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Abstract

Combined hepatocellular-cholangiocarcinoma (cHCC/CCA) represents a rare type of primary
liver cancer with a very limited prognosis. Although just recently genomic studies have con-
tributed to a better understanding of the disease’s genetic landscape, therapeutic options,
especially for advanced-stage patients, are limited and often experimental, as no standardized
treatment protocols have been established to date. Here, we report the case of a 38-year-old
male patient who was diagnosed with extensive intrahepatic cHCC/CCA in an otherwise
healthy liver without signs of chronic liver disease. An interdisciplinary stepwise therapeutic
approach including locoregional liver-targeted therapy, systemic chemotherapy, liver trans-
plantation, surgical pulmonary metastasis resection, and next-generation sequencing-based
targeted therapy led to a prolonged overall survival beyond 5 years with an excellent quality
of life. This case report comprises several provocative treatment decisions that are extensively
discussed in light of the existing literature on this rare but highly aggressive malignancy.

© 2020 The Author(s)
Published by S. Karger AG, Basel

Introduction

Combined hepatocellular-cholangiocarcinoma (cHCC/CCA) represents a rare but highly
aggressive primary liver cancer featuring disease characteristics of both hepatocellular carci-
noma (HCC) and cholangiocarcinoma (CCA). Incidence rates are around 0.5 per 1,000,000
people and year and have been increasing over the last decades [1]. The overall prognosis of
patients with cHCC/CCA has remained poor, with a median overall survival of just 9 months
for all tumor stages combined [1]. Surgical resection represents the only curative therapy,
while liver transplantation (LT), which is mainly conducted due to initial misdiagnosis, has
shown no clinical benefit over tumor resection [2]. For unresectable cases, nonsurgical treat-
ment options include transarterial chemoembolization (TACE), radioembolization, or sys-
temic chemotherapy, but reliable data on the efficacy especially of liver-directed therapies are
missing [3]. With respect to systemic treatment, smaller series have revealed a benefit of plat-
inum-based chemotherapy (e.g., gemcitabine/cisplatin) over tyrosine kinase inhibitors (e.g.,
sorafenib) [3], but no randomized controlled trials are available. As disease-specific therapeu-
tic options are missing and standardized treatment protocols do not exist, cHCC/CCA patients
often undergo an individual and partly experimental therapeutic approach with divergent
clinical success.

Here, we report the case of a young patient with advanced-stage cHCC/CCA in which an
interdisciplinary personalized therapeutic approach that included a stepwise sequence of lo-
coregional therapy, systemic chemotherapy, LT, surgical resection, and molecularly targeted
therapy led to a prolonged overall survival beyond 5 years.
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Case Report

A 38-year-old male Caucasian patient was referred to the outpatient clinic in April 2014
with unexplained weight loss (4 kg in 6 months), physical exhaustion, and fatigue, as well as
elevated liver enzymes. The patient was an otherwise healthy man (ECOG PS 0) who, despite
mild obesity (BMI 28.4 kg/m?), had no relevant medical history. A CT scan revealed multiple
hypodense liver lesions in all liver segments with a maximum tumor diameter of 12.9 cm, as
well as two suspicious hepatic lymph nodes, but no sign of distant metastases (Fig. 1a). The
tumor revealed a slight peripheral hyperenhancement in the venous phase.

A PET-CT scan confirmed the presence of liver-limited disease with multiple intrahepatic
sites of FDG uptake but no signs of hypermetabolism in the suspicious hepatic lymph nodes
(Fig. 1b). The patient’s tumor marker levels (alpha-fetoprotein [AFP]: 1,031.0 ng/mL; carci-
noembryonic antigen: 89.1 ng/mL; CA19-9: 4,516 U/mL) and the unspecific contrast agent
uptake were suggestive of cHCC/CCA. Other routine laboratory markers of liver, kidney and
bone marrow function were within the normal range. A CT-guided liver biopsy revealed a
poorly differentiated keratin 7-positive adenocarcinoma, which was morphologically most
consistent with a CCA (Fig. 2a). Although AFP expression could not be demonstrated in the
tumor tissue (Fig. 2a), the fact that the serum AFP levels were >1,000 ng/mL suggested a
cHCC/CCA.

