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Retreatment with
Immunotherapy in a patient with
hepatocellular carcinoma who
received immune checkpoint
inhibitors after primary curative
treatment: a case report
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Laboratory of Extracorporeal Life Support for Critical Diseases, Artificial Cell Engineering Technology
Research Center,Tianjin Institute of Hepatobiliary Disease, Tianjin, China

Hepatocellular carcinoma (HCC) presents a malignant pathology known for its
high early recurrence rate following curative treatment, significantly impacting
patient prognosis. Currently, effective strategies to mitigate early HCC
recurrence remain undetermined. In this report, we document a case of HCC
managed with curative radiofrequency ablation (RFA), particularly in a patient
facing a high risk of early recurrence due to a substantial tumor size. In an effort
to forestall recurrence, immune checkpoint inhibitors (ICls) were preemptively
administered for 6 months post-RFA. Despite this, early recurrence ensued upon
ICls cessation. Traditionally, the approach to advanced HCC has been
conservative, yet recent years have seen promising outcomes with ICls in
advanced HCC. However, research on ICls retreatment is limited. In the short
term, this patient experienced widespread metastases post-ICls discontinuation,
yet exhibited prompt regression upon ICls reinitiation. Notably, this represents
the initial documented instance of employing ICls to forestall recurrence
subsequent to curative RFA in HCC. Following ICls discontinuation, diffuse
recurrence with multiple metastases emerged, with successful resolution upon
ICls retreatment.
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Background

Hepatocellular carcinoma (HCC) presently stands as the sixth
most prevalent malignancy and the third leading cause of cancer-
related mortality, presenting a profound threat to patients’ well-
being and longevity (1). Recurring readily even following curative
intervention, approximately 70% of patients encounter recurrence
within 5 years (2). Early recurrence manifests within 2 years post-
curative treatment, contributing to about 70% of HCC recurrences
within this 5-year period, significantly impacting patients’ survival
rates (3). At present, there exists no established efficacious approach
to forestall early HCC recurrence subsequent to curative treatment.

Immune checkpoint inhibitors (ICIs) have profoundly
transformed the landscape of cancer therapy, elevating survival
prospects for individuals contending with advanced cancer. Several
clinical trials and empirical evidence have underscored the extension
of survival among patients with inoperable liver cancer due to ICIs (4,
5). More recently, the less ability of single-agent ICIs to improve
overall survival (OS) in phase III clinical trials has led to the
development of combination approaches, such as anti-programmed
cell death-1 (PD-1)/anti-programmed cell death ligand 1 (PD-L1) plus
anti-vascular endothelial growth factor (VEGF), or tyrosine kinase
inhibitors (TKIs), or anti-cytotoxic T-lymphocyte associated antigen-4
(CTLA-4) (6). IMbrave 150 demonstrated that atezolizumab plus
bevacizumab led to significantly improved OS compared with
sorafenib in patients with unresectable HCC (7). With the
increasing utilization of ICIs in advanced HCC, an escalating
number of patients are encountering challenges related to drug
discontinuation, recurrence, and subsequent treatment. Limited
studies have addressed the retreatment with ICIs in patients with
solid tumors (8).

In this instance, we present a case of HCC managed with
radiofrequency ablation (RFA) despite a substantial tumor size
and a heightened vulnerability to early recurrence. Following
RFA, the patient underwent ICIs therapy as a preventive measure
against recurrence. Regrettably, the patient encountered early
recurrence subsequent to the discontinuation of ICIs, resulting in
diffuse liver recurrence and multiple metastases in the lungs and
adrenal glands. Notwithstanding the patient’s prior ICIs treatment
history, the response to retreatment with atezolizumab combined
with bevacizumab was notably favorable.

