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PD-1 blockade and radiotherapy
combination for advanced
Epstein-Barr virus-
associated intrahepatic
cholangiocarcinoma: a case
report and literature review
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Advanced intrahepatic cholangiocarcinoma (ICC) is a rare malignant tumor of

biliary epithelial cells, known for its extremely unfavorable prognosis. In the

absence of intervention, patients typically survive for less than 5 months. Current

guidelines from the Chinese Society of Clinical Oncology (CSCO), National

Comprehensive Cancer Network (NCCN), and European Society for Medical

Oncology (ESMO) recommend chemotherapy-based systemic therapy as the

standard treatment for advanced ICC. However, the first-line regimen, consisting

of gemcitabine in combination with cisplatin, generally results in a median

survival of approximately one year, which is considered suboptimal. Significant

progress has been made in radiotherapy techniques, molecular diagnostics, and

tumor immune microenvironments. The integration of immune and radiation

therapies has revolutionized treatment strategies for cholangiocarcinoma.

Moreover, combined therapeutic regimens have shown promising results in

improving survival rates among patients with advanced ICC. In this study, we

present a case report of a 70-year-old male patient diagnosed with stage IV ICC,

featuring metastases to the retroperitoneal, left adrenal, and left supraclavicular

lymph nodes. The patient exhibited a high tumor mutational load, significant

microsatellite instability, and hyper-expression of PD-L1 (90%), along with

positive Epstein-Barr virus-encoded RNA (EBER). Pembrolizumab, a

programmed cell death 1 (PD-1) inhibitor, was administered in conjunction

with radiotherapy. As a result, considerable shrinkage and inactivation of the

primary foci were observed, accompanied by the disappearance of metastases.

Ultimately, the patient achieved complete remission and maintained

progression-free survival for 41 months following the initial treatment. To the

best of our knowledge, this represents the longest case of complete remission

using a combination of immunotherapy and radiotherapy as a first-line regimen

for the high tumor mutational load, microsatellite instability, and PD-L1
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expression (90%) subtype of Epstein-Barr virus-associated ICC (EBVaICC). These

findings suggest that the combination of PD-1 inhibitors with radiotherapy may

serve as a promising therapeutic strategy for treating this particular

cancer subtype.
KEYWORDS

Epstein-Barr virus, intrahepatic cholangiocarcinoma, immunotherapy, radiotherapy,
complete remission
Introduction

Intrahepatic cholangiocarcinoma (ICC) represents the second

most prevalent primary liver malignancy, accounting for

approximately 10-15% of all primary liver cancers (1). In recent

years, there has been a steady increase in the morbidity and

mortality associated with ICC (2). Epstein-Barr virus (EBV)-

associated ICC (EBVaICC) constitutes approximately 6.6% of all

ICC cases (3). At the time of diagnosis, a significant proportion of

patients (ranging from 60% to 88%) have already experienced local

tumor progression or distant metastases, rendering surgical

resection unfeasible and resulting in an overall unfavorable

prognosis. Typically, patients with ICC survive for less than 5

months without intervention (4).

Current therapeutic options for cholangiocarcinoma include

surgical resection, chemotherapy, radiotherapy, targeted therapy,

immunotherapy, Transcatheter arterial chemoembolization

(TACE), and combination therapy (5–7). Chemotherapy-based

systemic therapy is recommended as an alternative treatment

approach for patients with advanced ICC who are not suitable

candidates for surgery. Currently, gemcitabine and cisplatin

(GEMCIS) represent the preferred first-line therapy for advanced

ICC according to existing guidelines (8, 9). However, despite its

efficacy, patients receiving this treatment typically experience a

median survival period of only one year (1). Nevertheless,

significant progress in radiotherapy technology, molecular

diagnostics, and the understanding of tumor immune

microenvironments has undoubtedly revolutionized the care

paradigm for cholangiocarcinoma. Combined therapy has

demonstrated a substantial improvement in the survival rate for

patients with advanced ICC (10). Furthermore, multiple studies have

shown that radiotherapy enhances the therapeutic efficacy of

immunotherapy by sensitizing the immune response (11).

