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IMPORTANCE Isocitrate dehydrogenase 1 (IDH1) variations occur in up to approximately 20%
of patients with intrahepatic cholangiocarcinoma. In the ClarIDHy trial, progression-free
survival as determined by central review was significantly improved with ivosidenib vs
placebo.

OBJECTIVE To report the final overall survival (OS) results from the ClarIDHy trial, which
aimed to demonstrate the efficacy of ivosidenib (AG-120)—a first-in-class, oral,
small-molecule inhibitor of mutant IDH1—vs placebo for patients with unresectable or
metastatic cholangiocarcinoma with IDH1 mutation.

DESIGN, SETTING, AND PARTICIPANTS This multicenter, randomized, double-blind,
placebo-controlled, clinical phase 3 trial was conducted from February 20, 2017, to May 31,
2020, at 49 hospitals across 6 countries among patients aged 18 years or older with
cholangiocarcinoma with IDH1 mutation whose disease progressed with prior therapy.

INTERVENTIONS Patients were randomized 2:1 to receive ivosidenib, 500 mg, once daily or
matched placebo. Crossover from placebo to ivosidenib was permitted if patients had disease
progression as determined by radiographic findings.

MAIN OUTCOMES AND MEASURES The primary end point was progression-free survival as
determined by blinded independent radiology center (reported previously). Overall survival
was a key secondary end point. The primary analysis of OS followed the intent-to-treat
principle. Other secondary end points included objective response rate, safety and
tolerability, and quality of life.

RESULTS Overall, 187 patients (median age, 62 years [range, 33-83 years]) were randomly
assigned to receive ivosidenib (n = 126; 82 women [65%]; median age, 61 years [range, 33-80
years]) or placebo (n = 61; 37 women [61%]; median age, 63 years [range, 40-83 years]); 43
patients crossed over from placebo to ivosidenib. The primary end point of progression-free
survival was reported elsewhere. Median OS was 10.3 months (95% CI, 7.8-12.4 months) with
ivosidenib vs 7.5 months (95% CI, 4.8-11.1 months) with placebo (hazard ratio, 0.79 [95% CI,
0.56-1.12]; 1-sided P = .09). When adjusted for crossover, median OS with placebo was 5.1
months (95% CI, 3.8-7.6 months; hazard ratio, 0.49 [95% CI, 0.34-0.70]; 1-sided P < .001).
The most common grade 3 or higher treatment-emergent adverse event (�5%) reported in
both groups was ascites (11 patients [9%] receiving ivosidenib and 4 patients [7%] receiving
placebo). Serious treatment-emergent adverse events considered ivosidenib related were
reported in 3 patients (2%). There were no treatment-related deaths. Patients receiving
ivosidenib reported no apparent decline in quality of life compared with placebo.

CONCLUSIONS AND RELEVANCE This randomized clinical trial found that ivosidenib was well
tolerated and resulted in a favorable OS benefit vs placebo, despite a high rate of crossover.
These data, coupled with supportive quality of life data and a tolerable safety profile,
demonstrate the clinical benefit of ivosidenib for patients with advanced cholangiocarcinoma
with IDH1 mutation.
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C holangiocarcinomas are rare, aggressive tumors,
w ith an inc reasing inc idence (mainly of the
intrahepatic subgroup) and poor prognosis.1, 2

The median survival among patients with advanced
d i s e a s e i s a p p rox i m ate l y l e s s t h a n 1 2 m o nt h s , 3 - 5

with 5-year survival rates of 10% or less.4 Most patients
w it h u n re s e c t a b l e o r m e t a s t at i c d i s e a s e u n d e rgo
palliative systemic therapy.2 Chemotherapy remains the
primar y treatment option for cholangioc arc inoma
management, w ith a combination of gemc itabine
and cisplatin as the current first-line standard of care,3

and FOLFOX (folinic acid, fluorouracil, and oxaliplatin)
recommended as the second-line standard of care.2

However, survival outcomes with first- or second-line
c h e m o t h e r a p y a r e m o d e s t . 3 , 6 , 7 S o m e a g e n t s a r e
approved for spec ific molecularly defined subsets
of cholangiocarcinoma (eg, cholangiocarcinoma with
fibroblast growth factor receptor [FGFR] fusions, with
neurotrophic tyrosine receptor kinase fusions, or
microsatellite instability-high cancer); however, isocitrate
dehydrogenase 1 (IDH1; OMIM 147700) mutations rarely
occur in these subgroups.8-11 There is only 1 currently
approved targeted treatment for patients with unresectable
and metastatic cholangiocarcinoma.12,13 These factors high-
light the need for new treatment paradigms in this
disease.2,4

