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double-blind, placebo-controlled, phase 3 study

Ghassan K Abou-Alfa*, Teresa Macarulla, Milind M Javle, Robin K Kelley, Sam J Lubner, Jorge Adeva, James M Cleary, Daniel V Catenacci,
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Rachna T Shroff, Anthony B El-Khoueiry, Bin Fan, Bin Wu, Christina X Chamberlain, Liewen Jiang, Camelia Gliser, Shuchi S Pandya, Juan W Valle,
Andrew X Zhu*

Summary

Background Isocitrate dehydrogenase 1 (IDH1) mutations occur in approximately 13% of patients with intrahepatic
cholangiocarcinoma, a relatively uncommon cancer with a poor clinical outcome. The aim of this international
phase 3 study was to assess the efficacy and safety of ivosidenib (AG-120)—a small-molecule targeted inhibitor of
mutated IDH1—in patients with previously treated IDHI-mutant cholangiocarcinoma.

Methods This multicentre, randomised, double-blind, placebo-controlled, phase 3 study included patients from
49 hospitals in six countries aged at least 18 years with histologically confirmed, advanced, IDHI-mutant
cholangiocarcinoma who had progressed on previous therapy, and had up to two previous treatment regimens for
advanced disease, an Eastern Cooperative Oncology Group performance status score of 0 or 1, and a measurable
lesion as defined by Response Evaluation Criteria in Solid Tumors version 1.1. Patients were randomly assigned (2:1)
with a block size of 6 and stratified by number of previous systemic treatment regimens for advanced disease to oral
ivosidenib 500 mg or matched placebo once daily in continuous 28-day cycles, by means of an interactive web-based
response system. Placebo to ivosidenib crossover was permitted on radiological progression per investigator
assessment. The primary endpoint was progression-free survival by independent central review. The intention-to-
treat population was used for the primary efficacy analyses. Safety was assessed in all patients who had received at
least one dose of ivosidenib or placebo. Enrolment is complete; this study is registered with ClinicalTrials.gov,
NCT02989857.

Findings Between Feb 20, 2017, and Jan 31, 2019, 230 patients were assessed for eligibility, and as of the Jan 31, 2019
data cutoff date, 185 patients were randomly assigned to ivosidenib (n=124) or placebo (n=61). Median follow-up for
progression-free survival was 6-9 months (IQR 2-8-10-9). Progression-free survival was significantly improved with
ivosidenib compared with placebo (median 2-7 months [95% CI 1-6—4-2] vs 1-4 months [1-4-1-6]; hazard ratio 0-37;
95% CI 0-25-0-54; one-sided p<0-0001). The most common grade 3 or worse adverse event in both treatment groups
was ascites (four [7%] of 59 patients receiving placebo and nine [7%] of 121 patients receiving ivosidenib). Serious
adverse events were reported in 36 (30%) of 121 patients receiving ivosidenib and 13 (22%) of 59 patients receiving
placebo. There were no treatment-related deaths.

Interpretation Progression-free survival was significantly improved with ivosidenib compared with placebo, and
ivosidenib was well tolerated. This study shows the clinical benefit of targeting IDH1 mutations in advanced, IDHI-
mutant cholangiocarcinoma.

Funding Agios Pharmaceuticals.

Copyright © 2020 Elsevier Ltd. All rights reserved.

Introduction
Isocitrate dehydrogenase 1 (IDHI) mutations are

ineligible for intensive chemotherapy, and for relapsed
or refractory acute myeloid leukaemia.”® In a phase 1

detected in approximately 13% (range 9-20%) of intra-
hepatic cholangiocarcinomas globally,! with varying
frequency.** Preclinical data show the role of IDH
mutations in cholangiocarcinoma pathogenesis through
their effect on liver progenitor cell differentiation and
proliferation.’ Ivosidenib (AG-120) is an oral, potent,
targeted inhibitor of mutated IDH1 approved for patients
with newly diagnosed acute myeloid leukaemia who are

dose-escalation and expansion study, ivosidenib showed
a median progression-free survival of 3-8 months;
6-month progression-free survival of 40-1% and 12-month
progression-free survival of 21-8%; a median overall
survival of 13-8 months; and a favourable safety profile
in patients with previously treated, IDHI-mutant,
advanced cholangiocarcinoma.” We report herein the
results of a randomised, phase 3 study investigating the

www.thelancet.com/oncology Vol 21 June 2020


http://crossmark.crossref.org/dialog/?doi=10.1016/S1470-2045(20)30157-1&domain=pdf