Nonetheless, the available evidence supporting the use of combined

immune-radiotherapy as a first-line treatment strategy remains

limited. This report presents a case of advanced EBVaICC with a

high tumor mutation burden (TMB), microsatellite instability (MSI),

and programmed death-ligand 1 (PD-L1) expression, which achieved

long-term complete remission following the combination of

radiotherapy with a PD-1 inhibitor (Pembrolizumab). The patient

achieved a progression-free survival (PFS) of 41 months.
02
Case presentation

A 70-year-old male patient presented with upper abdominal

discomfort and jaundice was admitted to our hospital. Physical

examination was unremarkable, and the patient had an Eastern

Cooperative Oncology Group (ECOG) score of 1. Subsequent

abdominal ultrasound imaging revealed a solid mass measuring

approximately 69mm x 53mm in the S4 section of the liver, along

with dilation of both left and right intrahepatic bile ducts. Enhanced

computed tomography (CT) and magnetic resonance imaging

(MRI) were performed for further diagnostic evaluation

(Figure 1B), which supported a diagnosis of ICC. Laboratory tests

showed elevated total bilirubin levels at 86.8 mmol/L, with direct

bilirubin and indirect bilirubin levels of 41.6 mmol/L and 45.2 mmol/

L, respectively. Tests for hepatitis B surface antigen, hepatitis C

antibody, alpha-fetoprotein, and carcinoembryonic antigen (CEA)

were negative, while blood test results for CA-19-9 indicated a value

of 197.7 U/ml. A positron emission tomography-CT (PET-CT)

examination (Figures 2A–E) revealed a hypermetabolic lesion in the

left lobe of the liver, as well as enlarged and hypermetabolic lymph

nodes in the upper retroperitoneum and left supraclavicular area,

along with a hypermetabolic left adrenal gland. These findings

collectively suggested cholangiocarcinoma in association with

metastases to the lymph nodes and left adrenal gland. Following a

multidisciplinary team (MDT) consultation, it was decided that the

initial treatment stage would involve percutaneous transhepatic

cholangial drainage (PTCD) to alleviate jaundice. On July 1, 2019,

an ultrasound-guided PTCD intervention was performed on the

right lobe of the liver. The jaundice index returned to normal levels

within a week, enabling an ultrasonography-assisted guided

puncture biopsy of the left lobe of the liver. Biopsy samples

consisting of three strips of white intermixed flesh-colored

tissue were collected using an 18G automatic biopsy device and

sent for examination. Further analysis revealed medium to low

differentiated cholangiocarcinoma, with an immunohistochemistry

(IHC) profile of Ki67 (50% +), CK7 (++), CK20 (–), villin (++),

CDX-2 (–), SATB-2 (–), CK19 (+), CEA (+), EMA (+++), Hep-Par-

1 (–), Glypican-3 (+++), CD10 (–), CD117 (–), CD56 (–), ESA (++

+), MOC31 (+++). According to the American Joint Committee on

Cancer (AJCC) Cancer Staging Manual (8th edition), the patient

was diagnosed with stage IV ICC (T1N1M1).
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After obtaining informed consent from the patient and his family,

a sequencing analysis of 1,021 genes was conducted on the biopsy

samples obtained from the left hepatic mass to identify genetic

variations associated with tumorigenesis. Additionally, the

expression levels of Epstein-Barr virus-encoded RNA (EBER) and

PD-L1 were examined. The genomic profiling revealed the presence

of PTEN p. D268Gfs*30 (19.2%) and KRAS p.A146T (18.5%), along

with high TMB (TMB-H, 53.76 Muts/Mb) and MSI (MSI-H).