Mutations in the metabolic enzyme IDH1 are detected
in approximately 13% of intrahepatic cholangiocarcinomas
a n d 1% o f e x t r a h e p a t i c c h o l a n g i o c a r c i n o m a s . 1 4

Mutations of IDH1 play a central role in cholangiocarcinoma
pathogenesis but are not associated with prognosis.14,15 Ivo-
sidenib (AG-120) is an oral, potent, targeted inhibitor of the
IDH1 variant, approved for the treatment of acute myeloid
leukemia in subsets of patients with a susceptible IDH1
variant.16,17 In a phase 1, dose-escalation and expansion
study (NCT02073994), ivosidenib treatment resulted
in a median progression-free survival (PFS) of 3.8 months and
median overall survival (OS) of 13.8 months, along with a
well-tolerated safety profile, among 72 patients with heavily
treated advanced cholangiocarcinoma with IDH1 mutation.18

These data supported further evaluation of ivosidenib in the
randomized, double-blind, placebo-controlled phase 3 clinical
ClarIDHy trial, which enrolled patients with previously treated
cholangiocarcinoma with IDH1 mutation. As of the January 31,
2019, data cutoff, the primary objective of the ClarIDHy trial
was met, with a statistically significant improvement in
PFS with ivosidenib compared with placebo (hazard ratio [HR],
0.37 [95% CI, 0.25-0.54]; 1-sided P < .001 by independent
radiology center; HR, 0.47 [95% CI, 0.33-0.68]; 1-sided
P < .001 by investigator).19 The disease control rate observed
with ivosidenib was due mostly to the stable disease rate
(an objective response rate of 2% [3 partial responses] and a
stable disease rate of 51% with ivosidenib vs an objective
response rate of 0% and a stable disease rate of 28% with
placebo). Final analyses of OS data from the ClarIDHy trial (final
data cutoff: May 31, 2020), along with updated safety,
additional baseline comutation data, and quality of life (QOL)
data, are reported herein.

Methods

Study Design and Participants
The phase 3 ClarIDHy trial design has been reported
previously.19 This study was conducted from February 20, 2017,
to May 31, 2020, at 49 hospitals across 6 countries (France, Italy,
South Korea, Spain, the United Kingdom, and the United
States),19 among patients aged 18 years or older with histo-
logically confirmed cholangiocarcinoma with IDH1 muta-
tion. Patients must have had documented disease progres-
sion after at least 1 but no more than 2 prior treatment regimens
for advanced disease (nonresectable or metastatic), includ-
ing gemcitabine or a fluorouracil-based chemotherapy regi-
men, and received no prior IDH-variant inhibitor therapy. Ad-
ditional key eligibility criteria included an Eastern Cooperative
Oncology Group performance status score of 0 or 1; an ex-
pected survival of at least 3 months; and adequate bone mar-
row, hepatic, and kidney function. Patient IDH1-variant sta-
tus was confirmed centrally and prospectively by next-
generation sequencing on formalin-fixed paraffin-
embedded tumor tissue specimens using the Oncomine Focus
Assay (Thermo Fisher Scientific) in a Clinical Laboratory Im-
provement Amendments–certified laboratory. Patients were
evaluated for eligibility and enrolled by the participating in-
vestigators at the trial centers. This trial was conducted ac-
cording to the International Conference on Harmonization of
Good Clinical Practice guidelines and principles of the Decla-
ration of Helsinki.20 Approval from the institutional review
board and independent ethics committee was obtained at each
study site. All patients provided written informed consent be-
fore participating in the trial. Information on racial and eth-
nic categories reported by patients to the study team or from
medical records was captured as part of the clinical database
for this study according to applicable local regulation. An in-
dependent data and safety monitoring board regularly re-
viewed the safety data to ensure the safety of treatment and
proper trial conduct. This trial is registered with ClinicalTri-
als.gov (NCT02989857). The complete study protocol is
available in Supplement 1.

Key Points
Question Does ivosidenib treatment improve overall survival
outcomes vs placebo among patients with chemotherapy-
refractory cholangiocarcinoma with IDH1 mutation?

