM, Butterworth KT,
et al. Understanding high-dose, ultra-high dose rate, and spatially fractionated radiation
therapy. Int ] Radiat Oncol. (2020) 107:766-78. doi: 10.1016/j.ijrobp.2020.03.028

4. Yan W, Khan MK, Wu X, Simone CB, Fan J, Gressen E, et al. Spatially
fractionated radiation therapy: History, present and the future. Clin Transl Radiat
Oncol. (2020) 20:30-8. doi: 10.1016/j.ctro.2019.10.004

5. Mayr NA, Mohiuddin M, Snider JW, Zhang H, Griffin R], Amendola BE, et al.
Practice patterns of spatially fractionated radiation therapy: A clinical practice survey.
Adv Radiat Oncol. (2024) 9:101308. doi: 10.1016/j.adro.2023.101308

6. Mali SB. Mini review of spatially fractionated radiation therapy for cancer
management. Oral Oncol Rep. (2024) 9:100175. doi: 10.1016/j.00r.2024.100175

7. Lukas L. Immune priming with spatially fractionated radiation therapy. Curr
Oncol Rep. (2023) 25:1483-96. doi: 10.1007/s11912-023-01473-7

8. Moghaddasi L, Reid P, Bezak E, Marcu LG. Radiobiological and treatment-related
aspects of spatially fractionated radiotherapy. Int J Mol Sci. (2022) 23:3366.
doi: 10.3390/ijms23063366

9. Reaz F, Traneus E, Bassler N. Tuning spatially fractionated radiotherapy dose
profiles using the moire effect. Sci Rep. (2024) 14:8468. doi: 10.1038/s41598-024-55104-7

10. Billena C, Khan AJ. A current review of spatial fractionation: back to the future?
Int ] Radiat Oncol. (2019) 104:177-87. doi: 10.1016/j.ijrobp.2019.01.073

11. Fontanella AN, Boss MK, Hadsell M, Zhang J, Schroeder T, Berman KG, et al.
Effects of high-dose microbeam irradiation on tumor microvascular function and
angiogenesis. Radiat Res. (2015) 183:147. doi: 10.1667/RR13712.1

12. Bouchet A, Serduc R, Laissue JA, Djonov V. Effects of microbeam radiation
therapy on normal and tumoral blood vessels. Phys Med PM Int ] Devoted Appl Phys
Med Biol Off ] Ital Assoc BioMed Phys AIFB. (2015) 31:634-41.

13. Kanagavelu S, Gupta S, Wu X, Philip S, Wattenberg MM, Hodge JW, et al. In
vivo effects of lattice radiation therapy on local and distant lung cancer: potential role of
immunomodulation. Radiat Res. (2014) 182:149-62. doi: 10.1667/RR3819.1

14. Asur RS, Sharma S, Chang CW, Penagaricano J, Kommuru IM, Moros EG, et al.
Spatially fractionated radiation induces cytotoxicity and changes in gene expression in
bystander and radiation adjacent murine carcinoma cells. Radiat Res. (2012) 177:751-
65. doi: 10.1667/RR2780.1

15. Riley DS, Barber MS, Kienle GS, Aronson JK, Von Schoen-Angerer T, Tugwell P,
et al. CARE guidelines for case reports: explanation and elaboration document. J Clin
Epidemiol. (2017) 89:218-35.

16. Benedict SH, Yenice KM, Followill D, Galvin JM, Hinson W, Kavanagh B, et al.
Stereotactic body radiation therapy: The report of AAPM Task Group 101. Med Phys.
(2010) 37:4078-101. doi: 10.1118/1.3438081

17. Lee MS, Ryoo BY, Hsu CH, Numata K, Stein S, Verret W, et al. Atezolizumab
with or without bevacizumab in unresectable hepatocellular carcinoma (GO30140): an
open-label, multicentre, phase 1b study. Lancet Oncol. (2020) 21:808-20. doi: 10.1016/
$1470-2045(20)30156-X

18. Zhang Z, Liu X, Chen D, Yu J. Radiotherapy combined with immunotherapy: the
dawn of cancer treatment. Signal Transduct Target Ther. (2022) 7:258. doi: 10.1038/
541392-022-01102-y

Frontiers in Oncology

10.3389/fonc.2025.1591424

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

19. Huang RX, Zhou PK. DNA damage response signaling pathways and targets for
radiotherapy sensitization in cancer. Signal Transduct Target Ther. (2020) 5:60.
doi: 10.1038/s41392-020-0150-x

20. McLaughlin M, Patin EC, Pedersen M, Wilkins A, Dillon MT, Melcher AA, et al.
Inflammatory microenvironment remodelling by tumour cells after radiotherapy. Nat
Rev Cancer. (2020) 20:203-17.