Immunohistochemistry analysis of PD-L1 exhibited a high tumor

proportion score of 90% with staining observed on the tumor cell

membrane. Furthermore, EBER was detected in the nuclei of specific

liver tumor cells within the local area (Figures 3A–E). Subsequent to

these test results, MDT consultation was conducted, and treatment

with the PD-1 inhibitor Pembrolizumab was initiated on July 22,

2019, at a dosage of 200mg every three weeks. Targeted radiotherapy

was administered to intrahepatic bile duct tumor lesions of the

patient that were visible on imaging between September 24, 2019,

and October 1, 2019, with a prescribed dose of gross tumor volume

(GTV)-P 3000cGY/6f. Following targeted radiotherapy, an MRI

conducted on October 24, 2019, demonstrated a significant

reduction in the size of the liver tumor without enhancement,

measuring approximately 38mm x 22mm (Figures 1C–E). A

subsequent positron emission tomography/computed tomography

(PET/CT) scan on December 19, 2019, revealed no hypermetabolism

in the left liver lesion, retroperitoneal region, supraclavicular fossa, or

left adrenal lesions, indicating no signs of disease progression in these

areas (Figures 2F–J). Additionally, all tumor markers, including

CA199, were within the normal range upon review. According to

the criteria for evaluating the efficacy of solid tumors (version 1.1),

the patient achieved complete remission. The patient continued

Pembrolizumab maintenance therapy at a dosage of 100mg every

three weeks without experiencing adverse events. Regular follow-up

MRI scans were conducted every three months, consistently
Frontiers in Immunology 03
demonstrating regression in the size of the left liver lesion without

enhancement and no dilation in the intrahepatic bile ducts. A follow-

up PET-CT scan on July 7, 2021, showed no increase in the lesion or

evidence of metastases. To date, there have been no signs of tumor

recurrence or metastasis, as well as no reports of epigastric discomfort

or jaundice. The patient’s appetite fully recovered, and his weight

increased by 10 pounds. An illustrated timeline documenting the

initial diagnosis, combined treatment, complete remission, and post-

treatment follow-up is presented in Figure 1A.
Discussion

The presence of advanced ICC often leads to local progression

and distant organ metastasis, making surgical intervention

impossible. Patients affected by this condition typically have an

average survival time of less than 2 years, with only about 9%

surviving beyond a 5-year timeframe (12). The current standard of

care for treating advanced ICC involves the use offirst-line systemic

chemotherapy regimens like GEMCIS, as well as second-line

options such as FOLFOX. Adjuvant systemic chemotherapy with

capecitabine has also been demonstrated to be an effective

treatment strategy for ICC patients. However, despite being the

first-line treatment, GEMCIS has limited efficacy with a median PFS

of only 8 months. Additionally, some patients cannot tolerate the

significant toxicities associated with chemotherapy, including

GEMCIS (13).Immunotherapy has brought about a paradigm

shift in the established standard of care for various advanced and

metastatic solid tumors, demonstrating the potential to achieve

cures even in cases previously considered incurable (14). For

advanced ICC, the TOPAZ-1 study revealed that a quarter of

patients who received chemotherapy in combination with

immunosuppression survived for more than 2 years (15).
FIGURE 1

Timeline and MRI examination. Yellow arrows indicate the changes in lesion size. (A) Timeline of initial diagnosis, anti-PD-1 immunotherapy,
radiotherapy and follow-up. (B) MRI results (June 28, 2019) prior to therapy. (C) MRI results (September 4, 2019) following 3 cycles of anti PD-1
treatment. (D) MRI results (October 24, 2019) following anti-PD-1 immunotherapy in combination with radiotherapy. (E) MRI results (April 8, 2020)
following anti-PD-1 immunotherapy maintenance therapy.
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However, the majority of cholangiocarcinoma subtypes have a low

response rate to immunotherapy, ranging from 3-22%, due to their

immunodesert phenotype (16). Therefore, identifying ideal

candidates for immunotherapy and selecting optimal combination

therapy regimens remains challenging.