Findings In this phase 3 randomized clinical trial including 187
previously treated patients with advanced cholangiocarcinoma
with IDH1 mutation, ivosidenib treatment resulted in numerically
improved overall survival benefits vs placebo, despite a high rate
of crossover. Ivosidenib preserved certain quality of life subscales
and was well tolerated.

Meaning The combined efficacy data and tolerable safety profile,
as well as corroborating quality of life data, support the clinical
benefit of ivosidenib relative to placebo in cholangiocarcinoma
with IDH1 mutation, which has an unmet need for new treatments.
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Randomization and Masking
Randomization and masking details have been described
previously.19 In brief, patients were randomly assigned 2:1 to
receive ivosidenib or matched placebo, with a block size of 6,
and stratified by number of previous systemic treatment regi-
mens for advanced disease (1 vs 2).

Procedures
Procedures followed in the ClarIDHy trial were described
previously.19 Ivosidenib, 500 mg, or matched placebo were
given orally once daily in continuous 28-day cycles. Treat-
ment continued until disease progression as determined by the
investigator, development of other unacceptable toxic ef-
fects, confirmed pregnancy, death, withdrawal of consent, loss
to follow-up, or trial unblinding or ending. Crossover from the
placebo group to the ivosidenib group was allowed for pa-
tients with disease progression as confirmed by radiography,
per investigator-assessed Response Evaluation Criteria in Solid
Tumors (RECIST), version 1.1.21 Once the primary end point of
PFS was met, any patients still receiving placebo were permit-
ted to cross over to the ivosidenib group if they continued to
meet eligibility criteria. Radiographic assessment (computed
tomography or magnetic resonance imaging) for evaluation of
disease response was conducted from day 1 of cycle 1 every 6
weeks (±5 days) through week 48, and every 8 weeks (±5 days)
thereafter. Adverse events are reported for patients before
crossover, unless otherwise specified.

Outcomes
The primary end point was PFS as determined by blinded in-
dependent radiology center per RECIST, version 1.1, and was
reported elsewhere.19 Overall survival, defined as the time from
date of randomization to the date of death due to any cause,
was a key secondary end point. Patients alive at the analysis
cutoff date were censored at the date of last contact. Other sec-
ondary end points included objective response rate, PFS per
investigator assessment, safety and tolerability, and QOL as-
sessed using change from baseline on the European Organi-
zation for Research and Treatment of Cancer Quality of Life
Questionnaire Core 30 (EORTC QLQ-C30) and the cholangio-
carcinoma and gallbladder cancer module (EORTC QLQ-
BIL21) scores and the Patient Global Impression of Change
(PGI-C) and Patient Global Impression of Severity (PGI-S) an-
chor questions; health economic outcomes were assessed using
the 5-level EuroQoL 5-dimension (EQ-5D-5L).22-25 Three QOL
domains of interest were prespecified in the statistical analy-
sis plan: physical functioning, pain, and appetite loss. Safety
was evaluated by the incidence, severity, and type of treatment-
emergent adverse events (TEAEs) (per the National Cancer In-
stitute Common Terminology Criteria for Adverse Events, ver-
sion 4.03),26 as described previously.19

Statistical Analysis
Overall survival was the first key secondary end point speci-
fied in the fixed-sequence testing strategy. It was tested only
after statistical significance for PFS, as assessed by the inde-
pendent radiology center, was achieved, to control the over-
all type I error in the trial at the 1-sided significance level of

.025. Overall survival was planned to be analyzed twice: at the
time of the primary PFS analysis and after 150 OS events had
been reached (final OS analysis) (eMethods in Supplement 2).
Overall survival was compared between the 2 groups by using
the 1-sided log-rank test. The HR was estimated from the Cox
proportional hazards regression model. The primary analysis
of OS followed the intent-to-treat principle, which does not ac-
count for the effect of crossover. Consequently, the prespeci-
fied rank-preserving structural failure time (RPSFT) model was
used to adjust for crossover.27-29 The RPSFT method is based
on a common treatment assumption: the treatment effect of
ivosidenib is the same for all individuals, regardless of when
treatment is received.27-29

Descriptive statistics were used to summarize safety and
comutation data. Details on QOL analysis are provided in the
eMethods in Supplement 2.

