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Introduction

Cholangiocarcinoma (CCA) is an aggressive disease, with
poor prognosis and limited therapeutic options. Standard
chemotherapy (ChT) for advanced CCA is still unsatis-
factory, with a median overall survival of, 12 months.1-3

CCA is a molecularly heterogeneous disease, and several
potential molecular targets are reported in up to 47% of
patients.4 Among these, microsatellite instability-high
(MSI-H) status is found in , 1% of cases,4 but it is
relevant given the unprecedented benefit of MSI-H
cancers from immune checkpoint inhibitors.5 However,
mechanisms of acquired resistance to immune check-
point inhibition in MSI-H patients need to be elucidated.

Here, we present the clinical history and molecular
characterization of a patient with advanced, MSI-H
distal CCA (dCCA) treated with ChT, immunotherapy
(IO), and repeated surgeries and longitudinally profiled
in both tumor samples and liquid biopsies.

The patient provided informed consent for his case to
be published and for various studies approved by the
institutional ethics committee, allowing the use of
clinical and molecular data.

Other than for his case to be published, the patient
provided informed consent for the studies: “Exploratory
evaluation of new potential prognostic factors in patients
with gastrointestinal carcinomas and neuroendocrine
neoplasms,” “Monitoring of response to conventional or
targeted anticancer therapies in patients with chol-
angiocarcinoma using circulating tumor DNA (ctDNA)
analysis,” and “An observational study on the feasibility
and usefulness of an extensive molecular character-
ization using FoundationOne CDx in patients with bil-
iopancreatic cancers.” All these studies were approved
by the institutional ethics committee (INT 117/15, INT
177/14, and INT 105/19, respectively) and allowed use
of clinical and molecular data for research purposes.

Clinical Case

In June 2016, a 35-year-old man presented at our
institution with right-sided abdominal pain associated

with jaundice and cancer antigen 19.9 (CA19.9) in-
crease (73.42 U/mL). He had a history of neonatal
jaundice caused by a choledochal cyst and treated
with a cyst-jejunum anastomosis (Roux en Y). Com-
puted tomography imaging showed a 5-cm mass
originating from the distal biliary tract and enlarged
regional lymph nodes. After successful biliary de-
compression and confirmed histologic diagnosis of
dCCA, the disease was deemed unresectable. After
jaundice resolution, CA19.9 levels remained below the
normality threshold (37 U/mL) throughout the disease
course. Overall, the patient’s history is depicted in
Figure 1. He received upfront cisplatin plus gemci-
tabine for 6 months with a partial response (PR)
that allowed us to perform pancreatoduodenectomy
(ypT4N+). Multiplex polymerase chain reaction (PCR)
using five quasimonomorphic mononucleotide
markers (BAT-25, BAT-26, NR-21, NR-22, and NR-
24) showed instability in all the markers, and thus, the
cancer was classified as MSI-H. Germline mutations in
MLH1, MSH2, MSH6, EPCAM, and PMS2 were ab-
sent. Despite adjuvant capecitabine–based chemo-
radiation, early relapse with the appearance of
peritoneal and liver metastases was observed.
Therefore, the patient started atezolizumab within a
clinical trial. The treatment was administered at the flat
dose of 1,200 mg once every 3 weeks and achieved a
PR (–34%), which was sustained for 14 cycles until
liver, peritoneal, and nodal disease progression (Fig 2).
Then, second-line ChT with fluoruracil plus oxaliplatin
achieved a new PR, thus allowing a repeated surgical
resection of the liver lesion, right hemicolectomy with
removal of the peritoneal nodule, and regional lym-
phadenectomy in December 2018. Molecular profiling
(FoundationOne CDx6) confirmed the MSI-H status,
with a high tumor mutational burden (TMB, 48 Muts/
Mb) and several gene alterations (Fig 3), including a
subclonal mutation of ATM and a BRCA2 deletion. No
germline mutation in BRCA1 and BRCA2 was docu-
mented. After approximately 6 months, disease pro-
gression occurred and retreatment with cisplatin and
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FIG 1. Patient’s disease history and treatment sequence paired with ctDNA evaluation. The timeline displays sequential treatment that the
patient received from diagnosis (June 2016) until death (October 2020). Reported VAF% refers to data obtained by ddPCR personalized
assays. At selected times (aNovember 2017, July 2018, and April 2020 in the plot), plasma samples were subjected to direct sequencing with
the Oncomine Pan-Cancer Cell-free assay, and the identified variants, confirmed by ddPCR, were tracked at subsequent timepoints. CA19.9
levels are reported, with the red dashed line indicating the normal value threshold (, 37 U/mL). ATRi, ATR serine/threonine kinase inhibitor;
CA, cancer antigen; CisGem, cisplatin plus gemcitabine; ctDNA, circulating tumor DNA; ddPCR, digital droplet polymerase chain reaction;
FOLFOX, fluoruracil plus calcium levofolinate plus oxaliplatin; PD, progressive disease; PR, partial response; RT, radiation therapy; SD, stable
disease; VAF, variant allele fraction.
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Januray 2018 
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FIG 2. CT scan evaluations depicting
immune checkpoint inhibitor treatment
efficacy. At treatment start (first column
on the left), the patient had disease re-
lapse with liver metastases, retroperito-
neal lymph nodes, and one peritoneal
nodule. Treatment with atezolizumab
lasted for 14 cycles, with significant PR
(–34%). Disease progression was
documented with enlargement of the
liver lesions (+28%). CT, computed to-
mography; PD, progressive disease; PR,
partial response.
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gemcitabine achieved a new PR. A new surgical approach
was performed, but retroperitoneal nodal disease pro-
gression occurred within twomonths. Therefore, the patient
was treated at first in a phase I study evaluating an ATR
serine/threonine kinase inhibitor and then with off-label use
of olaparib, but the rapid clinical deterioration caused by a
liver abscess did not allow him to receive continuous

