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Abstract

Cholangiocarcinoma is a very heterogenous cancer and “target-rich” disease. While the cur-
rent classifications are based on the anatomic location of these tumors (intrahepatic cholan-
giocarcinoma, extrahepatic cholangiocarcinoma, and gallbladder cancer), tumors within and
across these disease groups have unique and often mutually exclusive molecular aberrations.
Amongst these, fibroblast growth factor receptor 2 (FGFR2) fusion is one of the first amongst
the list of "actionable” targets for which the US Food and Drug Administration just approved
pemigatinib. This is for patients with cholangiocarcinoma who have received prior treatment
and have FGFRZ2 fusion or another rearrangement. This was based on the results from the
clinical trial FIGHT-202 (NCT02924376). At present, several FGFR inhibitors are actively being
tested in several agnostic and tumor-specific clinical trials. Patients also have had the oppor-
tunity of getting access to some of these oral drugs through compassionate use programs.
As a consequence, these patients have more options in addition to chemotherapy. These all
tend to have “good"” initial responses and improvement in performance status and later “ac-
quired” mechanisms of resistance. The latter tend to often be gatekeeper mutations that by-
pass the inhibitory effects of these selective FGFR inhibitors and/or cause steric hindrance.
These tumors, therefore, evolve on selective pressure (temporal heterogeneity). This can be
captured noninvasively using "liquid biopsies” (circulating tumor DNA testing). Here we pres-
ent cases (several years into treatment on average) showing the feasibility of using liquid bi-
opsies (ctDNA testing) as well as the gain and later potential loss of intratumoral and tempo-
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ral heterogeneity exhibited under selective pressure of these novel FGFR inhibitors,
chemotherapy and/or locoregional therapies. Despite limitations in sample size and provider
bias, it is important to identify these “exceptional responders” and/or better outcomes that
may be inherent to the biology of FGFR fusion-positive cholangiocarcinomas.
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Introduction

Cholangiocarcinoma (CCA) is a very heterogenous cancer and “target-rich” disease
(Fig.1) [1-3].Asdepictedin Figure 1, thisis secondary to the increasingnumber of “actionable”
targets for which there are either approved drugs or trials with biological rationale and/or
preliminary results already showing activity. This highlights the importance and value of
moving toward mandatory tumor-based somatic panel-based genetic testing to test for the
presence of these targets in patients with CCA. While the current classifications are based on
the anatomic location of these tumors (intrahepatic CCA [iCCA], extrahepatic CCA, and gall-
bladder cancer), tumors within and across these disease groups have unique and often
mutually exclusive molecular aberrations. For example, while fibroblast growth factor
receptor 2 (FGFRZ2) fusion or rearrangements and IDH1/2 mutations are often seen in iCCA,
BRAF-V600E mutations and HER2/Neu-positive tumors predominate in the subset of extra-
hepatic CCA and/or gallbladder cancers.

Amongst these, FGFRZ fusion is one of the first on the list of “actionable” targets for which
the US Food and Drug Administration (FDA) just approved pemigatinib. This is for patients
with CCAwhohavereceived priortreatmentand have FGFRZ fusion or another rearrangement.
This was based on the results from the clinical trial FIGHT-202 (NCT02924376) [4].

At present, several FGFR inhibitors are actively being tested in several agnostic and
tumor-specific clinical trials. Patients also have had the opportunity of getting access to some
of these oral drugs through compassionate use programs. As a consequence, these patients
have more optionsin addition to chemotherapy. These all tend to have “good” initial responses
and improvement in the performance status and later “acquired” mechanisms of resistance.
The latter tend to often be gatekeeper mutations that bypass the inhibitory effects of these
selective FGFR inhibitors or result in steric hindrance. These tumors, therefore, evolve on
selective pressure (temporal heterogeneity) [5, 6]. This can be captured noninvasively using
“liquid biopsies” (circulating tumor DNA [ctDNA] testing) [5-7].

Here we present several cases of patients still undergoing active treatment showing the
feasibility of using ctDNA, as well as the gain and later potential loss of intratumoral and
temporal heterogeneity exhibited under selective pressure of these novel FGFR inhibitors,
chemotherapy and/or locoregional therapies. Of specific note is the overall survival noted in
these patients. All patients are alive and still on active treatment.

Case Presentations

The cases presented and illustrated in Figure 2 all carry the diagnosis of metastatic “intra-
hepatic” CCA and are still under active treatment. The specific FGFRZ fusion or rearrangement
is also shown. The patients labeled case 1, 2 and 3 are 52, 47 and 60 years of age, respectively.
BICC1 is noted to be the FGFRZ fusion partner for 2 of these patients. The third patient has a
FGFR2-LRRFIP fusion. The first 2 patients are females and 1 is male.

