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PURPOSE /DH mutations occur in about 30% of patients with cholangiocarcinoma. Analysis of mutations in
circulating tumor DNA (ctDNA) can be performed by droplet digital polymerase chain reaction (ddPCR). The
analysis of ctDNA is a feasible approach to detect /DH mutations.

METHODS We isolated ctDNA from the blood of patients with /DH-mutated advanced cholangiocarcinoma
collected at baseline, on therapy, and at progression to isocitrate dehydrogenase (IDH) inhibitors.

RESULTS Of 31 patients with /DHIR'32 (n = 26) or IDHZR'"2 mutations (n = 5) in the tumor, /DH mutations were
detected in 84% of ctDNA samples analyzed by ddPCR and in 83% of ctDNA samples analyzed by next-
generation sequencing (NGS). Patients with a low variant allele frequency of ctDNA detected by NGS at baseline
had a longer median time to treatment failure compared to patients with high variant allele frequency of ctDNA
(3.6 v 1.5 months; P=.008). Patients with a decrease in /[DH-mutated ctDNA on therapy by ddPCR compared
with no change/increase had a trend to a longer median survival (P=.07). Most frequent emergent alterations in
ctDNA by NGS at progression were ARIDIA (n = 3) and TP53 mutations (n = 3).

CONCLUSION Detection of /DH mutations in ctDNA in patients with advanced cholangiocarcinoma is feasible,
and dynamic changes in ctDNA can correspond with the clinical course and clonal evolution.

JCO Precis Oncol 6:e2100197. © 2022 hy American Society of Clinical Oncology

INTRODUCTION

Oncogenic mutations in the isocitrate dehydrogenase
1 (IDHI) and IDHZ genes, coding for an essential
enzyme for cellular respiration in the tricarboxylic acid
cycle,! are present in up to 30% of patients with
cholangiocarcinoma and offer molecular targets for
cancer therapy.?® The IDH1 inhibitor ivosidenib and
IDHZ2 inhibitor enasidenib are approved for the treat-

from the primary and/or metastatic cancer lesions and
can be used for molecular testing in lieu of cancer
tissue.'© Unlike tumor biopsies, collection of blood
samples for isolation of ctDNA is minimally invasive,
can be repeated multiple times during therapy and,
therefore, can be used to study clonal evolution and
mechanisms of adaptive resistance. The purpose of
our study was to investigate whether the results of
molecular testing of plasma-derived ctDNA using two

ment of acute myeloid leukemia with respective IDH
mutations.*® In addition, ivosidenib is approved for
previously treated IDH1-mutated advanced chol-
angiocarcinoma and other IDH inhibitors are in the late
stage of clinical development in cholangiocarcinoma
and in various stages of clinical development in other
solid tumors such as glioma or chondrosarcoma.6®
Treatment with IDH inhibitors is usually well tolerated;
however, objective responses are infrequent, and
similar to other targeted therapies, acquired resistance
evolves in nearly all patients who initially responded.®

Circulating tumor DNA (ctDNA) is secreted into the
circulation by apoptotic and necrotic cells originating

orthogonal methods (comprehensive targeted next-
generation sequencing [NGS] and droplet digital poly-
merase chain reaction [ddPCR]) each correspond with the
results of molecular testing of tumor tissue, and whether
serial collection of ctDNA can be used for monitoring
dynamic changes in ctDNA and clonal evolution
studies in patients with advanced cholangiocarcinoma
and /DH1/2 mutation treated with IDH inhibitors.

METHODS
Patients

The study enrolled patients with advanced chol-
angiocarcinoma and known /DH1 or IDH2 mutations
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CONTEXT

Key Objective

IDH mutations are prevalent in cholangiocarcinoma, and the isocitrate dehydrogenase 1 inhibitor ivosidenib has been recently
approved for patients with advanced cholangiocarcinoma previously treated with chemotherapy. However, therapeutic
responses are relatively infrequent, and nearly all patients ultimately develop acquired therapeutic resistance. The objective
of this study was to investigate whether analysis of plasma-derived circulating tumor DNA (ctDNA) corresponds with
molecular testing of tumor tissue, and whether monitoring of dynamic changes and clonal evolution can be performed
using ctDNA analysis.