dosing. The patient deceased because of disease pro-
gression soon thereafter.

Molecular Profiling

The disease was monitored during treatments by serial
liquid biopsies that combined tracking single-nucleotide
variants (SNVs) identified at the tissue level and targeted
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FIG 3. OncoPrint of genetic alterations detected in four sequential tumor samples with the FoundationOne CDx panel. The baseline biopsy tissue and
subsequent three surgical specimens were sampled for the analysis. The third sample was sequenced while the patient was still alive, thus guiding
therapeutic decisions, whereas others were analyzed a posteriori. FMI, FoundationOne CDx; TMB, tumor mutational burden.
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sequencing for identification of new SNVs, as shown in
Figure 1. ctDNA was evaluated at baseline and at disease
re-evaluations, whenever the patient accepted to undergo
an additional blood sample. In detail, ctDNA was at first
analyzed by digital droplet PCR (ddPCR) using a custom
mutation-specific ddPCR assay targeted on the known
driver mutation (KRAS G13D), designed using the Thermo
Fisher custom SNP genotyping assay tool. At specific
timepoints, the ctDNA fraction was evaluated a posteriori by
direct sequencing using the 52-gene panel Oncomine Pan-
Cancer Cell-Free Assay. All called variants were then val-
idated using the corresponding ddPCR assay at all the
timepoints.

ctDNA level variations mirrored radiologic disease evolu-
tion. Moreover, liquid biopsies were able to capture tumor
clonal evolution: KRAS G13D mutation was detected in the
early phase of patient history and allele fraction raised with
disease progression, while shrinking with response to IO;
conversely, CTNNB1 S45F mutation appeared at IO pro-
gression, and allele fraction levels raised alongside the
increase of tumor burden.

Comprehensive genomic profiling was obtained in all
available tissue samples (Fig 3). The mutational landscape
was characterized by a large number of alterations mostly
represented by small deletions, as expected in MSI-H
cases, and heterogeneity in the presence or absence of
specific alterations across samples (eg, CDH1 and
BRCA2), consistent with tumor heterogeneity or sub-
clonality. Notably, the TMB progressively increased in each
sample analyzed, highlighting a very heterogeneous
landscape or treatment-induced evolution of clonal
diversity.

Pathologic Features

After retrospective histopathologic evaluation of surgical
samples (Fig 4), specimen No. 1 (2017, pre-IO treatment)
showed a predominantly solid, poorly differentiated ade-
nocarcinoma, whereas samples No. 2 and No. 3 (2018 and

2019, respectively, both after IO) showed extensive ex-
tracellular mucin production and signet-ring cell features.
Programmed death ligand-1 expression showed a slight
increase across longitudinal samples (0%, 5%, and 10%,
respectively). Both CD3 and CD8 showed a decreasing
prevalence of tumor-infiltrating lymphocytes (TILs; 85, 38,
and 35 CD3+ cells/high power field in No. 1, No. 2, and No.
3, respectively, and 43, 27, and 21 CD8+ cells/high power
field in No. 1, No. 2, and No. 3, respectively). Of note,
although in sample No. 1, we found a significant proportion
of intraepithelial TILs, in No. 2 and No. 3, only scattered
CD3+ and CD8+ T cells were found in direct contact with
tumor cells. Remarkably, we found a heterogeneous ex-
pression of β-catenin in samples No. 1 and No. 2 (30% and
5% of immunoreactive cancer cells, respectively), whereas
there was a diffuse β-catenin immunoreactivity (70%) in the
last sample (No. 3), which was consistent with protein
impaired degradation and accumulation because of
prevalence of the subclone with CTNNB1 gene mutation.