The case was extensively discussed on the interdisciplinary tumor board. Based on prom-
ising response rates of cHCC/CCA to TACE therapy and given the fact that the tumor burden
was limited to the liver (PET-negative, enlarged hepatic lymph nodes) but surgical resectabil-
ity was not given, we decided to initially treat the patient with bilobar triple-drug TACE (cis-
platin, mitomycin, and doxorubicin). Two weeks after TACE, we observed a divergent tumor
marker response with decreasing serum AFP levels but increasing CA19-9 levels (Fig. 1c), im-
plying that the HCC component of the suspected combined tumor was responding to the TACE
treatment but the CCA component did not.

We thus decided to initiate systemic treatment for advanced-stage CCA. Although the
combination of gemcitabine and cisplatin was considered standard of care, promising data
from smaller sets of patients, as well as an undergoing phase II clinical trial (PICCA study)
evaluating the potential benefit of epidermal growth factor receptor (EGFR) targeting in KRAS
wild-type CCA patients [4], led to the decision for a triple therapy with gemcitabine, cisplatin,
and panitumumab after confirmation of KRAS wild-type status in our patient. Despite a pap-
ulopustular skin rash, which is commonly observed in patients receiving anti-EGFR therapy
and in our case was successfully treated with topical phytomenadione (vitamin K1) and oral
tetracycline (minocycline 50 mg twice daily), the triple systemic therapy was initially well tol-
erated and resulted in a significant decrease in both AFP and CA19-9 serum levels (Fig. 1c).

The treatment response to the combination of TACE and systemic treatment was further
confirmed by a CT scan 5 months after initial diagnosis, which revealed a partial tumor re-
sponse of almost all hepatic tumor manifestations and no signs of new abdominal or thoracic
tumor manifestations (Fig. 1d). However, surgical resectability was still not given, and the pa-
tient’s bone marrow function was steadily deteriorating, with progressive thrombocytopenia
and neutropenia of CTCAE grade 3 and 4 during the last 4 weeks of treatment, urging us to
explore further treatment alternatives.

Following extensive discussion on the interdisciplinary tumor board (see Discussion sec-
tion for details), we decided to consider LT if an extended-criteria allocation offer that would
otherwise be discarded became available. After intraoperative exclusion of extrahepatic
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tumor manifestations in the two suspicious but PET-negative periportal lymph nodes, the pa-
tient underwent LT using an extended-criteria allocation organ that was rejected by several
transplantation centers and was unsuitable for all other local transplantation candidates in
October 2014. The histology of the explant liver revealed an extensively necrotic adenocarci-
noma with cholangiocellular differentiation and regressive changes measuring a maximum
diameter of 9 cm with no signs of lymphovascular invasion (pT2, pNO (0/3), LO, VO, RO). The
patient recovered fast following LT and was then treated with adjuvant gemcitabine and cis-
platin for 3 months and received a dual immunosuppressive therapy with tacrolimus (2 mg
once daily) and everolimus (1.25 mg twice daily). The subsequent follow-up examinations
(tumor marker assessment and CT and MRI scans) showed no sign of tumor recurrence for 16
months after LT.

In March 2016, however, the patient presented with newly developed pulmonary lesions
that were histologically confirmed as metastases of the CCA component of the cHCC/CCA (K19
positive, AFP negative; Fig. 2b). Based on the good initial tumor response to systemic chemo-
therapy and the recovery of the patient’s bone marrow function, we reinduced systemic treat-
ment with gemcitabine and cisplatin, which first resulted in a partial response (after 3
months) and subsequently also in stable disease of all pulmonary lesions.

However, about 15 months after reinduction of systemic therapy (in June 2017), the side
effects of chemotherapy worsened again (thrombocytopenia and neutropenia grade 3-4 de-
spite bone marrow stimulation), which made it clinically impossible to continue with this
therapy regimen. Given the good pulmonary response to chemotherapy, the absence of addi-
tional abdominal or thoracic tumor manifestations, and the inability to continue chemother-
apy, we performed a two-stage surgical metastasectomy in June/August 2017 using a “per-
sonalized therapeutic approach,” from which the patient recovered well.