Knowledge Generated

We used two different orthogonal methods, droplet digital polymerase chain reaction and targeted digital next-generation
sequencing, to detect ctDNA. Our data demonstrate that /DH mutation status in ctDNA is concordant with tumor tissue and
that low ctDNA levels are associated with longer time to treatment failure. Emerging alterations with predicted oncogenic
potential were detected in ctDNA at the time of progression.

Relevance

We demonstrated that detection of /DH mutations in ctDNA in patients with advanced cholangiocarcinoma is feasible.
Therefore, ctDNA analysis can be potentially used to select patients for treatment with isocitrate dehydrogenase inhibitors,
and to monitor the emergence of molecular alteration—associated therapeutic resistance.

detected by NGS in archival formalin-fixed paraffin-
embedded tumor samples as a part of clinical care re-
ferred to MD Anderson Cancer Center for treatment with
experimental IDH inhibitors between March 2015 and
October 2017 and who consented to the optional collection
of blood samples for retrospective analysis of ctDNA. The
study was conducted in accordance with institutional re-
view board guidelines.

Blood Collection and Processing

Blood samples were collected before starting treatment and
then serially on therapy with IDH inhibitors (approximately
every 3-4 weeks). Whole blood was collected in EDTA tubes
and centrifuged and spun twice within 2 hours to yield
plasma. The QlAamp Circulating Nucleic Acid kit (Qiagen,
Valencia, CA) was used to isolate cell-free DNA (cfDNA)
according to the manufacturer’s instructions. Quantitation
of cfDNA was done with Quant-iT PicoGreen dsDNA Re-
agent and Kits (Invitrogen, Carlsbad, CA).

Mutation Detection in cfDNA by ddPCR

Mutation-specific assays were used to distinguish the wild-
type allele from hotspot mutations in the /IDH1 (R132C,
R132G, R132F, R132L, and R132S), IDH2 (R172W,
R172K, R172M, and R172G), KRAS (G12V and G12D),
and PIK3CA (H1047R) genes present in the tumor tissue of
the patients using the QX200 Droplet Digital PCR platform
(Bio-Rad, Hercules, CA) according to the manufacturer’s
standard protocol. A total of 16 ng of cfDNA (if available;
median, 16 ng; range, 1-55 ng) was used as input in
duplicate reactions. The investigator who performed the
mutation analysis of the cfDNA samples was blinded to the
results of testing of archival tumor tissue, and appropriate
positive and negative controls were used. The lower limit of
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detection was approximately < 0.1% variant allele fre-
quency (VAF) per single well for the mutation-specific
assays.

Mutation Detection in cfDNA by Targeted Digital NGS

Targeted digital NGS of cfDNA was done using the 74
genes assay Guardant360, which is Clinical Laboratory
Improvement Amendments—certified, College of American
Pathologist-accredited, and performed in the New York
State Department of Health—approved laboratory (Guardant
Health, Redwood City, CA).1*2 In our study, we used a
median of 36 ng (range, 1.8-1,106 ng) of cfDNA, which was
exposed to barcoding to be processed and sequenced into
a digital library as described earlier (Data Supplement).!t-12

Statistical Analysis

The Mann-Whitney U test was used to compare groups, and
the Wilcoxon signed-rank test was used to compare paired
samples collected before therapy and at progression. Time
to treatment failure (TTF) was defined as the time from the
initiation of treatment with IDH inhibitor to the date of
treatment discontinuation. Survival was defined as the time
from the initiation of treatment with IDH inhibitor to the date
of death or last follow-up. The Kaplan-Meier method was
used to estimate TTF and survival, and a log-rank test was
used to compare differences among subgroups. All tests
were two-sided, and P values < .05 were considered sta-
tistically significant. All statistical analyses were performed
with the SPSS 24 (SPSS, Chicago, IL) software.