Results
Patients
Overall, 231 patients were assessed for eligibility between Feb-
ruary 20, 2017, and March 1, 2019. As of May 31, 2020 (data
cutoff date for the final OS analysis), 187 patients (median age,
62 years [range, 33-83 years]; American Indian or Alaska Na-
tive patients, 1 [0.5%], Asian patients, 23 [12%], Black or Afri-
can American patients, 2 [1%], Native Hawaiian or other Pa-
cific Islander patients, 1 [0.5%], White patients, 106 [57%], other
race, 1 [0.5%], race not reported, 1 [0.5%], missing race, 52
[28%], Hispanic or Latino patients, 9 [5%], not Hispanic or La-
tino patients, 124 [66%], ethnicity not reported, 2 [1%], miss-
ing ethnicity, 52 [28%]) had been randomly assigned to re-
ceive ivosidenib (n = 126; 82 women [65%]; median age, 61
years [range, 33-80 years]) or placebo (n = 61; 37 women [61%];
median age, 63 years [range, 40-83 years]). The patient flow
diagram is shown in Figure 1. Baseline demographic and dis-
ease characteristics were similar in the ivosidenib group and
the placebo group (Table). Among all 187 patients, 173 (93%)
had metastatic disease, and 88 (47%) had received 2 prior lines
of therapy; R132C was the most prevalent IDH1 variant (131 pa-
tients [70%]) (Table). As of the data cutoff date, 43 patients
(70%) originally randomly assigned to receive placebo had
crossed over to receive open-label ivosidenib.

Efficacy
Based on 150 OS events (100 for ivosidenib [79%] and 50 for
placebo [82%]), the median OS was 10.3 months (95% CI, 7.8-
12.4 months) with ivosidenib and 7.5 months (95% CI, 4.8-
11.1 months) with placebo (HR, 0.79 [95% CI, 0.56-1.12]; 1-sided
P = .09) (Figure 2A).30 The RPSFT-adjusted median OS was 5.1
months (95% CI, 3.8-7.6 months) with placebo (HR, 0.49 [95%
CI, 0.34-0.70]; 1-sided P < .001). The 12-month survival rate
was 43% (95% CI, 34%-51%) for the ivosidenib group vs 36%
(95% CI, 24%-48%) for the placebo group. Overall survival ben-
efit by subgroup is reported in the eResults and eFigure 1 in
Supplement 2. The OS data were mature; 37 patients were cen-
sored (26 of 126 patients [21%] in the ivosidenib group and 11
of 61 patients [18%] in the placebo group). The maximum treat-
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ment duration with ivosidenib was 34.4 months (range, 0.1-
34.4 months) vs 6.9 months (range, 0-6.9 months) with pla-
cebo. The median treatment duration was 2.8 months (range,
0.1-34.4 months) for the ivosidenib group (n = 123) and 1.6
months (range, 0-6.9 months) for the placebo group (n = 59)
(Figure 2B and C). The median treatment duration for the ivo-
sidenib group after 43 patients crossed over from the placebo
group was 2.7 months (range, 0.3-29.8 months) (Figure 2C).
Treatment duration appeared to be longer for patients with
plasma D-2-hydroxyglutarate levels below 100 ng/mL after 1
cycle of ivosidenib treatment (eMethods and eFigure 2 in
Supplement 2). A total of 25 of 166 patients (15%), including 6
patients who crossed over from the placebo group, remained
in the ivosidenib group for at least 1 year.

Safety
The most common all-grade TEAE in both treatment groups
before crossover was nausea (51 of 123 patients [42%] who re-
ceived ivosidenib and 17 of 59 patients [29%] who received pla-
cebo) (eTable 1 in Supplement 2). The most common grade 3
or higher TEAE reported in both treatment groups was asci-
tes (11 patients [9%] who received ivosidenib and 4 patients
[7%] who received placebo) (eTable 2 in Supplement 2). Other
most common grade 3 or higher TEAEs (≥5%) with ivosidenib
vs placebo were anemia (8 patients [7%] vs 0 patients), in-
creased blood bilirubin level (7 patients [6%] vs 1 patient [2%]),
and hyponatremia (7 patients [6%] vs 6 patients [10%]).