Recent advancements in etiological research, tumor immune

microenvironment, and genetic diagnostics have paved the way for

individualized and precise treatment approaches for patients with

advanced ICC. EBVaICC, characterized by lymphoepithelioma-like

histology, has shown a favorable response to immunotherapy,

leading to improved survival rates (3). Within the liver, factors of

tolerance such as PD-L1, expressed by Kupffer cells and dendritic

cells, enable tumors to evade immune surveillance by upregulating

PD-1 immune checkpoint and depleting T-cells (17). Blocking this

pathway using PD-1/PD-L1 inhibitors can potentially restore T-cell

activity, enhance the immune response, and counteract tumor

recognition/attack by the immune system (18). Combining PD-1/

PD-L1 inhibitors with histone deacetylase inhibitors has

demonstrated an immunomodulatory effect (19). Moreover,

genetic attributes such as TMB, MSI, and human leukocyte

antigen class I (HLA-I) expression can impact tumor antigenicity
Frontiers in Immunology 04
and influence the response to immune-based therapy. TMB-H and

MSI-H have been identified as reliable biomarkers for survival

benefits related to immunotherapy for tumors (20–24). Moreover,

Chowell et al. found that CD8 T cell-dependent tumor cell killing of

tumor cells necessitates the efficient presentation of tumor antigens

via HLA-I molecules. Additionally, maximal heterozygosity of

HLA-I genes (A, B, C) has shown to improve overall survival in

advanced cancer patients undergoing immune checkpoint

blockade (25).

The relationship between immunotherapy and radiotherapy is

complex. Radiation therapy can induce DNA damage, releasing

tumor antigens and facilitating their recognition by antigen-

presenting cells, thereby acting as an immunotherapeutic

sensitizer (26). Combining radiotherapy with PD-1 blockade

promotes T-cell infiltration and PD-L1 expression in tumor cells,

enhancing the effectiveness of both treatments, especially in

sensitizing local and distant metastatic lesions (27). External

radiation radiotherapy has been established as a safe and effective

treatment for advanced, unresectable ICC (10, 28–30). HON et al.

reported that radiotherapy administered to patients with ICC

resulted in a 2-year local control rate of 94.1%, and a 2-year
FIGURE 2

Changes of PET-CT images. (A–E) High metabolism in the left liver, retroperitoneum, left adrenal gland, and left supraclavicular lymphnode, 2019/
07/06. (F–J) Hypermetabolism disappeared in the left liver, retroperitoneum, left adrenal gland, and left supraclavicular lymphnode, 2019/12/19.
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survival rate of roughly 46.5% (28). Notably, combining anti-PD-1

immunotherapy with radiotherapy has shown a favorable response,

as observed in this patient. The treatment resulted in complete

inactivation of intrahepatic lesions and lymph node metastases,

leading to long-term survival. Table 1 provides a comprehensive

literature review on the use of immunotherapy combined with

radiation therapy for ICC treatment.
Frontiers in Immunology 05
Selecting an appropriate treatment plan is crucial for effectively

managing advanced ICC. One potential approach involves

performing PTCD before biopsy to minimize bleeding and biliary

leakage risks during the procedure. Thorough pathological

assessment and genetic evaluations can help identify the most

suitable treatment strategy and improve overall patient outcomes.

This approach has significant implications for advancing tumor
FIGURE 3

Hematoxylin-eosin HE staining and EBER, PD-L1 analysis of liver tumor tissues from the needle biopsy. (A) HE staining for EBER (200×). (B) EBER
staining was positive in some areas, shown in red cicyle (200×). (C) EBER positive and negative comparison (50×). (D) HE staining for PD-L1. (E)
Immunohistochemical staining for PD-L1 expression.
TABLE 1 Case reports summary of the ICC patients with Anti-PD-1 Immunotherapy and Radiotherapy.