RESULTS

Patient Characteristics

The study enrolled 31 patients with advanced chol-
angiocarcinoma and mutations in the /DH1 or IDH2 genes
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TABLE 1. Patient Characteristics
Characteristics

Circulating Tumor DNA in IDH-Mutated Cholangiocarcinoma

Total No. of Patients (%)

All 31 (100)
Age, median, years (range) 60 (35-77)
Sex
Male 11 (35)
Female 20 (65)
Race
Caucasian 27 (87)
Hispanic 3(10)
Asian 1(@3)
Tumor stage
1\ 31 (100)
Sum of target lesions® (cm), median (range) 10.3 (1.2-30.2)
Lines of prior treatment, median (range) 2 (1-5)
IDHI mutations 26
IDHIR132¢ 18
IDHIR1326 5
/DHIF’L?ZF 1
IDH 1IR3 1
IDHIR1325 1
IDHZ mutations 5
IDH2R172W 2
IDH2R172K 1
/DH2R1272M 1
IDH2R1726 1
cfDNA quantity, median ng/mL per plasma (range) 15 (0.6-357)

Abbreviation: cfDNA, cell-free DNA.
@Assessed using RECIST 1.1.

determined by analysis of archival formalin-fixed paraffin-
embedded tumor tissue, who were dispositioned to start on
treatment with IDH1 or IDH2 inhibitors (Table 1). The
median age was 60 years (range, 35-77 years). Most pa-
tients were White (27; 87%) and female (21; 65%). All
patients had stage IV disease, a median tumor burden
measured by the sum of longest diameters of target lesions
(per RECIST 1.1) was 10.3 cm, and patients received a
median of two prior therapies. The most common [DH
mutations were [DHI?132¢ mutation (18; 58%), followed by
IDHIF1326 mutation (five; 16%). The median amount of cfDNA
isolated per 1 mL of plasma was 15 ng (range, 0.6-357 ng).

Concordance Between Tumor Tissue and ctDNA

All 31 patients included in the study had known [DHI®*32
(26; 84%) or IDH2R? (5; 16%) mutations in the tumor
tissue. First, we analyzed the presence of /DH mutations in
ctDNA from available blood samples from 31 patients col-
lected before starting therapy with IDH inhibitors with ddPCR
using 16 ng of cfDNA as input. /DH mutations were detected
in ctDNA from 26 of 31 patients yielding a sensitivity and
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observed agreement of 84% (95% Cl, 66 to 95). The sen-
sitivity for IDH1 mutations was 85% (95% Cl, 65 to 96) and
for IDH2 mutations was 80% (95% Cl, 28 to 99). Observed
VAFs ranged from 0% to 16.2%, with a median of 1.4%.

Then, we analyzed the presence of /IDH mutations in ctDNA
from available blood samples from 29 of 31 patients
(samples from two patients failed quality control) collected
before starting therapy with IDH inhibitors with targeted
NGS using a median 36 ng (2.6 ng-175.7 ng) of cfDNA as
input. /IDH mutations were detected in ctDNA from 24 of 29
patients yielding a sensitivity and observed agreement of
83% (95% Cl, 64 to 94). The sensitivity for [DH1 mutations
was 83% (95% Cl, 63 to 95) and for /DH2 mutations was
80% (95% Cl, 2810 99). Observed VAFs ranged from 0% to
12.9%, with a median 2.2%.

Finally, we analyzed agreement between 29 patients, who
had available blood samples collected before therapy,
analyzed by both ddPCR and digital NGS. Of these patients,
23 (79%: 95% ClI, 60 to 92) had concordant results.
Moreover, only two (7%) patients were negative for /IDH
mutations by both ddPCR and digital targeted NGS
(Table 2). There was a correlation for reported VAF between
ddPCR and NGS (0.8; P < .001; Fig 1A).

Of note, four patients also had five simultaneous mutations
in KRAS®!2 (n = 4) and PIK3CA"1%47 (n = 1) in the tumor
tissue. Detection rates in ctDNA from blood samples col-
lected before therapy were three of five mutations (60%) for
ddPCR and three of three mutations (100%, one sample
failed quality control) for digital NGS.