To identify therapeutically tractable molecular lesions, the patient was enrolled in the
MASTER (Molecularly Aided Stratification for Tumor Eradication Research) program of the
German Cancer Consortium, a registry trial for genomics-guided stratification of younger
adults with advanced-stage cancer across all histologies. Whole-genome and RNA sequencing
of the resected lung metastases revealed a COLGB1-MET fusion, as well as high FGFR4 and
low CDKN2A expression. Based on the promising antitumoral activity of crizotinib - a multi-
tyrosine kinase inhibitor that targets ROS, ALK and MET tyrosine kinases - in MET fusion-
bearing pediatric glioblastoma patients [5], we started systemic therapy with crizotinib when
the patient showed recurrence of pulmonary metastases in January 2018. Despite missing
data on the usage of crizotinib in liver-transplanted patients receiving immunosuppressive
therapy, the drug was well tolerated without clinically significant side effects. The patient
showed a partial response/stable disease of almost all pulmonary metastases (after 3 and 7
months, respectively), but we observed a single lesion in the right lower lobe which was in-
creasing in size after 7 months. While continuing treatment with crizotinib, we subsequently
performed a video-assisted thoracoscopic resection of this individual metastasis and con-
ducted a second NGS of this metastasis to unravel further genetic alterations that were not
sufficiently targeted by crizotinib.

Interestingly, besides the previously observed SMARCA4 deletion, this analysis revealed
a high-level FGFR3 gene amplification in the single progressive metastasis. Given that len-
vatinib represents a multikinase inhibitor targeting the FGFR family among others, we de-
cided to switch systemic treatment to lenvatinib when the patient showed disease progres-
sion in terms of novel bone metastases (humerus, sternum, and lumbar vertebral body 5), as
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well as cerebral metastasis, in December 2018. The cerebral and bone metastases were fur-
ther treated with radiation therapy.

Although the treatment with lenvatinib led to a partial response of the cerebral metastasis
and stable disease of the pulmonary metastases at 3 months, we observed progressive bone
metastases (lumbar vertebral body 3, 4, and 5) in February 2019. Immunohistochemistry
showed a partially necrotic keratin 7-positive adenocarcinoma now also being positive for
AFP (Fig. 2c). In a third NGS approach, we observed an activating MET mutation
(p-Tyr1230Cys) which has been described as a secondarily acquired resistance mutation fol-
lowing crizotinib treatment, but no other potentially druggable target. Furthermore, the pro-
gressive clinical deterioration due to rapid tumor progression made further antitumoral ther-
apy impossible, and we assigned the patient to active symptom control. The patient deceased
in June 2019, having survived for 62 months following the diagnosis of advanced-stage
cHCC/CCA.

Discussion

cHCC/CCA is a rare type of liver cancer with a dismal prognosis. Due to its comparatively
low incidence rate, the evolving pathophysiological and molecular understanding of the dis-
ease, and the high percentage of misdiagnosed patients who are treated either as HCC cases
or as CCA cases, no tumor-specific treatment options have been established yet and standard-
ized treatment protocols for cHCC/CCA are missing. In this report, we presented the case of a
young patient who was diagnosed with advanced-stage cHCC/CCA and who responded excep-
tionally well to an unconventional personalized therapeutic approach including locoregional
liver-directed therapy, systemic chemotherapy, LT, surgical metastasis resection, and preci-
sion oncology. Despite the limited availability of data on the efficacy and safety profiles of
some of the therapeutic decisions in the context of cHCC/CCA, and especially of their com-
bined application (e.g., NGS-based targeted therapy following LT), the patient showed an un-
expected long-term survival beyond 5 years.

As a first line of treatment, we decided on a combination of bilobar triple TACE and sys-
temic chemotherapy with gemcitabine, cisplatin, and panitumumab. The role of locoregional
liver-directed therapies for cHCC/CCA has only been poorly understood to date. In 2010, Kim
et al. [6] reported a tumor response rate of 70% following TACE therapy in a series of 50
cHCC/CCA patients, prompting us to choose TACE therapy as a first-line approach for our pa-
tient with unresectable advanced but liver-limited tumor manifestation. More recently, it has
been shown that combined tumors with a global contrast enhancement pattern benefit to a
larger extent from TACE therapy in terms of tumor response and overall patient survival when
compared to peripherally enhancing tumors, implying that HCC-dominant cHCC/CCA tumors
represent the better TACE candidates [7].