Reference Sex Age

Type
of
tumor

AJCC
stage

Molecular Biology and
Genetic Testing treatment

Clinical
end
point

Survival
times
(month)

LiuX2019 (27) F 52 ICC IV

TMB 1.2 Muts/Mb,
pMMR and MSS,
PD-L1 expression level < 1%.

1.SBRT+nivolumab, PR;
2.Maintenance therapy
with apatinib and
lenvatinib

Lesion
diameter
decreased by
40.9% 14

M 59 ICC
IIIA
(T3N0M0)

Amplification of ERBB2, TMB 3.8 muts/
Mb, pMMR and MSS, PD-L1 expression
level< 1%.

1.surgery+lapatinib
(kinase inhibitor), PD;
2.pembrolizumab+SBRT,
PR

Lesion
diameters
decreased by
86.3% 19

M 51 ICC
IIIB
(T2N1M0)

TMB 0.98 Muts/Mb, pMMR and MSS,
PD-L1 expression level of < 1%.

1.surgery, recurrence
2.SBRT+pembrolizumab
+chemotherapy
+recombinant human
endostatin, CR

PFS
11months 35

LiuZL2020
(31) M 68 ICC

IV
(T1N1M1)

TMB-H (16.9 Muts/Mb) and
high MSI, low expression PD-L1, Low
frequency of CD8+ T cells.

Pembrolizumab and
radiotherapy, CR / 26

ZhaoQ2021
(32) M 50 ICC

IV
(T2N1M1)

pMMR, TMB 7.5 mut/Mb, high numbers
of PD-L1 positive tumor cells and
abundant infiltration of CD4+ and CD8+
T cells.

1.SBRT,4 months after
SBRT, PD;
2.Radiofrequency
ablation (RFA) and
chemotherapy, PD;
3.Nivolumab, 10 months
later, CR

PFS
3months 21

(Continued)
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treatment models and may further catalyze the development of

advanced tumor therapies.
Conclusions

In this study, we administered a first-line treatment of anti-PD-

1 immunotherapy combined with radiotherapy to a patient with

advanced EBVaICC. Remarkably, the patient achieved long-term

complete remission without experiencing significant toxicity and

has now survived for 46 months. This outcome highlights the

therapeutic potential of combining immunotherapy and

radiotherapy as a treatment strategy for managing advanced

EBVaICC patients who exhibit high levels of TMB, MSI, and PD-

L1 expression. Moreover, our treatment regimen offers a unique

and novel approach for the management of advanced ICC in this

specific patient population.
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TABLE 1 Continued

Reference Sex Age

Type
of
tumor

AJCC
stage

Molecular Biology and
Genetic Testing treatment

Clinical
end
point

Survival
times
(month)

M 59 ICC
IB
(T1bN0M0)

Weak positive expression of PD-L1,
pMMR.

1.Surgery, PD;
2.Chemotherapy, PD;
3.RT+Nivolumab, SD / 10

M 52 ICC
IIIB
(T4N1M0)

Few cells were positive for PD-L1, CD4, or
CD8.

1.SBRT, PR;
2.Pembrolizumab
+Everolimus, CR;
3.Surgery

PFS
3months 12

present case M 70 ICC
IV
(T1N1M1)

high MSI and TMB-H (53.76 Muts/Mb),
PD-L1 expression level of 90%, EBER
positive.

Pembrolizumab and
radiotherapy, CR

PFS
41months 46
fr
SBRT, stereotactic body radiotherapy; pMMR, proficient mismatch repair; CR, complete remission; SD, stable disease; PD, disease progression; PR, partial remission; PFS, progression-free
survival; PD-L1, programmed cell death ligand 1; TMB, tumor mutation burden; MSI, microsatellite instability; Survival time, from diagnosis to the end of follow-up.
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