Case presentation

On May 26, 2020, a 70-year-old man presented at our facility,
reporting a six-month history of discomfort in the right upper
abdomen. With a four-decade record of alcohol misuse equivalent
to 140 g/day of ethanol, the patient also disclosed a history of
hypertension and smoking but no indications of diabetes, chronic
viral hepatitis, autoimmune conditions, or blood transfusion.
Enhanced magnetic resonance imaging (MRI) unveiled a 6.5%3.0
cm tumor in the right hepatic lobe (Figure 1A). Abdominal and
pulmonary computerized tomography imagings showed no
metastasis lesions (Figure 2A). Assessments for hepatitis viruses,
autoimmune liver conditions, and metabolic liver disorders such as
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hepatolenticular degeneration and hemochromatosis yielded negative
results. The alpha-fetoprotein (AFP) level stood at 170.30 ng/mL, and
liver function tests proved nearly normal (Supplementary Table S1).
Subsequent diagnosis included primary HCC (Barcelona Clinic Liver
Cancer B, Eastern Cooperative Oncology Group Performance Score
0), alcoholic cirrhosis (Child-Pugh grade A), and hypertension.
The patient underwent transarterial chemoembolization (TACE)
and RFA a month later. Liver pathology findings suggested
moderately differentiated HCC. After RFA, the patient’s abdominal
discomfort disappeared.

Due to the patient’s heightened susceptibility to early HCC
recurrence, immunotherapy with ICIs was initiated on August 25,
2020, administered once every 3 weeks for a total duration of 6
months. After two cycles of immunotherapy, the patient developed a
nonspecific maculopapular rash and exhibited positive urine protein.
Addressing these concerns, topical hormonal medications and oral
antihistamines were prescribed, leading to the amelioration of the rash
without exacerbating the urine protein status. The patient received
Dulvalizumab, and it remains unclear whether bevacizumab was
included as part of a clinical trial, the results of which are not
publicly available. The last session of immunotherapy took place on
January 19, 2021, with contrast-enhanced computed tomography (CT)
scans conducted every 3 months throughout the treatment period,
revealing no signs of HCC recurrence. Following cessation of ICIs, the
rash subsided, and subsequent urine protein tests returned negative. By
Qctober 21, 2021, contrast-enhanced CT scans exhibited no evidence
of HCC recurrence and no metastasis lesions (Figures 1B, 2B).

On February 25, 2022, the patient got right upper abdominal
discomfort again and intensive MRI revealed the reappearance of
HCC along with adrenal metastasis; however, the patient declined
further intervention. Subsequently, on May 7, 2022, he was
hospitalized due to HCC recurrence accompanied by pulmonary
and adrenal metastases (Figures 1C, 2C). Evaluation of liver
function exhibited mild elevations in alkaline phosphatase (ALP),
gamma-glutamyltransferase (GGT), and lactate dehydrogenase
(LDH) levels (Supplementary Table S1). With an AFP level
surpassing the detection limit of 1,210 ng/mL, the patient
underwent TACE. Moreover, on June 2, 2022, the patient
commenced a renewed course of immunotherapy (atezolizumab
1200 mg combined with 900 mg of bevacizumab once every 3
weeks). Following two cycles of immunotherapy, he progressively
developed post-exertional wheezing, and chest CT revealed the
presence of interstitial pneumonia (Figure 2D), leading to a grade 2
immune pneumonia diagnosis. Consequently, immunotherapy was
discontinued. Concurrently, contrast-enhanced CT illustrated a
noteworthy reduction in the intrahepatic, pulmonary, and adrenal
lesions (Figures 1D, 2D). By August 19, 2022, the patient’s wheezing
disappeared and a repeat chest CT at an alternative medical facility
demonstrated improvements in inflammation, warranting the
resumption of immunotherapy. Notably, the AFP, LDH, ALP,
and GGT levels normalized (Figure 3). Subsequent to a further
contrast-enhanced CT on September 15, 2023, no enhancing tumor
lesions in the liver, no pulmonary lesions, and significantly
decreased adrenal lesions were observed (Figures 1E, 2E).
Currently, the abdominal discomfort has significantly relieved.
The patient’s course is shown in Figure 4.
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FIGURE 1

Enhanced liver imagings at different time points. (A) The T2-phase, arterial phase, portal vein phase, and coronal image of the enhanced liver
magnetic resonance imaging on May 26, 2020. It revealed a mass in the right hepatic lobe (red arrows); (B-E) The arterial phase, portal vein phase,
equilibrium phase and coronal image of the enhanced liver computed tomography images; (B) No signs of tumor on October 21, 2021; (C) Diffuse
recurrence in the liver on May 7, 2022; (D) After two cycles of retreatment of immunotherapy on July 21, 2022. Significant reduction of liver lesions;
(E) CT indicated no enhancing tumor lesions in the liver on September 15, 2023