Mutation Detection in ctDNA Before Therapy and
Treatment Outcomes

To determine whether the quantity of /DH-mutated ctDNA
from blood samples collected before therapy with IDH
inhibitors determined by VAF was associated with out-
comes, we divided patients into two groups separated by
median (low VAF < 1.4% vhigh VAF > 1.4% for ddPCR and
low VAF < 2.2% v high VAF > 2.2% for targeted digital
NGS). For ddPCR, there was no significant difference in a
median TTF between patients with low /DH-mutated ctDNA
compared with high IDH-mutated ctDNA (2.4 months; 95%
Cl, 0.6 to 4.3 v 1.5 months; 95% CI, 0.9 to 2.1; P = .21;
Fig 1B). For targeted digital NGS, there was a trend toward a
longer median TTF in patients with low /DH-mutated ctDNA
compared with high IDH-mutated ctDNA (3.6 months; 95%
Cl, 1.3 t0 5.8 v 1.5 months; 95% Cl, 1.3 to 1.7; P = .09;
Fig 1C). Finally, we analyzed association between the
quantity of ctDNA from blood samples collected before
therapy with IDH inhibitors determined by the aggregate total
VAF for all somatic mutations detected by targeted digital
NGS excluding variants with VAF below 0.25% to prevent
inclusion of low-frequent sequencing errors and variants
likely associated with clonal hematopoiesis of indeterminate
potential. Patients were again divided into two groups per
median quantity of total ctDNA (VAF < 4.6% vVAF > 4.6%).
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TABLE 2. Concordance for IDHI and /DH2 Mutations Among Tumor Tissue, and
Blood ctDNA Analyzed by ddPCR or Targeted Digital NGS
ddPCR of ctDNA Compared With Tumor Tissue

IDH1 Mutation in IDH2 Mutation in
Tumor Tissue Tumor Tissue

IDH1 mutation in ctDNA 22
IDHI wild-type in ctDNA 4
IDH2 mutation in ctDNA 4
IDHZ2 wild-type in ctDNA
Sensitivity all /DH mutations, % 84 (66 to 95)

(95% Cl)
Sensitivity /DHI mutations, % 85 (65 to 96)

(95% Cl)
Sensitivity /DH2 mutations, % 80 (28 to 99)

(95% Cl)

Targeted Digital NGS of ctDNA Compared With Tumor Tissue

IDH1 Mutation in IDH2 Mutation in
Tumor Tissue Tumor Tissue

IDHI mutation in ctDNA 20
IDH1 wild-type in ctDNA 4
IDHZ2 mutation in ctDNA 4
IDH2 wild-type in ctDNA
Sensitivity all /DH mutations, % 83 (64 to 94)

(95% Cl)
Sensitivity /IDH1 mutations, % 83 (63 to 95)

(95% Cl)
Sensitivity /DH2 mutations, % 80 (28 to 99)

(95% Cl)

ddPCR of ctDNA Compared With Targeted Digital NGS of ctDNA

IDH Mutation IDH Wild-Type
in NGS in NGS
IDH mutation in ddPCR 21 3
IDH wild-type in ddPCR 3 2
Observed agreement, % 79 (60 to 92)

(95% ClI)

Abbreviations: ctDNA, circulating tumor DNA; ddPCR, droplet digital polymerase
chain reaction; NGS, next-generation sequencing.

Patients with low quantity of total ctDNA had a longer median
TTF compared with patients with high total ctDNA
(3.6 months; 95% Cl, 1 to 6.2 v 1.5 months; 95% Cl, 1.3 to
1.7, P=.008; Fig 1D).

There were no significant associations with median survival
for IDH-mutated ctDNA detected by ddPCR (17.6 months v
11.3 months; P = .86), IDH-mutated ctDNA detected by
targeted digital NGS (16.2 months v 14.1 months; P=.36),
or the total ctDNA detected by targeted digital NGS
(22 months v 10.2 months; P = .53).