Six patients (5%) receiving ivosidenib experienced a TEAE
leading to death, none of which were assessed by the investi-
gator as being associated with treatment, and were consid-

ered to be complications associated with the underlying dis-
ease or comorbid conditions. Serious TEAEs were reported for
42 patients (34%) receiving ivosidenib and were considered as-
sociated with treatment for 3 patients (2%) (grade 4 hyperbili-
rubinemia, grade 3 cholestatic jaundice, grade 2 prolonged QT
interval on electrocardiogram, and grade 3 pleural effusion;
hyperbilirubinemia and cholestatic jaundice were observed in
the same patient). These patients were the same 3 reported
previously.19 Serious TEAEs were reported for 14 patients (24%)
receiving placebo; none were associated with treatment.

Prolonged QT interval on electrocardiogram, a TEAE of spe-
cial interest, was reported for 12 patients (10%) receiving ivo-
sidenib and 2 patients (3%) receiving placebo. Treatment-
emergent adverse events requiring a dose reduction and
interruption were uncommon, with 5 patients (4%) in the ivo-
sidenib group requiring a dose reduction vs none in the pla-
cebo group. Treatment-emergent adverse events leading to
study drug discontinuation occurred for 9 patients (7%) in the
ivosidenib group vs 5 patients (8%) in the placebo group.

Quality of Life
The numbers of patients with available EORTC QLQ-C30 and
EORTC QLQ-BIL21 assessments at baseline, day 1 of cycle 2, and
day 1 of cycle 3 are provided in eTable 3 in Supplement 2 and
missing data are described in the eResults in Supplement 2.
Ivosidenib preserved QLQ-C30 physical functioning (where a
higher score denotes better functioning), whereas patients re-
ceiving placebo experienced declines from baseline at day 1 of
cycle 2 and day 1 of cycle 3 (eFigures 3 and 4 in Supple-
ment 2). At day 1 of cycle 2, the least-squares mean (SE) change

Figure 1. CONSORT Diagram

231 Patients assessed for eligibilitya

44 Excluded for screening failure

187 Underwent randomization (2:1)

24 Remained in studya

1 Lost to follow-up

102 Discontinued study
93 Death
8 Withdrawal of consent

126 Assigned to the ivosidenib group

9 Remained in studya

0 Lost to follow-up

52 Discontinued study
43 Death
9 Withdrawal of consent

61 Assigned to the placebo group

115 Discontinued treatment
92 Progressive disease

5 Death

8 Adverse event
6 Withdrawal by participant

2 Withdrawal of consent
2 Other

59 Discontinued treatment
51 Progressive disease

0 Death

4 Adverse event
2 Withdrawal by participant

1 Withdrawal of consent
1 Other

43 Placebo-treated patients crossed
over to receive ivosidenib

5 Receiving ivosidenib

2 Adverse event

38 Discontinued ivosidenib
32 Progressive disease

2 Physician decision
2 Withdrawal of consent

a As of the data cutoff date (May 31,
2020).
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from baseline was –2.4 (1.8) for ivosidenib vs –13.3 (3.0) for pla-
cebo, with a least-squares mean difference in change from base-
line for ivosidenib vs placebo of 11.0 (95% CI, 4.2-17.7; 2-sided
P = .002) (eTable 4 in Supplement 2). The decline in physical
functioning at day 1 of cycle 2 was clinically meaningful only
in the placebo group, based on the threshold estimated using
anchor-based methods described previously.19 At day 1 of cycle
3, the least-squares mean (SE) change from baseline was –0.2
(1.9) for ivosidenib vs –12.6 (3.9) for placebo, with a least-
squares mean difference in change from baseline for ivo-
sidenib vs placebo of 12.3 (95% CI, 3.9-20.8; 2-sided P = .004)
(eTable 5 in Supplement 2). Ivosidenib was favored on the QLQ-
C30 pain subscale (where a higher score denotes worse symp-
toms) at day 1 of cycle 2 (least-squares mean difference in
change from baseline for ivosidenib vs placebo, –10.4 [95% CI,
–20.2 to –0.5]; 2-sided P = .04). Neither group was favored on
other prespecified subscales (QLQ-C30 appetite loss and QLQ-
BIL21 pain and eating). For the exploratory QOL analyses,
P ≤ .05 was considered to indicate a difference between groups.
At day 1 of cycle 2, ivosidenib was favored for all other sub-
scales in which differences were observed, including QLQ-
C30 emotional functioning, cognitive functioning, and dysp-
nea and QLQ-BIL21 anxiety and tiredness (eFigure 3 in
Supplement 2). At day 1 of cycle 3, the difference in the QLQ-
C30 emotional functioning subscale persisted, favoring ivo-
sidenib (eFigure 4 in Supplement 2). Findings for the PGI-C and
EQ-5D-5L assessments were reported previously.19,31

