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Advanced intrahepatic cholangiocarcinoma (iCCA) is not suitable for surgical treatment.
Guided by the concept of precision medicine, preoperative systematic treatment may
reshape the clinical outcomes of advanced intrahepatic cholangiocarcinoma patients. We
describe the case of a 38-year-old female who has been diagnosed with stage IV
intrahepatic cholangiocarcinoma with a high tumor mutational burden and positively
programmed death-ligand 1 (PD-L1) expression. The patient was treated with
programmed cell death 1 (PD-1) inhibitors combined with tyrosine kinase inhibitors
(TKIs). After 7 cycles of combination therapy, she underwent radical resection and no
tumor cells were found in the postoperative histopathological examination. In addition, the
patient’s survival time had reached 25 months, as of August 2021. To date, this is the first
case of successful radical resection after combined immunotherapy with TKIs for
advanced PD-L1-positive intrahepatic cholangiocarcinoma with a high tumor mutational
burden (TMB). The case provides a new approach to the treatment of advanced
intrahepatic cholangiocarcinoma.
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INTRODUCTION

Intrahepatic cholangiocarcinoma is the second most common
primary liver cancer after hepatocellular carcinoma, and the
incidence rate of iCCA has been on the rise over recent decades
(1). In the early stages of iCCA, curative resection is the preferred
treatment option, but a majority of patients (approximately 60-
70%) are diagnosed with advanced-stage disease that is not suitable
for radical resection with curative intent (2). For patients with
unresectable iCCA, the current standard of systemic treatment is
gemcitabine combined with platinum-based compounds, but the
median survival is less than 12 months (3). Systemic and local
therapy prior to surgery may increase the proportion of patients
who are eligible for radical resection and reduce the postoperative
recurrence rate. The traditional conversion therapies for
advanced iCCA include systemic chemotherapy, transarterial
chemoembolization (TACE), transarterial selective internal
radiation/radioembolization therapy, and hepatic artery infusion
(4). However, the optimal conversion treatment strategy and
related survival benefits remain unclear.

In recent years, immunotherapy has yielded encouraging results
in a variety of cancers, and National Comprehensive Cancer
Network (NCCN) guidelines recommend pembrolizumab as a
treatment choice for advanced cholangiocarcinoma with deficient
mismatch repair (dMMR) and high microsatellite instability (MSI-
H) (5). The relationship between PD-L1 expression in tumors and
the efficacy of PD-1 inhibitors are still being investigated (6–8).
PD-L1 is expressed in tumors from patients with iCCA, suggesting
the feasibility of targeting the PD-1/PD-L1 pathway (9). For
example, a study has preliminarily demonstrated that the
expression of PD-L1 in tumor tissues of iCCA patients can be
used as a biomarker to predict the efficacy of PD-1 inhibitor
therapy (10). Furthermore, preliminary studies of immunotherapy
combined with targeted therapy for iCCA are ongoing and have
shown promising therapeutic prospects (11). Nevertheless, surgery
for advanced iCCA following a combination of immunotherapy
combined with targeted therapy has not been reported to date.

In the present report, we performed the first case study
investigating a patient suffering from advanced intrahepatic
cholangiocarcinoma with a high TMB and high expression of
PD-L1 feature. Guided by the concept of precision medicine, the
patient underwent an operation after successful conversion
therapy with PD-1 blockade and lenvatinib. Encouragingly,
this patient achieved pathological complete response (pCR)
and long-term survival. Figure 1A shows the diagnosis,
treatment and follow-up timeline for this patient.
CASE PRESENTATION