Dynamic Changes in Quantity of IDH-Mutated ctDNA

Of the 31 patients, 28 had available ctDNA from blood
samples collected before therapy and at progression on

4 © 2022 by American Society of Clinical Oncology

IDH inhibitors, whereas three patients had only ctDNA
samples collected before therapy. For ddPCR, the paired
analysis of the 28 patients with available ctDNA obtained
before therapy and at progression demonstrated an in-
crease in IDH-mutant ctDNA at progression (P = .049;
Fig 1E). Similarly, for NGS, the paired analysis of 26 patients
with available ctDNA obtained before therapy and at pro-
gression demonstrated a strong trend toward an increase in
IDH-mutant ctDNA at progression (P = .06; Fig 1F).

Next, we assessed dynamic changes in quantity of /DH-
mutated ctDNA detected by ddPCR in blood samples
serially collected during therapy (approximately every 3-4
weeks [median, 26 days; range, 7-571) with IDH inhibitors
(Fig 2A). Patients with a decrease in IDH-mutated ctDNA
on therapy with IDH inhibitors had a similar median TTF as
patients with no change or increase in /DH-mutated ctDNA
(0.9 months; 95% ClI, 0 to 2.5 v 0.8 months; 95% ClI, 0 to
2.1; P = .29; Fig 1G). Nevertheless, there was a trend
toward a longer median survival in patients with a decrease
in quantity of /DH-mutated ctDNA compared to patients
with no change or increase in [DH-mutated ctDNA
(33.1 months; 95% ClI, 13 to 53.2 v 9.3 months; 95% ClI,
2.1 to 16.4 months; P = .07; Fig 1H).

Emerging Mutations in ctDNA Detected at Progression
and in Serial Tumor Biopsies

We also analyzed with targeted digital NGS, ctDNA from
blood samples collected before therapy and at progression
on IDH inhibitors. Of, note four of 31 patients also had
ctDNA obtained at progression on a second IDH inhibitor
(Fig 2B). In ctDNA obtained before therapy, we detected a
total of 96 alterations (mean 3.7 alterations per patient
sample; range, 1-9) and three patients had no detectable
alterations. The most frequently co-occurring alterations
with /DH mutations were TP53 mutations (18 in 11 pa-
tients), ARIDIA mutations (10 in 8 patients), PIK3CA
mutations (10 in 6 patients), and KRAS mutations (four in
four patients). Of interest, KRAS mutations were detected
only in patients with /DH1 mutations (Fig 2B).

At the time of progression on IDH inhibitors, we detected
118 alterations in 27 ctDNA samples (mean 4.4 alterations
per patient sample; range, 1-13). Three samples had no
detectable alterations. The most frequently co-occurring
alterations with IDH mutations were TP53 mutations (22 in
13 patients), ARID1A mutations (nine in seven patients),
PIK3CA mutations (15 in 9 patients) and KRAS mutations
(five in five patients, only present in patients with /DH1
mutations).