Baseline Covariant Analyses
All screened patients underwent a determination of variant
IDH1 status and identification of covariants in archival formalin-
fixed paraffin-embedded samples using a 52-gene next-
generation sequencing panel (Oncomine Focus Assay). Tu-
mor tissue specimens were collected from 0.3 months up to
7.5 years before randomization (median, 3.7 months). The co-
variants identified among the 187 enrolled patients are shown
in eTable 6 in Supplement 2. The most frequent oncogenic co-
variants found in this data set were PI3KCA (n = 20 [11%]), KRAS
(n = 14 [8%]), BRAF (n = 8 [4%]), and FGFR2 (n = 8 [4%]). These
findings are consistent with covariant analyses reported pre-
viously in a phase 1 study of ivosidenib.18 All detected FGFR2
covariants were short variants; the common intrahepatic cho-
langiocarcinoma FGFR2 fusion partner genes (BICC1, MGEA5,
and TACC3) are not specifically targeted in the Oncomine Fo-
cus Assay panel. No significant association was observed be-
tween baseline covariants in any single gene and OS, PFS, or
treatment duration (eFigure 5 in Supplement 2).

Discussion
To our knowledge, this is the first randomized phase 3 trial
demonstrating the clinical benefit of targeting the IDH1 vari-
ant for patients with advanced cholangiocarcinoma with IDH1
mutation or any other solid tumor with IDH1 mutation. Ivo-
sidenib demonstrated a 63% reduction in the risk of progres-
sion or death (HR, 0.37 [95% CI, 0.25-0.54]; 1-sided P < .001)
compared with placebo among patients previously treated with

Table. Demographic and Baseline Characteristics

Characteristic

Patients, No. (%)

Ivosidenib
(n = 126)

Placebo
(n = 61)

Sex

Female 82 (65) 37 (61)

Male 44 (35) 24 (39)

Age, median (range), y 61 (33-80) 63 (40-83)

Race

American Indian or Alaska Native 1 (1) 0

Asian 15 (12) 8 (13)

Black or African American 1 (1) 1 (2)

Native Hawaiian or other Pacific
Islander

1 (1) 0

White 71 (56) 35 (57)

Other 1 (1) 0

Not reported 1 (1) 0

Missing 35 (28) 17 (28)

Ethnicity

Hispanic or Latino 7 (6) 2 (3)

Not Hispanic or Latino 84 (67) 40 (66)

Not reported 0 2 (3)

Missing 35 (28) 17 (28)

Randomization strata, prior line of
therapy

1 66 (52) 33 (54)

2 60 (48) 28 (46)

IDH1 mutation

R132C 86 (68) 45 (74)

R132L 21 (17) 7 (11)

R132G 17 (13) 6 (10)

R132S 2 (2) 1 (2)

R132H 0 2 (3)

ECOG PS score at baseline

0 50 (40) 19 (31)

1 75 (60) 41 (67)

2 0 1 (2)

3 1 (1) 0

Cholangiocarcinoma type at diagnosis

Intrahepatic 113 (90) 58 (95)

Extrahepatic or perihilar 5 (4) 1 (2)

Unknown 8 (6) 2 (3)

Extent of disease at screening

Local or regional 9 (7) 5 (8)

Metastatic 117 (93) 56 (92)

Presence at screening

Ascites 34 (27) 13 (21)

Biliary stent 13 (10) 7 (11)

CA19-9 levels at baseline, median
(range), U/mLa

41.5 (0-61 200)b 39
(0.1-11 529)b

Abbreviations: CA19-9, carbohydrate antigen 19-9; ECOG PS, Eastern
Cooperative Oncology Group performance status; IDH1, isocitrate
dehydrogenase 1.
a Patients included in the safety analysis set, before crossover.
b Placebo, n = 59; ivosidenib, n = 123.
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chemotherapy.19 In a previous report, the IDH1-variant allele
fraction from plasma circulating tumor DNA and the plasma
D-2-hydroxyglutarate levels were suppressed by ivosidenib,32

further supporting the antitumor and pharmacodynamic ef-

fect of the drug. The robust improvement in PFS led to the ad-
dition of ivosidenib to contemporary treatment guidelines as
a subsequent-line treatment option for patients with cho-
langiocarcinoma with IDH1 mutation after disease progres-