21. Chiang CL, Chan ACY, Chiu KWH, Kong FMS. Combined stereotactic body
radiotherapy and checkpoint inhibition in unresectable hepatocellular carcinoma: A
potential synergistic treatment strategy. Front Oncol. (2019) 9:1157. doi: 10.3389/
fonc.2019.01157

22. Bidarmaghz B, Idrees M, Lee YY, Hodgkinson P. Large hepatocellular carcinoma
treated with sequential SBRT and immunotherapy with anti-VEGF (Vascular
Endothelial Growth Factor) therapy. BMJ Case Rep. (2023) 16:€256931. doi: 10.1136/
ber-2023-256931

23. Nakabori T, Ikawa T, Kozumi K, Urabe M, Kai Y, Takada R, et al. Abscopal effect
in a patient with advanced hepatocellular carcinoma upon resuming bevacizumab in
combination with atezolizumab after radiotherapy. Clin | Gastroenterol. (2024)
17:1053-7. doi: 10.1007/s12328-024-02030-w

24. Dutt S, Ahmed MM, Loo BW, Strober S. Novel radiation therapy paradigms and
immunomodulation: heresies and hope. Semin Radiat Oncol. (2020) 30:194-200.
doi: 10.1016/j.semradonc.2019.12.006

25. Lu Q, Yan W, Zhu A, Tubin S, Mourad WF, Yang J. Combining spatially
fractionated radiation therapy (SFRT) and immunotherapy opens new rays of hope for
enhancing therapeutic ratio. Clin Transl Radiat Oncol. (2024) 44:100691. doi: 10.1016/
j.ctro.2023.100691

26. Klug F, Prakash H, Huber PE, Seibel T, Bender N, Halama N, et al. Low-dose
irradiation programs macrophage differentiation to an iNOS*/M1 phenotype that
orchestrates effective T cell immunotherapy. Cancer Cell. (2013) 24:589-602.
doi: 10.1016/j.ccr.2013.09.014

27. Johnsrud AJ, Jenkins SV, Jamshidi-Parsian A, Quick CM, Galhardo EP, Dings
RPM, et al. Evidence for early stage anti-tumor immunity elicited by spatially
fractionated radiotherapy-immunotherapy combinations. Radiat Res. (2020)
194:688-97. doi: 10.1667/RADE-20-00065.1

28. 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 Off ] Am
Assoc Cancer Res. (2009) 15:5379-88. doi: 10.1158/1078-0432.CCR-09-0265

29. Savage T, Pandey S, Guha C. Postablation Modulation after Single High-Dose
Radiation Therapy Improves Tumor Control via Enhanced Immunomodulation. Clin
Cancer Res Off ] Am Assoc Cancer Res. (2020) 26:910-21. doi: 10.1158/1078-0432.CCR-
18-3518

30. Sharma A, Subudhi SK, Blando ], Vence L, Wargo J, Allison JP, et al. Anti-
CTLA-4 immunotherapy does not deplete FOXP3+ Regulatory T cells (Tregs) in
human cancers-response. Clin Cancer Res Off ] Am Assoc Cancer Res. (2019) 25:3469—
70. doi: 10.1158/1078-0432.CCR-19-0402

31. Iwai Y, Ishida M, Tanaka Y, Okazaki T, Honjo T, Minato N. Involvement of PD-
L1 on tumor cells in the escape from host immune system and tumor immunotherapy
by PD-L1 blockade. Proc Natl Acad Sci U S A. (2002) 99:12293-7.

32. Hardy-Abeloos C, Lazarev S, Ru M, Kim E, Fischman A, Moshier E, et al. Safety
and efficacy of liver stereotactic body radiation therapy for hepatocellular carcinoma
after segmental transarterial radioembolization. Int | Radiat Oncol Biol Phys. (2019)
105:968-76. doi: 10.1016/j.ijrobp.2019.09.006

frontiersin.org


https://doi.org/10.1007/s11864-024-01246-9
https://doi.org/10.1016/j.ijrobp.2020.03.028
https://doi.org/10.1016/j.ctro.2019.10.004
https://doi.org/10.1016/j.adro.2023.101308
https://doi.org/10.1016/j.oor.2024.100175
https://doi.org/10.1007/s11912-023-01473-7
https://doi.org/10.3390/ijms23063366
https://doi.org/10.1038/s41598-024-55104-7
https://doi.org/10.1016/j.ijrobp.2019.01.073
https://doi.org/10.1667/RR13712.1
https://doi.org/10.1667/RR3819.1
https://doi.org/10.1667/RR2780.1
https://doi.org/10.1118/1.3438081
https://doi.org/10.1016/S1470-2045(20)30156-X
https://doi.org/10.1016/S1470-2045(20)30156-X
https://doi.org/10.1038/s41392-022-01102-y
https://doi.org/10.1038/s41392-022-01102-y
https://doi.org/10.1038/s41392-020-0150-x
https://doi.org/10.3389/fonc.2019.01157
https://doi.org/10.3389/fonc.2019.01157
https://doi.org/10.1136/bcr-2023-256931
https://doi.org/10.1136/bcr-2023-256931
https://doi.org/10.1007/s12328-024-02030-w
https://doi.org/10.1016/j.semradonc.2019.12.006
https://doi.org/10.1016/j.ctro.2023.100691
https://doi.org/10.1016/j.ctro.2023.100691
https://doi.org/10.1016/j.ccr.2013.09.014
https://doi.org/10.1667/RADE-20-00065.1
https://doi.org/10.1158/1078-0432.CCR-09-0265
https://doi.org/10.1158/1078-0432.CCR-18-3518
https://doi.org/10.1158/1078-0432.CCR-18-3518
https://doi.org/10.1158/1078-0432.CCR-19-0402
https://doi.org/10.1016/j.ijrobp.2019.09.006
https://doi.org/10.3389/fonc.2025.1591424
https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org

	SFRT combined with immunotherapy for a growing hepatocellular carcinoma after the failure of anti-angiogenesis and anti-PD1 treatment: a case report
	Introduction
	Case report
	Case description
	Treatment
	Outcomes

	Discussion
	Conclusion
	Data availability statement
	Ethics statement
	Author contributions
	Funding
	Conflict of interest
	Generative AI statement
	Publisher’s note
	References