1
Karger <

942



Case Rep Oncol 2020;13:941-947
Case Re ports DOI: 10.1159/000509075 © 2020 The Author(s). Published by S. Karger AG, Basel

in OnCOIOgy www.karger.com/cro

Kasi: ctDNA in FGFR2-Positive Cholangiocarcinomas

FGFR2-fusion or
rearrangements

: MET
NTRK gene fusions

FGFR-mutations

MSI-High
CDK4/6
IDH1/2 mutations
P CCND1/2
POL-E mutations/ Cho,langlo
-Hi arcinoma -
TMB-High e coma Others KRAS
Biliary Tract
BRCA/DNA-Damage Cancers PIK3CA
Repair (DDR) related
aberrations ARIDIA
BRAF (V600E/non- m——
V600E) mutations
EGFR
HER2/Neu +
(ERBB2

amplification)

Fig. 1. Cholangiocarcinomas (biliary tract cancers) are often referred to as “target-rich.” As depicted in the
figure, this is secondary to the increasing number of “actionable” targets for which there are either approved
drugs or trials with biological rationale and/or preliminary results already showing activity. This highlights
the importance and value of moving toward mandatory tumor-based somatic panel-based genetic testing to
test for the presence of these targets in patients with cholangiocarcinoma. These often tend to be mutually
exclusive. While FGFRZ fusion or rearrangements and /DH1/2 mutations are often seen in intrahepatic chol-
angiocarcinomas, BRAF-V600E mutations and HER2/Neu-positive tumors predominate in the subset of ex-
trahepatic cholangiocarcinomas and/or gallbladder cancers [1-3].

All the patients have had exposure to both standard of gemcitabine/platinum-based
chemotherapy regimens as well as a selective FGFR inhibitor. These also include the later
fluoropyrimidine /bevacizumab-based regimen for 1 patient and the addition of nab-pacli-
taxel to the platinum doublet for the other 2 patients.

Locoregional therapies have been employed in 2 patients and are being considered for
the third. SBRT to symptomatic lung lesions in 1 patient and proton therapy to the dominant
liver lesion symptomatic in another had resulted in obstructive jaundice earlier that resolved
following chemotherapy and now radiation. While traditionally, locoregional treatment
options including surgery are often only considered in patients without metastases, given
significant intratumoral and temporal heterogeneity post-targeted therapies, this presents a
unique situation where it would not be unreasonable to revisit some of these options in the
right context.
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Fig. 2. Summary of outcomes and follow-up on treatment in patients with FGFR fusion-positive metastatic
cholangiocarcinoma. They are all alive and on different active treatments at the time of submission of this
report. The timeline is in months. As noted, patients with post-FGFR-inhibitor exposure develop clonal as
well as polyclonal multiple gatekeeper mutations, some of which are known to cause activation of the path-
way and/or hindrance of the FGFR inhibitor receptor binding. The circled numbers represent new clones
detected on ctDNA that were not present on comprehensive NGS commercial panel-based testing platforms
on their baseline tissue in all 3 and in 2 who had liquid biopsies done at baseline as well (showing that these
were truly acquired). The timeline of acquisition also corroborates this since they only appeared at or before
progression on FGFR inhibitors.

As noted in Figure 2, the patients’ tumors following FGFR inhibitor exposure develop
clonal as well as polyclonal multiple gatekeeper mutations, some of which are known to cause
activation of the pathway and/or hindrance of the FGFR inhibitor receptor binding [5, 6]. The
circled numbers represent new clones detected on ctDNA that were not present on compre-
hensive NGS commercial panel-based testing platforms on their baseline tissue in all 3 and in
2 who had liquid biopsies done at baseline as well (representing that these were truly
acquired). The timeline of acquisition also corroborates this since they only appeared at or
before progression on FGFR inhibitors [5, 6].

Furthermore, in studies where they had access to a repeat biopsy or tissue post-mortem,
the acquired mechanisms of resistance are not present in all the tumors in the same patient
at the same instant in time [5]. This supports the considerations toward employing locore-
gional treatments to potentially the areas that show discordant progression to “reset the
clock.” In patient 3 (Fig. 2), we repeated liquid biopsies following exposure to chemotherapy
and FGFR treatment break. The detectable ctDNA clones disappeared. A repeat tissue biopsy
also confirmed that these acquired mechanisms of resistance were either not present in the
tissue sampled (intratumoral heterogeneity) or disappeared on exposure to a different drug
(temporal heterogeneity).
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Fig. 3. Examples of just a few of the FGFR inhibitors that have already shown promise especially for FGFR
fusions as opposed to mutations. The ones in green have already received US FDA approval for the disease
types as shown. These drugs have variable degrees of potency and binding to various receptors/off-target
effects. Resistance to one drug does not automatically exclude the use of others.