A 38-year-old female was admitted to the hospital on July 6, 2019,
due to recurrent right upper abdominal pain. She had a history of
Abbreviations: iCCA, intrahepatic cholangiocarcinoma; PD-L1, programmed
death-ligand 1; PD-1, programmed cell death 1; TKIs, tyrosine kinase
inhibitors; AFP, Alpha-fetoprotein; TMB, tumor mutational burden; MRI,
magnetic resonance imaging; CTCAE5.0, Common Terminology Criteria for
Adverse Events version 5.0.
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chronic hepatitis B infection for 7 years that had not been treated.
The patient’s performance status score was 1. Alpha-fetoprotein
(AFP), abnormal prothrombin, carcinoembryonic antigen (CEA)
and cancer antigen 19-9 (CA19-9) levels were within the normal
range. Upper abdominal magnetic resonance imaging (MRI)
revealed a mass in the right hepatic lobe with involvement of
the inferior vena cava, along with retroperitoneal and right
cardio-phrenic angle lymphatic metastases. Positron emission
tomography-computed tomography (PET-CT) scans showed a
huge mass with uneven increased metabolism in the right lobe of
the liver, increased metabolism of the inferior vena cava nodule,
increased metabolism of the right diaphragmatic nodule, and
hypermetabolic lymph nodes near the abdominal aorta and
anterior costal diaphragm (Figures 1B–F). The patient
underwent a tumor needle biopsy guided by ultrasound on July
12, 2019. The pathohistological analysis of the tumor revealed
poorly differentiated adenocarcinoma with necrotic components
(Figure 2A). Upon immunohistochemical (IHC) analysis, the
tumor was found to be positive for cytokeratin 18 and cytokeratin
19 (Figure 2B) while being negative for AFP and hepatocyte
(Figures 2C, D), predisposed to cholangiocarcinoma. All
indications suggested a diagnosis of stage IV iCCA (T2N1M1)
according to the American Joint Committee on Cancer (AJCC)
Cancer Staging Handbook,8th edition (12). With the patient’s
consent, whole-exome sequencing (WES) and deep sequencing of
a panel of 733 genes was performed with the tissue obtained by
the needle biopsy. The tissue was also analyzed for the expression
of PD-L1 and the abundance of tumor-infiltrating lymphocytes
(TILs). The tumor mutational burden was determined to be 21.77
mutations/Mb and defined as TMB-high (13). A total of 74
neoantigens were detected. No SNVs were detected in PMS2,
MSH2, MSH6, or MLH1, suggesting pMMR, and the MSI status
was stable. Prominent lymphocytes infiltration were observed in
both tumor and stromal region, primarily CD8+ T cell, natural
killer (NK) cells, and macrophages (Figures 2F–I). The density of
these infiltrated lymphocytes at the tumor core were 1594 cells/
mm2, 986 cells/mm2, and 3980 cells/mm2 respectively. The tumor
proportion score (TPS) of the PD-L1 expression level was 70%
according to Allred criteria using the 22C3 monoclonal mouse
anti-human PD-L1 antibody (Figure 2E). Based on these results,
combined immunotherapy with multi-kinase inhibitor therapy
was administered. After treatment with sintilimab (200 mg q3W)
and lenvatinib (8 mg qd) for 7 cycles (21 weeks), MRI showed that
the lesions in the right hepatic lobe and inferior vena cava had
significantly decreased in size (Figure 3). The patient’s clinical
efficacy can be assessed as stable disease (SD) according to the
Response Evaluation Criteria in Solid Tumors (version 1.1) (14).
The patient experienced only grade 1 adverse events of nausea
and vomiting according to the standard CTCAE5.0 criteria.

The patient underwent right hemihepatectomy, retroperitoneal
lymphadenectomy, right cardio-phrenic angle lymphadenectomy,
and inferior vena cava embolectomy on December 10, 2019
(Figures 4A–C). The patient recovered well after surgery and no
serious postoperative complications occurred. The total size of the
lesion area in the postoperative specimen was 8.5x6x6cm. No
tumor was found in the liver margin, the liver lesion area, groups
8a, 13, 16a, and 16b, the right cardio-phrenic angle lymphatic
September 2021 | Volume 12 | Article 744571
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tissue, or the tumorigenic thrombus of inferior vena cava after
surgery. Extensive infiltration of T cells were observed in tumor
margin and stromal. The patient underwent periodical MRI
reexamination after surgery, which showed no recurrence in the
coelom until March 3, 2021 (Figures 4D–F).
DISCUSSION

This case showed that negative surgical margins (R0 resection)
can be achieved in a patient with advanced iCCA who received
conversion therapy. Furthermore, the result suggests that the
combination of lenvatinib with PD-1 inhibitors is an effective
and safe conversion therapy strategy.