Articles

Research in context

Evidence before this study

The prognosis for intrahepatic cholangiocarcinoma is poor,
with 5-year survival rates below 10%, and global incidence of
the disease is increasing. Surgery is the only curative option
for localised cholangiocarcinoma, although rates of
recurrence are high. For unresectable or metastatic disease,
chemotherapy remains the primary treatment strategy, with
gemcitabine plus cisplatin being the standard of care. We
searched PubMed for manuscripts published between

June 20, 2006, and Feb 1, 2016, with no language restrictions,
using the terms “metastatic cholangiocarcinoma AND
treatment”, and “IDH1 AND cholangiocarcinoma”. We
identified several reports describing mutations in the gene for
the metabolic enzyme isocitrate dehydrogenase 1 (IDH1) in
approximately 20% of patients with intrahepatic
cholangiocarcinoma. Moreover, we evaluated preclinical and
clinical work published between June 20, 2006, and

Feb 1, 2016, including that presented at scientific congresses,
to understand the biological effect of the disease, as well as
the outcomes among previously treated patients with
advanced biliary tract cancers receiving chemotherapy.
Ivosidenib is a potent, oral inhibitor of mutated IDH1. In a
phase 1 dose-escalation and expansion study, ivosidenib
showed promising progression-free survival and overall
survival outcomes, combined with a favourable safety and

efficacy and safety of ivosidenib in this population after
progression on standard chemotherapy.

Methods

Study design and participants

This multicentre, randomised, double-blind, placebo-
controlled, phase 3 study was done across 49 hospitals in
six countries (France, Italy, South Korea, Spain, the UK,
and the USA; appendix pp 3-4). Eligible patients were
aged 18 years or older with histologically confirmed,
advanced, IDHI-mutant cholangiocarcinoma (appendix
p 9). Up to two previous treatment regimens for
advanced disease (unresectable or metastatic), with one
gemcitabine-based or fluorouracil-based chemotherapy
and no previous mutant IDH inhibitor therapy, were
required. Progression at inclusion was determined and
confirmed by the investigator on the basis of available
medical history or imaging report. Additional key
eligibility criteria included a life expectancy of at least
3 months; an Eastern Cooperative Oncology Group
(ECOG) performance status score of 0 or 1, a measurable
lesion as defined by Response Evaluation Criteria in
Solid Tumors (RECIST) version 11" and adequate
haematological, hepatic, and renal function (appendix
pp 9, 17). IDH1 mutation status was confirmed centrally
by next-generation sequencing on formalin-fixed, paraffin-
embedded tumour tissue (from a banked tumour sample
collected preferably within the last 3 years or a fresh
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tolerability profile, in previously treated patients with
IDH1-mutant, advanced cholangiocarcinoma.

Added value of this study

This study establishes the efficacy and safety of ivosidenib in
patients with IDH1-mutant cholangiocarcinoma who had
progressed on previous standard chemotherapy. Ivosidenib
treatment resulted in a significant improvement in
progression-free survival, with a favourable safety and
tolerability profile.

Implications of all the available evidence

With no approved targeted therapies, and modest survival
outcomes with chemotherapy in patients with unresectable or
metastatic cholangiocarcinoma, there is an urgent need for new
therapies. Although cholangiocarcinoma-associated genetic
alterations are now better defined, there are still no approved
targeted therapies in this disease. This study of ivosidenib
shows a benefit of targeting mutant IDH1 in patients with
advanced, IDH1-mutant cholangiocarcinoma, and highlights
the clinical relevance of tumour mutation profiling in the
management of this rare cancer with poor outcomes. Results
from this study and the follow-up mature overall survival data
will be used to support an application for regulatory approval of
the drug to the US Food and Drug Administration and other
agencies in the future.

tumour biopsy) by means of the Oncomine Focus Assay
(Thermo Fisher Scientific, Waltham, MA, USA) in a
Clinical Laboratory Improvement Amendments-certified
laboratory (appendix p 5).