Discussion

The postoperative resurgence of HCC is believed to be
associated with the intrinsic biological attributes of the HCC,
including tumor size, capsule integrity, differentiation level, and
the presence of vascular invasion (9, 10). Early recurring nodules

demonstrate heightened malignancy, increased metastatic potential,
greater likelihood of relapse, and consequently, a less favorable
prognosis compared to instances of late recurrence (recurrence
occurring >2 years following curative treatment of HCC) (11).
Tumor size stands out as a pivotal factor influencing early
recurrence, with patients harboring tumors >3.5 cm in diameter

FIGURE 2

Abdominal and pulmonary computerized tomography imagings at different time points. (A) Base line on May 26, 2020; (B) No pulmonary and
adrenal metastasis on October 21, 2021; (C) Pulmonary and adrenal metastasis on May 7, 2022 (red and yellow arrows); (D) Interstitial pneumoni on
July 21, 2022; (E) No pulmonary lesions and significantly reduced adrenal lesions on September 15, 2023 (yellow arrows)
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FIGURE 3

Changes of clinical indicators. AFP, alpha-fetoprotein; LDH, lactate dehydrogenase; ALP, alkaline phosphatase; GGT, gamma-glutamyltransferase

facing a heightened risk of postoperative resurgence (12). In the case
of this patient, the tumor was large (diameter surpassed 5 cm) and
relatively poorly differentiated, thus placing him at a heightened risk
for early recurrence following RFA.

There is currently no established standard treatment for
mitigating the risk of recurrence subsequent to curative treatment
for HCC. The efficacy of adjuvant therapy in reducing HCC
recurrence after curative treatment, especially early recurrence,
remains a topic of debate. Such therapies encompass a range of
interventions including chemotherapy, radiotherapy, TACE,
molecular targeted therapy, immunotherapy, vitamin K2 analogs,
retinoids, and antiviral therapy (13, 14).

At present, ICIs stand as the primary immunotherapeutic
choice effective across a broad spectrum of cancers, particularly
those resistant to chemotherapy (15, 16). These immune
checkpoints entail co-inhibitory receptors on T cells alongside
their ligands on tumor and stromal cells within the tumor
microenvironment (17). ICIs function by averting T-cell
inactivation through the blockade of interactions between
checkpoint proteins and their ligands, thereby eliciting anti-
tumor effects (18). Key immune checkpoints of interest include
programmed cell death-1 (PD-1), programmed cell death ligand 1
(PD-L1), and cytotoxic T-lymphocyte associated antigen-4
(CTLA-4). In the context of unresectable HCC, single-agent
anti-PD-1 demonstrates an efficacy of approximately 20%, while
combination therapy exhibits even higher efficacy. ICIs, whether

administered individually or in combination, now represent the
cornerstone of systemic therapy for patients with advanced HCC
(19, 20). Nevertheless, the safety of ICIs in early- and mid-stage
HCC, along with their efficacy in preventing HCC recurrence,
requires validation through extensive clinical trials and
further investigations.

Greten et al. documented the activation of tumor-specific T and
dendritic cells subsequent to RFA treatment in animal models (21).
Consequently, local treatment holds the potential to ameliorate T-
cell immunosuppression. In an HCC animal model, Hepal-6 mice
subjected to microwave ablation and anti-PD-1/anti-CTLA-4
demonstrated heightened intratumoral infiltration of Thl cells,
prolonged survival, and impeded tumor recurrence (22). These
investigations offer a theoretical foundation for the amalgamation
of local treatment with immunotherapy among HCC patients. The
ongoing IMbrave 050 study explores the implementation of ICIs
following curative treatment to forestall HCC recurrence (23).