Immunohistochemical analysis of the DNA mismatch re-
pair complex status revealed MLH1 and PMS2 loss across
all the samples at the three timepoints, whereas MSH2 and
MSH6 were retained (Fig 5).

Discussion

Our case is unique from both the clinical and molecular
point of view. The longitudinal availability of blood and
tumor tissue samples in a MSI-H patient treated with ChT
and IO is a novelty, and it allows us to investigate secondary
resistance mechanisms to immune checkpoint inhibitors in
MSI-H dCCA, which are not established yet. In addition, it
offers a proof of concept of the value of liquid biopsy in
identifying resistance mechanisms missed by tissue mo-
lecular profiling.

Indeed, ctDNA analysis has potential clinical value for
patients with CCA.7,8 Specifically for dCCA, in which tissue
biopsies are often a challenge, liquid biopsy provides a valid
tool not only for treatment response monitoring but also for

1
(2017)

2
(2018)

3
(2019)

H&E β-Catenin PD-L1 CD3 CD8
FIG 4. Pathologic features of the pre-
treatment and treatment-resistant tu-
mors. Tumor CD3+ and CD8+ immune
cells’ prevalence, β-catenin expression,
and PD-L1 expression were evaluated by
immunohistochemistry through the
GA503 (Dako, Santa Clara, CA), C8/
144B (Dako), β-Catenin-1 (Dako), and
the 22C3 pharmDx (Dako) antibody
clones, respectively. CD3+ and
CD8+ immune cell infiltration was
quantitatively assessed by evaluating the
average number of immunoreactive
cells per high power field
(400× magnifications). β-catenin was
evaluated taking into account the prevalence of tumor cells showing membranous and cytoplasmatic immunoreactivity. PD-L1 positivity was reported as the
percentage of immunoreactive cancer cells, adopting the Tumor Proportion Score. H&E, hematoxylin and eosin; PD-L1, programmed death ligand-1.
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an early detection of tumor evolution and for identifying new
treatment targets. Our case shows well how ctDNA could
help identifying emerging subclones resistant to ongoing
treatments.

Notably, the KRAS G13D mutation spiked at the first re-
lapse and then significantly reduced during treatment with
IO, thus mirroring tumor burden. CTNNB1 S45F emerged
at acquired resistance to atezolizumab, whereas TP53
R280I mutation progressively increased in the last 2 years,
again mirroring chemoresistance9 and gradual increase of
tumor burden.

The appearance of CTNNB1 S45F mutation in ctDNA is
remarkable since aberrant WNT signaling is associated with
impaired anticancer immunity and considered a key con-
tributor to tumor progression and resistance to checkpoint
inhibitors.10-12 Indeed, tumor cell–intrinsic WNT/β-catenin
signaling has been shown to prevent antitumor immunity in
melanoma13 and in hepatocarcinoma.14,15 Furthermore,
Luke et al16 profiled the correlation of WNT/β-catenin sig-
naling and the T-cell–inflamed tumor microenvironment
across The Cancer Genome Atlas and showed a pan-cancer
association of this signaling pathway with immune exclusion.
The role of the Wnt/β-catenin pathway as the primary re-
sistance mechanism in MSI-H gastrointestinal cancers was
also suggested by Kwon et al,17 who evaluated the genomic,

immunologic, and clinical outcome heterogeneity within
MSI-H gastric cancers treated with programmed cell death
protein-1 blockade.Wewere able to track a specific genomic
alteration in the WNT pathway that was initially undetectable
and possibly drove acquired resistance to immune check-
point inhibition. Failure to detect the CTNNB1 mutation at
tissue sequencings could be due to temporal and spatial
heterogeneities, which are quite relevant in MSI-H cancers
where thousands of frameshifts and SNV mutations mount
up over time. However, we found a diffuse β-catenin im-
munoreactivity (70%) in the final surgical sample, consistent
with protein-impaired degradation and accumulation be-
cause of prevailing of the subclone with CTNNB1 gene
mutation over time. In addition, the role of the Wnt/β-catenin
pathway in immune exclusion is also supported by the
decreasing prevalence of TILs in the tumor samples of our
patient after IO, despite the increase of the TMB over time.

In conclusion, our report describes a unique case of a
young patient affected by MSI-H dCCA, for whom the
combination of aggressive surgery, ChT, and IO ultimately
ended in a survival largely above the median overall survival
reported in the literature for this disease. The complex
mutational landscape of our case, and of CCA overall,
highlights the utility of longitudinal and multimodal mo-
lecular profiling in these rare cancers.
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