The divergent tumor marker response with increasing levels of CA19-9 three weeks after
TACE therapy suggested that the CCA component of the combined tumor had not been treated
adequately and prompted the decision for systemic treatment. Although prospective random-
ized controlled studies are missing, most retrospective meta-analyses have favored CCA-di-
rected systemic treatment (e.g., gemcitabine/cisplatin) over sorafenib for advanced-stage
cHCC/CCA [3]. Based on the promising results from a phase II study showing an encouraging
antitumor activity with good tolerability of cetuximab in combination with gemcitabine/oxa-
liplatin [4], as well as from the - at this time - ongoing PICCA trial evaluating the addition of
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panitumumab to gemcitabine/cisplatin in cases of KRAS wild-type biliary tract cancer, we de-
cided on a triple-drug therapy with gemcitabine, cisplatin, and panitumumab. Although this
therapy was well tolerated and revealed an excellent tumor response in our patient, the neg-
ative final results from the PICCA trial argue against a benefit from anti-EGFR targeting in CCA.
As checkpoint inhibitors (e.g., anti-PD1, anti-PD-L1, and anti-CTLA4) and their combination
with other antitumoral drugs are being clinically tested for CCA and have already shown a
significant survival benefit in HCC (e.g., IMbrave-150 trial), a potential future application of
immunotherapy to cHCC/CCA should also be considered, and these patients should be en-
rolled in clinical (basket) trials.

To perform LT on a patient with advanced-stage cHCC/CCA remains the most controver-
sial treatment decision in our interdisciplinary approach. LT is an established treatment op-
tion for early-stage HCC patients, but it does not represent standard of care for patients with
intrahepatic CCA or cHCC/CCA. Survival rates following LT are lower among patients with
cHCC/CCA than among those with HCC or CCA, and a larger meta-analysis showed no survival
benefit from LT over surgical resection in cHCC/CCA patients [2]. However, recent data have
suggested a benefit from LT over surgical resection for smaller cHCC/CCAs and intrahepatic
CCAs (<5 cm) in the setting of cirrhosis, and a smaller series of patients with advanced-stage
CCA who showed an excellent tumor response to systemic chemotherapy, and were subse-
quently undergoing transplantation with extended allocation organs that would otherwise
have been discarded, revealed a promising 5-year survival rate of 83.3% [8].

In our case, we were facing a very young patient with an excellent response to chemo-
therapy but without surgical resectability, no distant metastases, and increasing side effects
of systemic treatment limiting its continuation. On the other hand, we still observed a large
hepatic tumor manifestation (>5 cm) as well as suspicious hepatic lymph nodes, both repre-
senting negative prognostic factors for LT. Nevertheless, we finally decided on performing LT
following intraoperative confirmation of node-negative disease, using an extended criteria al-
location offer that had been rejected by several transplantation centers, was not suitable for
any other LT candidate at our own center, and would otherwise have been discarded. Im-
portantly, the individual decision for LT, which necessitated permanent postoperative immu-
nosuppression, did not limit any further palliative treatment options such as systemic chem-
otherapy or NGS-based targeted therapies.

When we observed pulmonary tumor recurrence after LT and conventional systemic
chemotherapy was no longer applicable due to severe systemic side effects, we decided on an
NGS-based diagnostic approach to unravel the tumor’s individual genetic landscape and to
identify potentially druggable targets. We identified a COLGB1-MET fusion as the most prom-
inent genetic aberration and successfully initiated a targeted therapy with the MET inhibitor
crizotinib, which sufficiently controlled tumor growth for almost 1 year. The genetic land-
scape of cHCC/CCA has only recently come into focus. The most frequently observed genetic
mutations in cHCC/CCA are alterations in TERT, TP53, cell cycle genes such as CCND1 or
CDKN2A, MET, KRAS, PTEN, and Wnt pathway genes, whereas alterations in genes typically
mutated in intrahepatic CCA, such as IDH1, IDHZ, and BAP1, are less common [9]. However,
these mutations occur very heterogeneously, and no NGS-/mutation-based therapy has been
approved for the treatment of cHCC/CCA to date. Interestingly, while we observed good tumor
control of almost all pulmonary metastases under treatment with crizotinib, a single metasta-
sis progressed after 7 months of treatment, implying that mutation-based targeted therapy
might also be a driver of further genetic alterations. Again, we initiated NGS-based treatment
with lenvatinib to target the high-level FGFR3 amplification we found in this specific
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metastasis. Although the tumor only partially responded, the NGS-based therapy resulted in
sufficient tumor control for over 1 year in a patient that was unable to continue standard
chemotherapy and would otherwise have been assigned to active symptom control.