As our patient faced a heightened risk of early HCC recurrence
following RFA, he was enrolled in a clinical investigation involving
ICIs aimed at averting tumor reappearance. Throughout the trial
period, the patient encountered cutaneous and renal adverse events,
which resolved upon completion of the trial, indicative of the
patient’s receipt of ICIs during the study. Undergoing six cycles
of ICIs treatment, the patient underwent monitoring via contrast-
enhanced CT or MRI every 3 months post-treatment cessation.
Subsequently, the patient experienced intrahepatic recurrence and
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pulmonary lesions and
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extrahepatic metastases 1 year after discontinuation of ICIs
treatment and 1.5 years post-RFA. Early recurrent HCC nodules
frequently exhibit multinodular, diffuse patterns, predominantly
involving the liver and often proving nonamenable to surgical
interventions (24). Our patient conforms to this profile,
presenting with diffuse liver recurrence alongside extensive
extrahepatic metastases.

Following a 6-month course of ICIs after RFA, our patient
encountered early recurrence 1.5 years after the procedure. The
recurrence pattern subsequent to curative HCC treatment is
bimodal, with the initial peak typically arising about 1 year post-
resection, followed by a second peak at 4-5 years post-resection (2).
Despite the preventive administration of ICIs, early recurrence
manifested in our patients, prompting further investigation into
whether this is attributable to the relatively brief prophylactic period
of ICIs application, at least up to 1 year following RFA. The ability
of ICIs to engage T lymphocytes endures for a minimum of
20 weeks following cessation of ICIs therapy (25). Furthermore,
administering ICIs at low doses subsequent to liver transplantation
may serve as a preventive measure against HCC recurrence (26).
Additional clinical studies are warranted to discern whether
prolonging dosing intervals or reducing ICIs doses could forestall
HCC recurrence in high-risk patients.

Several publications have highlighted the treatment of recurrent
HCC using ICIs. For some patients with tumors, retreatment with
ICIs has proven beneficial. In a phase I/II clinical investigation, 160
patients (including those with various solid tumors) who had
discontinued dulvalizumab treatment without disease progression
for 1 year were subsequently reintroduced to dulvalizumab upon
disease progression. Among the 70 patients who received
retreatment, 11.4% exhibited a partial response, 60% maintained
stable disease, 22.9% experienced disease progression, and none
achieved a complete response (8). Given HCC’s vascular-rich
nature, it possesses a unique neovascular architecture that often
impedes the accessibility of antitumor medications and immune
cells to the tumor site (27). In comparison to late recurrent HCC,
early recurrent HCC tends to develop large vessels and possess
enhanced microvascular infiltration capability (28). Anti-vascular
endothelial growth factor (anti-VEGF) agents have the capacity to
normalize tumor blood vessels (29). VEGF triggers the development
of myeloid-derived suppressor cells, regulatory T cells, and tumor-
associated macrophages, thus contributing to the creation of an
immunosuppressive tumor microenvironment (30). Consequently,
anti-VEGF agents, by ameliorating the immunosuppressive
microenvironment, optimize the efficacy of ICIs treatment,
potentially surmounting resistance to ICIs. The IMbravel50 study
also demonstrated that the combination of the anti-VEGF agent
bevacizumab with the anti-PD-L1 antibody atezolizumab notably
enhanced survival among patients with advanced HCC, proving
to be significantly superior to sorafenib (7). Hence, despite
the patient’s prior history of ICIs treatment, we opted for
atezolizumab in conjunction with bevacizumab. Post two cycles of
this regimen, the patient’s AFP levels declined rapidly to normal,
and a repeated contrast-enhanced CT scan revealed a marked
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reduction in both intrahepatic and extrahepatic lesions. Following
ten cycles of immunotherapy, a contrast-enhanced CT scan
indicated an absence of enhancing tumor lesions in the liver, as
well as no pulmonary lesions, alongside a significant reduction in
adrenal lesions. Subsequent retreatment with ICIs resulted in swift
remission for the patient.

Conclusion

This case indicates that ICIs might postpone the early
recurrence of HCC, but an extended duration of ICIs treatment
might be necessary to forestall recurrence. Furthermore, for patients
with recurrent HCC and a previous history of ICIs therapy,
retreatment with ICIs remains a viable option and can still
provide 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/s.