For primary liver cancer, the downstaging or conversion
therapy approaches have been reported over 20 years ago (15,
16), but due to the lack of powerful systemic drugs at that time, the
previous conversion therapy strategies mainly focused on local
treatment or chemotherapy (17–20). Besides, there is a lack of
research on conversion therapy for advanced iCCA currently (21).

Several clinical trials on immunotherapy of advanced biliary
tract cancers are ongoing, some preliminary results were
Frontiers in Immunology | www.frontiersin.org 3
favorable (11, 22–24). A clinical trial of the combination of
lenvatinib with immune checkpoint inhibitors resulted in an
overall response rate (ORR) of 21.4% and disease control rate
(DCR) of 92.9% in 14 patients with advanced iCCA who had
received more than 2 prior anticancer therapy regimens (10).
Several cases had also revealed supporting evidence on the
promising effect of combined immunotherapy for advanced
iCCA patients. For example, advanced iCCA patients with high
TMB, high rate of insertion-deletion mutations (INDELS), and/
or positive PD-L1 expression benefited from immunotherapy
combined with chemotherapy (25, 26). These preliminary
clinical trial results indicated that advanced iCCA patients with
high TMB and positive PD-L1 expression were strongly
associated with better immunotherapy or its combination with
targeted or chemotherapy response (11).

Under the guidance of next-generation sequencing and tumor
immune microenvironment testing, our case report suggests that
immunotherapy combined with targeted therapy have more than
a lethal effect on intrahepatic lesions but also can act on
metastatic lesions in distant lymph node and tumorigenic
thrombus, which may provide a superior conversion therapy
option for unresectable iCCA patients and largely improve their
benefit. But to clarify the accurate efficacy and the survival time
FIGURE 1 | Timeline and PET-CT examination. (A) Indicates initial diagnosis, medication treatment, surgery, and follow-up timeline of the patient. (B) Shows a large
mass in the right lobe of the liver with increased radioactive uptake of the solid component. (C) Shows multiple enlarged lymph nodes adjacent to the abdominal
aorta with increased radioactive uptake. (D) Shows increased nodular radioactive uptake in the inferior vena cava. (E, F) Show anterior costal diaphragm nodule and
right diaphragmatic nodule with increased radioactive uptake.
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FIGURE 2 | Hematoxylin-eosin (HE) staining and immunohistochemical analysis of liver tumor tissue from the needle biopsy. Pathological images show (A) HE
staining (200×), (B) positive CK19 staining, (C) negative AFP staining, and (D) negative hepatocyte staining. (E) Immunohistochemical staining for PD-L1 expression
(200×). Multiple fluorescence immunohistochemical images show (F) the CD8+T cells, (G) the natural killer (NK) cells, (H) the macrophages, and (I) the merged
images of the previous three images.
FIGURE 3 | MRI evaluation during preoperative systemic treatment. (A–C) indicate the maximum diameter of the lesion located in the liver, the maximum diameter
of the lesion in (A–C) were 10.16cm, 8.93cm, and 8.77cm. (D–F) indicate the lesion located in the tumorigenic thrombus of the inferior vena cava, the maximum
diameter of the lesion in (D–F) were 3.92cm, 3.28cm, and 3.00cm. Arrows in the figures indicate the position of lesions.
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benefit of this combination strategy, a prospective, multicenter,
randomized controlled clinical study is necessary.
CONCLUSIONS

Our case provides a new insight that PD-1 blockade combined with
TKIs can successfully convert advanced PD-L1-positive iCCA with
a high TMB into resectable iCCA, and no tumor cells were found in
the postoperative histopathological examination. The patient’s
survival time had reached 25 months, as of August 2021.
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