Given its wide heterogeneity in terms of tumor genetics and clinical appearance, the di-
agnosis of cHCC/CCA has remained challenging, and misdiagnoses (e.g., as HCC or CCA) are
commonly observed. Although specific patterns of contrast agent enhancement have been de-
scribed for cHCC/CCA [10], there is no imaging technique allowing a definite noninvasive di-
agnosis. Thus, early tumor biopsy is recommended if cHCC/CCA is suspected. Nevertheless, a
guided biopsy can only reveal information on a small fracture of the whole tumor and might
thus not always be fully representative. In our case, the guided biopsy in combination with
highly increased levels of AFP, CA19-9, and carcinoembryonic antigen led to the diagnosis of
cHCC/CCA. However, our histological analysis of the explanted liver (after local ablative and
chemotherapy) did not reveal any viable HCC component, while the biopsy from the bone me-
tastases in the final disease stage showed AFP-positive tumor cells, suggesting an initial treat-
ment response and a dormant HCC clone leading to metastasis during the further clinical
course. This scenario is further supported by the decreasing AFP levels after TACE suggesting
a treatment response in HCC patients. These findings highlight the diagnostic challenges re-
garding cHCC/CCA tumors and argue for standardized diagnostic algorithms to allow a defi-
nite diagnosis of this heterogeneous tumor entity.

In summary, this case report presents an individual interdisciplinary therapeutic ap-
proach for a patient with advanced-stage unresectable cHCC/CCA who clearly outperformed
historical periods of survival with long-term survival beyond 5 years. Given the low incidence
rate, the lack of specific therapeutic options, and the high heterogeneity of cHCC/CCA, we sug-
gest that these patients should be enrolled in large registries or molecular-driven basket trials
whenever possible.
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Fig. 1. CT and PET scans of hepatic tumor manifestation and course of tumor markers following initial
treatment. a Abdominal CT scan revealing an extensive hepatic tumor manifestation with multiple hypo-
dense liver lesions in all liver segments with a maximum tumor diameter of 12.9 cm. b 18F-FDG-PET/CT
scan confirming the presence of liver-limited disease with multiple intrahepatic sites of FDG uptake but no
sign of hypermetabolism in the suspicious hepatic lymph nodes. ¢ TACE therapy resulted in a divergent
tumor marker response, with decreasing serum AFP levels but increasing CA19-9 levels. Additional sys-
temic therapy with gemcitabine, cisplatin, and panitumumab resulted in a significant decrease in both AFP
and CA19-9 serum levels. d The combination of TACE and systemic therapy resulted in a significantly re-
duced hepatic tumor manifestation on abdominal CT scans 6 months after diagnosis of cHCC/CCA. TACE,
transarterial chemoembolization; AFP, alpha-fetoprotein; cHCC/CCA, combined hepatocellular-cholangio-
carcinoma.
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Fig. 2. Histology of the liver tumor, pulmonary metastases, and bone metastases. a CT-guided liver biopsy
revealed a poorly differentiated K7-positive but AFP-negative adenocarcinoma, which was morphologi-
cally most likely consistent with a cholangiocarcinoma. b CT-guided biopsy of the pulmonary lesions con-
firmed K19-positive but AFP-negative metastases. ¢ Immunohistochemistry of lumbar vertebral body 3
metastases showed a partially necrotic K7-positive adenocarcinoma now also being positive for AFP.
K7/19, keratin 7/19; AFP, alpha-fetoprotein.
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