Figure 2. Overall Survival and Treatment Duration in the Intent-to-Treat Population
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A, Overall survival in the
intent-to-treat population.
Reproduced from Zhu.30 B, Median
treatment duration with ivosidenib
(n = 123), 2.8 months (range, 0.1-34.4
months). C, All patients treated with
placebo are shown in orange (n = 59);
those who crossed over to ivosidenib
are shown in dark blue (n = 43).
Median treatment duration with
placebo, 1.6 months (range, 0-6.9
months); median treatment duration
with ivosidenib after crossover, 2.7
months (range, 0.3-29.8 months). HR
indicates hazard ratio; OS, overall
survival; and RPSFT, rank-preserving
structural failure time. Crosses
indicate censoring.
a Patients without documentation of

death at the data cutoff date were
censored at the date the patient
was last known to be alive or the
data cutoff date, whichever was
earlier.
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sion: the NCCN Clinical Practice Guidelines in Oncology (see
Additional Information in the end matter),33 the Thésaurus Na-
tional de Cancérologie Digestive guidelines (France),34 and the
Associazione Italiana de Oncologia Medica guidelines (Italy).35

To some extent, the population in this trial represents a
real-world population in that patients receiving second-line and
third-line treatment were included and there were no exclu-
sions for comorbid conditions, such as ascites, pleural effu-
sions, or biliary stents. In fact, more than 90% of patients had
metastatic disease at baseline, and approximately 25% had
baseline ascites. Progression-free survival among patients with
advanced biliary cancer receiving second-line chemotherapy
is approximately 2 to 3 months,11,36,37 and chemotherapy may
lead to cumulative toxic effects. Ivosidenib provides an alter-
native therapeutic option for patients in need of new noncy-
totoxic treatments that can target tumors, delay progression,
preserve QOL, and potentially extend survival.

In this final analysis, ivosidenib numerically improved OS,
despite a high rate of crossover from the placebo group (70%),
and this improvement was further supported by the differ-
ence in OS vs placebo when adjusted for crossover (HR, 0.49
[95% CI, 0.34-0.70]; 1-sided P < .001). The median OS of 10.3
months compares favorably with the published literature on
chemotherapy and other targeted agents for patients with ad-
vanced biliary tract cancer, for whom the median OS is ap-
proximately 6 months.5,36,38,39 The 12-month survival rate was
43% for the ivosidenib group. In addition, QOL results tended
to favor ivosidenib, with preservation of domains including
physical and emotional functioning relative to worsening for
patients in the placebo group through day 1 of cycle 3. The pres-
ence of comutations at baseline has been investigated in this
data set to identify potential genes or biological pathways that
may be associated with overall response with ivosidenib. The
most common oncogenic comutations identified in this study
were PI3KCA, KRAS, BRAF, and FGFR2, consistent with a pre-

vious report on ivosidenib.18 No significant association was
found between comutations in any single gene and OS, PFS,
or treatment duration in this large data set—an important fac-
tor for this type of analysis—of patients with cholangiocar-
cinoma with IDH1 mutation. These findings suggest that ra-
tional treatment combinations for this patient population may
include PI3K-targeting agents but not agents targeting neuro-
trophic tyrosine receptor kinase fusions.

Limitations
Although the findings reported here herald a paradigm shift
in the treatment of cholangiocarcinoma, the study has some
limitations. It is very likely that the treatment effect estimate
on the primary analysis of OS was confounded by the allow-
ance of crossover. The option for crossover was included in the
study design based on feedback from patient advocacy groups
and clinicians. This study design feature supported the ac-
crual of this rare biomarker-selected patient population. More-
over, analyses of the QOL data were limited by small sample
sizes at day 1 of cycle 2 and day 1 of cycle 3 owing, in part, to
rapid progression and subsequent withdrawal from the study,
which is typical of this disease. Last, a limitation of the comu-
tation analysis was the lack of on-study biopsies to under-
stand mechanisms of resistance. Additional translational stud-
ies are under way to assess the relapse mechanisms using
circulating tumor DNA sequencing.

Conclusions
Taken together, the efficacy data and tolerable safety profile,
as well as supportive QOL data, demonstrate the clinical ben-
efit of ivosidenib compared with placebo for patients with this
aggressive disease in which there is an unmet need for new
therapies.
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