Ethics statement

The studies involving humans were approved by The Third
Central Hospital of Tianjin Medical Ethics Committee. 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

TW: Writing - original draft. FT: Writing - original draft. FL:
Data curation, Formal Analysis, Writing — review & editing. WY:
Writing - review & editing, Data curation. JL: Writing — review
& editing.

Funding
The author(s) declared that financial support was received for
the research, authorship, and/or publication of this article. This

study was supported by Tianjin Key Medical Discipline (Specialty)
Construction Project (TTYXZDXK-034A).

Acknowledgments

We thank the patient’s legal guardian for her permission to
publish this case report.

frontiersin.org


https://doi.org/10.3389/fonc.2024.1321195
https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org

Wang 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.

Publisher’s note

All claims expressed in this article are solely those of the
authors and do not necessarily represent those of their affiliated

References

1. Forner A, Reig M, Bruix J. Hepatocellular carcinoma. Lancet. (2018) 391:1301-14.
doi: 10.1016/S0140-6736(18)30010-2

2. Imamura H, Matsuyama Y, Tanaka E, Ohkubo T, Hasegawa K, Miyagawa S, et al.
Risk factors contributing to early and late phase intrahepatic recurrence of
hepatocellular carcinoma after hepatectomy. J Hepatol. (2003) 38:200-7.
doi: 10.1016/s0168-8278(02)00360-4

3. Tsﬂimigras DI, Bagante F, Moris D, Hyer JM, Sahara K, Paredes AZ, et al.
Recurrence Patterns and Outcomes after Resection of Hepatocellular Carcinoma within
and beyond the Barcelona Clinic Liver Cancer Criteria. Ann Surg Oncol. (2020)
27:2321-31. doi: 10.1245/s10434-020-08452-3

4. Kudo M, Matilla A, Santoro A, Melero I, Gracian AC, Acosta-Rivera M, et al.
CheckMate 040 cohort 5: A phase I/II study of nivolumab in patients with advanced
hepatocellular carcinoma and Child-Pugh B cirrhosis. ] Hepatol. (2021) 75:600-9.
doi: 10.1016/j.jhep.2021.04.047

5. 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/S1470-2045(20)30156-X

6. Rimassa L, Finn RS, Sangro B. Combination immunotherapy for hepatocellular
carcinoma. J Hepatol. (2023) 79:506-15. doi: 10.1016/j.jhep.2023.03.003

7. Cheng AL, Qin S, Ikeda M, Galle PR, Ducreux M, Kim TY, et al. Updated efficacy
and safety data from IMbravel50: Atezolizumab plus bevacizumab vs. sorafenib for
unresectable hepatocellular carcinoma. J Hepatol. (2022) 76:862-73. doi: 10.1016/
jjhep.2021.11.030

8. Sheth S, Gao C, Mueller N, Angra N, Gupta A, Germa C, et al. Durvalumab
activity in previously treated patients who stopped durvalumab without disease
progression. ] Immunother Cancer. (2020) 8:2000650. doi: 10.1136/jitc-2020-000650

9. GuXQ, Zheng WP, Teng DH, Sun JS, Zheng H. Impact of non-oncological factors
on tumor recurrence after liver transplantation in hepatocellular carcinoma patients.
World ] Gastroenterol. (2016) 22:2749-59. doi: 10.3748/wjg.v22.i9.2749

10. Wakayama K, Kamiyama T, Yokoo H, Orimo T, Shimada S, Einama T, et al.
Huge hepatocellular carcinoma greater than 10 cm in diameter worsens prognosis by
causing distant recurrence after curative resection. J Surg Oncol. (2017) 115:324-9.
doi: 10.1002/js0.24501

11. Cheng Z, Yang P, Qu S, Zhou J, Yang J, Yang X, et al. Risk factors and
management for early and late intrahepatic recurrence of solitary hepatocellular
carcinoma after curative resection. HPB (Oxford). (2015) 17:422-7. doi: 10.1111/
hpb.12367

12. Zhang W, Wang X, Jiang R, Hou J, Mu X, Li G, et al. Effect of tumor size on
cancer-specific survival in small hepatocellular carcinoma. Mayo Clin Proc. (2015)
90:1187-95. doi: 10.1016/j.mayocp.2015.06.018