There were 15 new emerging alterations with predicted on-
cogenic potential in eight patients (range, 1-3 per patient)
detected in ctDNA from blood samples collected at pro-
gression. The most frequent alterations were ARIDIA muta-
tions (n = 3) and TP53 mutations (n = 3; Data Supplement).
Of note, one patient had no alteration in ctDNA before therapy;
however, ctDNA sample obtained at progression showed
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FIG 1. (A) There was a correlation (0.8, P < .001) between ddPCR and digital NGS for reported VAF in ctDNA. (B) Kaplan-Meier curves for TTF analyses
per baseline quantity of ctDNA (< median v > median) in blood samples for /[DH mutations detected by ddPCR (VAF < 1.4% vVAF > 1.4 %; P=.21), (C)
IDH mutations detected by digital NGS (VAF < 2.2% v VAF > 2.2%; P =.09), (D) and the combined VAF for all alterations detected by digital NGS
(VAF <4.6% vVAF > 4.6%; P=.008). (E) Comparisons of ctDNA samples for the levels of /DH mutation detected by ddPCR in baseline and progression
samples from the same patient (P=.049) and (F) the levels of /DH mutation detected by digital NGS in baseline and in progression samples from the same
patient (P = .06). (G) Kaplan-Meier curves of changes in VAF of IDH-mutated ctDNA during therapy demonstrated no difference in the median TTF
between patients with decrease in IDH-mutated ctDNA on therapy compared with increase or no change (0.9 months; 95% Cl, 0 to 2.5 v0.8 months; 95%
Cl,0t02.1; P=.29), (H) but there was a trend toward a longer median survival in patients with decrease in quantity of /DH-mutated ctDNA compared with
patients with no change or increase in /DH-mutated ctDNA (33.1 months; 95% Cl, 13 t0 53.2 v9.3 months; 95% Cl, 2.1 to 16.4 months; P=.07). ctDNA,
circulating tumor DNA; ddPCR, droplet digital polymerase chain reaction; IDH, isocitrate dehydrogenase; NGS, next-generation sequencing; VAF, variant
allele frequency; TTF, time to treatment failure.
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FIG 2. (A) IDH-mutated ctDNA by ddPCR in serially collected plasma during therapy with IDH inhibitors. (B) Heatmap of mutations detected by
digital NGS in ctDNA from patients with /DH-mutated cholangiocarcinoma treated with IDH inhibitors at baseline and progression. Red crosses
mark samples that failed quality control. (C-G) Dynamic tracking of VAF for detected mutations in ctDNA (ddPCR) from serial plasma samples or
tumor tissue (NGS sequencing) from serial biopsies in patients treated with IDH inhibitors. Bx, biopsy; ctDNA, circulating tumor DNA; ddPCR,
droplet digital polymerase chain reaction; IDH, isocitrate dehydrogenase; IDHi-1, first IDH1 inhibitor; IDHi-2, second IDH inhibitor; mut, mutant
without reported VAF; NGS, next-generation sequencing; PD, progressive disease; Pre-tx, pretreatment; SD, stable disease; VAF, variant allele
frequency.

TP532%5F mutation (not detected in archival tumor tissue) and ~ whole-exome sequencing. The first patient with an
IDHIR#32¢ mutation (present in archival tumor tissue). Of /DHIR32¢ mutation demonstrated emergence of a PIK3-
interest, previously reported isoform switching from /DHI to  CA™°4R mutation in the tumor tissue obtained after
IDH2 mutation has not been observed.? 3 weeks of experimental therapy with the first IDH1 inhibitor
Finally, five patients had tumor tissue samples from serial and persisted in the tumor during therapy with the second
biopsies collected before therapy, on therapy, and at IDH1 inhibitor. Of interest, the PIK3CA™°*'R mutation
progression, which were analyzed with targeted NGS or disappeared from the tumor tissue 2 months after
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discontinuation of the second IDH1 inhibitor; however, the
mutation has been consistently detectable in all ctDNA
samples from the time before the first IDH1 inhibitor until
2 months after the second IDH1 inhibitor with VAF ranging
from 0.38% to 1.70% (Fig 2C). The second patient with an
IDHIR32C mutation demonstrated the emergence of a
MAP2K45122R mutation in the tumor tissue obtained
4 weeks after experimental therapy (Fig 2D). This mutation
was not included in our ctDNA assays. The third patient with
an [IDHIR2S mutation demonstrated disappearance of
BAPI loss and ARIDIA duplication during treatment with
the second IDH1 inhibitor (Fig 2E). Unfortunately, corre-
sponding ctDNA samples failed quality control. The fourth
patient with an /DHIR'32¢ mutation and the fifth patient with
an IDHIR32¢ mutation showed no changes in molecular
profile of the serially collected tumor tissue (Figs 2F and 2G).