Discussion and Conclusion

FGFR fusions tend to be exclusively present in iCCA. The range reported is variable across
studies. It is anywhere between 11 and 20%; probably higher in studies that enriched/clas-
sified for iCCA better [8, 9].

Even within iCCA, it seems that different etiologies lead to the presence or absence of this
aberration. For example, a recent study by Kongpetch et al. [9] from Thailand noted that FGFR
fusions were lacking in “liver-fluke”-associated CCA as opposed to “non-fluke”-associated
CCA (1/121; 0.8%; vs. 11/95; 11.6%, p = 0.0006).

Previous and ongoing current classification schema and terminologies used to describe
CCA are anatomic in origin. For example: iCCA, perihilar CCA, or distal CCA [10]. Other papers
and trials may group and use the terminologies/abbreviations iCCA, extrahepatic CCA and
gallbladder cancers. However, itis increasingly becoming clear that even within these subsets,
these are very different molecular subsets of diseases. While as of right now, it is not playing
too much of a role concerning the earlier stages of CCA, in the metastatic setting, the value of
genomic profiling to identify these actionable findings for CCA is increasingly being recog-
nized. While still not endorsed in guidelines, this should become standard of care at least for
patients with metastatic CCA.

Trials with various FGFR inhibitors have already shown promise, especially for FGFR
fusions as opposed to mutations [8, 11]. Figure 3 shows examples of just a few of them [8,
11]. The ones in green have already received US FDA approval for the disease types as
shown. These drugs have variable degrees of potency and binding to various receptors/
off-target effects. Resistance to one drug does not automatically exclude the use of oth-
ers [12].

Overall, the incidence of iCCA is rising [13]. Some of this may very well be due to appro-
priate diagnostic classification secondary to better imaging modalities, pathology and now
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molecular testing. A lot of these historically and even now start off as cancers of unknown
primary, and then later are labeled as CCA. It is intriguing to note that the fall of numbers of
cancers of unknown primary and the rise of CCA corroborate this.

In summary, CCA is indeed a “target-rich” disease [1]. Recent molecular profiling studies
estimate for this to be in the range of 30-40% [1, 9, 13]. However, it is likely even higher
given the increasing number of targeted therapy options with published trials and/or close
to approval/already approved. The FGFR inhibitor pemigatinib became the first targeted
therapy to have disease-specific approval for the orphan disease CCA. Other approvals are
likely to follow soon. While these are not curative, the case studies here illustrate the
continued optimal control of this cancer. Despite metastatic disease, these patients are
several years into diagnosis and still with an excellent performance status and preserved
quality of life to qualify them for further treatment in trials or as part of standard of care. As
these options increase, what we have learned about “continuum of care” in colorectal cancer
may very well apply to CCA [14]. This infers to the fact that it is not just one thing that has
changed the survival from a few months to a median of several years but the fact thatitrepre-
sents options that can be used one after another and later “reused/recycled/re-challenged”
to extend the survival while preserving qualify of life. These observations also argue against
the “treatment nihilism” often shown in these diseases whereby a significant proportion of
patients are never even offered any further treatment or genomic testing. It is important to
note that it is not just the targeted therapies that are options [15, 16]. Chemotherapy combi-
nations, for example gemcitabine, cisplatin and nab-paclitaxel, in a phase 2 trial resulted in
a median overall survival of 19.2 months as opposed to the historic less than 1 year [16]. The
randomized phase 3 ALLIANCE study has almost completed accrual examining the same
combination.

Tumor-based (whether tissue and/or liquid where tissue is not available) genetic testing
using NGS platforms should become standard of care for all metastatic CCA patients [7]. This
should be endorsed by guidelines and societies so that payers would reimburse as opposed
to patients/physicians being responsible for fighting denials when ordered resulting in added
financial costs/anxiety. The diagnosis of cancer and its treatments already result in signif-
icant financial toxicity. Finally, the value of “repeat genomic testing” (whether tissue and pref-
erably liquid first) merits attention following progression on targeted therapies as is illus-
trated in some of the recent studies [17]. It brings up an intriguing question about carefully
revisiting locoregional treatments for the right patient following exposure to targeted ther-
apies. This may allow for “revisiting/re-challenging/recycling” the same or a different
inhibitor depending on the specific mechanism of resistance noted. Ongoing trials should
consider and capture data on post-progression on subsequent therapies to help understand
this better.

Despite limitations in sample size and provider bias, it is important to identify these
“exceptional responders” and/or better outcomes that may be inherent to the biology of FGFR
fusion-positive CCA.
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