13. Zhang W, Zhang B, Chen XP. Adjuvant treatment strategy after curative
resection for hepatocellular carcinoma. Front Med. (2021) 15:155-69. doi: 10.1007/
s11684-021-0848-3

14. Lu LC, Cheng AL, Poon RTP. Recent advances in the prevention of
hepatocellular carcinoma recurrence. Semin Liver Dis. (2014) 34:427-34.
doi: 10.1055/s-0034-1394141

15. Sangro B, Sarobe P, Hervas-Stubbs S, Melero I. Advances in immunotherapy for
hepatocellular carcinoma. Nat Rev Gastroenterol Hepatol. (2021) 18:525-43.
doi: 10.1038/s41575-021-00438-0

Frontiers in Oncology

06

10.3389/fonc.2024.1321195

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.

Supplementary material

The Supplementary Material for this article can be found online
at: https://www.frontiersin.org/articles/10.3389/fonc.2024.1321195/
full#supplementary-material

16. Kudo M. Systemic therapy for hepatocellular carcinoma: 2017 update. Oncology.
(2017) 93 Suppl 1:135-46. doi: 10.1159/000481244

17. Zhou G, Boor PPC, Bruno M], Sprengers D, Kwekkeboom J. Immune
suppressive checkpoint interactions in the tumour microenvironment of primary
liver cancers. Br ] Cancer. (2022) 126:10-23. doi: 10.1038/s41416-021-01453-3

18. He X, Xu C. Immune checkpoint signaling and cancer immunotherapy. Cell Res.
(2020) 30:660-9. doi: 10.1038/s41422-020-0343-4

19. Chen K, Wei W, Liu L, Deng ZJ, Li L, Liang XM. Lenvatinib with or without
immune checkpoint inhibitors for patients with unresectable hepatocellular carcinoma
in real-world clinical practice. Cancer Immunol Immunother. (2022) 71:1063-74.
doi: 10.1007/s00262-021-03060-w

20. Yau T, Kang YK, Kim TY, El-Khoueiry AB, Santoro A, Sangro B, et al. Efficacy
and safety of nivolumab plus ipilimumab in patients with advanced hepatocellular
carcinoma previously treated with sorafenib: the checkMate 040 randomized clinical
trial. JAMA Oncol. (2020) 6:¢204564. doi: 10.1001/jamaoncol.2020.4564

21. Greten TF, Mauda-Havakuk M, Heinrich B, Korangy F, Wood BJ. Combined
locoregional-immunotherapy for liver cancer. J Hepatol. (2019) 70:999-1007.
doi: 10.1016/j.jhep.2019.01.027

22. Duan X, Wang M, Han X, Ren J, Huang G, Ju S, et al. Combined use of
microwave ablation and cell immunotherapy induces nonspecific immunity of
hepatocellular carcinoma model mice. Cell Cycle. (2020) 19:3595-607. doi: 10.1080/
15384101.2020.1853942

23. Hack SP, Spahn J, Chen M, Cheng AL, Kaseb A, Kudo M, et al. IMbrave 050: a
Phase II trial of atezolizumab plus bevacizumab in high-risk hepatocellular carcinoma
after curative resection or ablation. Future Oncol. (2020) 16:975-89. doi: 10.2217/fon-
2020-0162

24. Tateishi R, Shiina S, Akahane M, Sato J, Kondo Y, Masuzaki R, et al. Frequency,
risk factors and survival associated with an intrasubsegmental recurrence after
radiofrequency ablation for hepatocellular carcinoma. PloS One. (2013) 8:e59040.
doi: 10.1371/journal.pone.0059040

25. Osa A, Uenami T, Koyama S, Fujimoto K, Okuzaki D, Takimoto T, et al. Clinical
implications of monitoring nivolumab immunokinetics in non-small cell lung cancer
patients. JCI Insight. (2018) 3:€59125. doi: 10.1172/jci.insight.59125

26. Jin X, Zhang K, Fang T, Zeng X, Yan X, Tang J, et al. Low-dose PD-1 inhibitor
combined with lenvatinib for preemptive treatment of recurrence after liver
transplantation for hepatocellular carcinoma: Case report and literature review.
Front Oncol. (2022) 12:951303. doi: 10.3389/fonc.2022.951303