DISCUSSION

Our study demonstrated that molecular testing for IDH
mutations in ctDNA samples from patients with advanced
cholangiocarcinoma using two orthogonal methods has high
concordance (84% for ddPCR and 83% for digital NGS)
with /DH mutation testing of tumor tissue. To our knowledge,
this study is the first to focus on assessing agreement rates
between ctDNA and tumor tissue for /DH mutations in
cholangiocarcinoma, which implemented both ddPCR and
NGS. Aguado et al** presented in an abstract form the data
from ClarlDHy study (ivosidenib v placebo in advanced
previously treated /DHI-mutated cholangiocarcinoma) us-
ing the BEAMing digital PCR, which demonstrated con-
cordance with tumor tissue of 92%. Overall, previously
presented studies in advanced cancers demonstrated
agreement in rates between ctDNA and tumor tissue be-
tween 68% and 90%.1%1° Ettrich et al*® used NGS to detect
molecular alterations in 15 frequently mutated genes in 24
patients with cholangiocarcinoma and reported an overall
concordance of 74%. Okamura et al*® used digital targeted
NGS to detect molecular alterations in 68-73 genes and
reported concordance of 68% for TP53 alterations, 80% for
KRAS alterations, and 90% for PIK3CA alterations. For IDH1
mutations, the detection rate in ctDNA was 75%.

We also noticed that high VAF of mutated ctDNA determined
by NGS before starting on therapy was associated with a
shorter median TTF compared with low VAF of mutated
ctDNA (P = .008). This is not unexpected as similar obser-
vations have been made in other cancers and in preliminary
reports for the ClarIDHy study of /DH1 inhibitor ivosidenib or
placebo in /DHI-mutated cholangiocarcinoma.'*':*¢ For
instance, in one of our previous studies, we noticed that in
patients with BRAF6®°-mutated advanced cancers per tumor
tissue analysis, patients with detectable BRAF/*° mutations
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in ctDNA had an inferior median TTF on BRAF/MEK inhibitors
compared to patients without BRAF®® mutations.!” Simi-
larly, in patients with BRAF®®-mutated advanced melanoma
per tumor tissue analysis, patients with detectable BRAF/6®
mutations in ctDNA had an inferior median progression-free
survival on BRAF/MEK inhibitors compared to patients
without BRAF®® mutations.'®

We also demonstrated that the quantity of /DHI-mutated
ctDNA at progression defined by VAF is higher compared
with pretreatment levels, and we noticed a trend toward
longer median TTF in patients with a decrease in IDHI-
mutated ctDNA compared to patients with no change or an
increase. Although there are no comparable data in
cholangiocarcinoma, similar observations have been made
with ddPCR and NGS in other advanced cancers.!2°

Molecular testing of ctDNA is minimally invasive and can be
repeated at multiple time points to investigate clonal evolution
and mechanisms of innate and adaptive resistance.'® An-
ecdotal experience in patients with acute myeloid leukemia,
myelodysplastic syndrome, and cholangiocarcinoma de-
scribed isoform switching from /DH1 to IDH2 mutations and
vice versa as a possible mechanism of resistance to IDH1 or
IDH2 inhibitors.® In our study, we noticed 15 new emerging
alterations with predicted oncogenic potential in patients with
blood samples collected at progression. ARID1A mutations
and TP53 mutations were most frequent, and no /DHI or
IDH2 mutations switching were noted. ARIDIA mutations
belong to a broad group of DNA damage response (DDR)
alterations.®* In addition, DDR targeting of /DH-mutated
cancers with poly (ADP-ribose) polymerase inhibitors dem-
onstrated preclinical efficacy in some studies and is currently
assessed in early-stage clinical testing.?®> Therefore, devel-
opment of IDH inhibitors in combination with DDR targeting
agents would be of special interest, although better under-
standing of the nature of possible synergistic activity is
needed as neomorphic /DH mutations were also suggested
to be associated with BRCAness phenotype.??

Our study had several limitations. The study sample size was
relatively small. In addition, patients evaluated in our study
received four different IDH inhibitors (ivosidenib, enasidenib,
vorasidenib, or IDH305), which were in early-phase clinical
development at the time of study enrollment, and some pa-
tients received more than one IDH inhibitor. Therefore, our
results require further confirmation in larger prospective
studies. Despite these limitations, our study demonstrated that
detection of /DH mutations in ctDNA in patients with ad-
vanced cholangiocarcinoma is feasible and can be potentially
used to select patients for treatment with IDH inhibitors. We
also demonstrated that dynamic changes in ctDNA can
correspond with the clinical course and clonal evolution.

2Department of Hematology and Oncology, Stavanger University
Hospital, Stavanger, Norway
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