27. Morse MA, Sun W, Kim R, He AR, Abada PB, Mynderse M, et al. The role of
angiogenesis in hepatocellular carcinoma. Clin Cancer Res. (2019) 25:912-20.
doi: 10.1158/1078-0432.CCR-18-1254

28. Huang ZY, Liang BY, Xiong M, Zhan DQ, Wei S, Wang GP, et al. Long-term
outcomes of repeat hepatic resection in patients with recurrent hepatocellular carcinoma
and analysis of recurrent types and their prognosis: a single-center experience in China.
Ann Surg Oncol. (2012) 19:2515-25. doi: 10.1245/s10434-012-2269-7

29. Ttatani Y, Kawada K, Yamamoto T, Sakai Y. Resistance to anti-angiogenic
therapy in cancer-alterations to anti-VEGF pathway. Int ] Mol Sci. (2018) 19:1232.
doi: 10.3390/ijms19041232

30. Voron T, Colussi O, Marcheteau E, Pernot S, Nizard M, Pointet AL, et al. VEGF-
A modulates expression of inhibitory checkpoints on CD8+ T cells in tumors. ] Exp
Med. (2015) 212:139-48. doi: 10.1084/jem.20140559

frontiersin.org


https://www.frontiersin.org/articles/10.3389/fonc.2024.1321195/full#supplementary-material
https://www.frontiersin.org/articles/10.3389/fonc.2024.1321195/full#supplementary-material
https://doi.org/10.1016/S0140-6736(18)30010-2
https://doi.org/10.1016/s0168-8278(02)00360-4
https://doi.org/10.1245/s10434-020-08452-3
https://doi.org/10.1016/j.jhep.2021.04.047
https://doi.org/10.1016/S1470-2045(20)30156-X
https://doi.org/10.1016/j.jhep.2023.03.003
https://doi.org/10.1016/j.jhep.2021.11.030
https://doi.org/10.1016/j.jhep.2021.11.030
https://doi.org/10.1136/jitc-2020-000650
https://doi.org/10.3748/wjg.v22.i9.2749
https://doi.org/10.1002/jso.24501
https://doi.org/10.1111/hpb.12367
https://doi.org/10.1111/hpb.12367
https://doi.org/10.1016/j.mayocp.2015.06.018
https://doi.org/10.1007/s11684-021-0848-3
https://doi.org/10.1007/s11684-021-0848-3
https://doi.org/10.1055/s-0034-1394141
https://doi.org/10.1038/s41575-021-00438-0
https://doi.org/10.1159/000481244
https://doi.org/10.1038/s41416-021-01453-3
https://doi.org/10.1038/s41422-020-0343-4
https://doi.org/10.1007/s00262-021-03060-w
https://doi.org/10.1001/jamaoncol.2020.4564
https://doi.org/10.1016/j.jhep.2019.01.027
https://doi.org/10.1080/15384101.2020.1853942
https://doi.org/10.1080/15384101.2020.1853942
https://doi.org/10.2217/fon-2020-0162
https://doi.org/10.2217/fon-2020-0162
https://doi.org/10.1371/journal.pone.0059040
https://doi.org/10.1172/jci.insight.59125
https://doi.org/10.3389/fonc.2022.951303
https://doi.org/10.1158/1078-0432.CCR-18-1254
https://doi.org/10.1245/s10434-012-2269-7
https://doi.org/10.3390/ijms19041232
https://doi.org/10.1084/jem.20140559
https://doi.org/10.3389/fonc.2024.1321195
https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org

	Retreatment with immunotherapy in a patient with hepatocellular carcinoma who received immune checkpoint inhibitors after primary curative treatment: a case report
	Background
	Case presentation
	Discussion
	Conclusion
	Data availability statement
	Ethics statement
	Author contributions
	Funding
	Acknowledgments
	Conflict of interest
	Publisher’s note
	Supplementary material
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages false
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /sRGB
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 1
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /ENU (T&F settings for black and white printer PDFs 20081208)
  >>
  /ExportLayers /ExportVisibleLayers
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks true
      /IncludeHyperlinks true
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