Patients who had received previous local therapy
(including but not limited to embolisation, chemo-
embolisation, radiofrequency ablation, or radiotherapy)
were eligible provided measurable disease fell outside of
the treatment field, or within the field but had shown at
least 20% growth in tumour size since the post-treatment
assessment. Patients were excluded if they had received
systemic anticancer therapy or an investigational agent
less than 2 weeks before day 1 (washout from previous
immune-based anticancer therapy being 4 weeks);
had received radiotherapy to metastatic sites of disease
less than 2 weeks before day 1; or had undergone hepatic
irradiation, chemoembolisation, and radiofrequency
ablation less than 4 weeks before day 1. Patients with the
following comorbidities were not permitted: active
cardiac disease within 6 months before the start of study
treatment; myocardial infarction; unstable angina or
stroke; active hepatitis B or C viral infections; known
positive HIV antibody results, or AIDS-related illness.
This study was done according to the International
Conference on Harmonisation of Good Clinical Practice
guidelines and the principles of the Declaration of
Helsinki.”” Approval from the institutional review board
and international ethics committee was obtained at each
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study site. Patients provided written, informed consent
before participating in the study. The complete study
protocol is available in the appendix.

Randomisation and masking

Patients were enrolled and treated by the investigators
at participating study centres on an outpatient basis.
Patients were randomly assigned (2:1) to ivosidenib or
matched placebo, with a block size of 6, and stratified
by number of previous systemic treatment regimens
for advanced disease (one vs two). Randomisation
into the two treatment groups was implemented by an
interactive web-based response system and generated
by an independent statistical group. Ivosidenib and
placebo were packaged and labelled identically to
ensure that study personnel remained masked to treat-
ment assignment. Patients, investigators and their
teams, and designated individuals from the sponsor
were masked to study treatment until disease pro-
gression as assessed by the investigator (appendix
pp 4-5).

Procedures

Ivosidenib 500 mg or placebo was given orally once daily
in continuous 28-day cycles (plus or minus 2 days),
starting on cycle 1 day 1. Study visits were done every
other week during cycles 1-3 (days 1 and 15) and on day 1
of subsequent cycles. Treatment was to continue until
disease progression as determined by investigator,
development of other unacceptable toxicity, confirmed
pregnancy, death, withdrawal of consent, loss to follow-
up, or study unblinding or ending. Continuation of
treatment after radiographic disease progression was
permitted, provided that the investigator deemed that
there was a clinical benefit. A post-treatment follow-up
visit for safety occurred 28 days (no more than 33 days)
after the last dose of study drug. Dose modifications of
ivosidenib or placebo from 500 mg to 250 mg were
permitted in the study for management of adverse
events. If more than one adverse event occurred that
required a dose modification, on resolution of all adverse
events to baseline or grade 1, ivosidenib or placebo dose
was reduced to 250 mg. Re-escalation was allowed with
approval from the medical monitor.

Radiographic assessment (CT or MRI) for evaluation of
disease response was done by the investigator from
cycle 1, day 1 every 6 weeks (plus or minus 5 days)
through week 48, and every 8 weeks (plus or minus
5 days) thereafter. The central independent radiology
centre (IRC) did not perform real-time confirmation of
locally determined radiographic progression. Quality of
life (QOL) was assessed by means of the European
Organisation for Research and Treatment of Cancer
Quality of Life Questionnaire Core 30 (EORTC QLQ-C30)
and cholangiocarcinoma and gallbladder cancer module
(EORTC QLQ-BIL21), Patient Global Impression (PGI)
questions adapted from the National Institute of Mental

Health PGI of change (PGI-C) for three prespecified
domains of interest (physical functioning, pain, and
appetite loss), and the 5-level EuroQol 5-Dimension
(EQ-5D-5L) for future health economic modelling.*” A
detailed QOL assessment schedule is provided in the
appendix (p 6). Safety and tolerability were assessed from
the first dose of study treatment by the incidence of
treatment-emergent adverse events; by severity and type
of adverse event (per the National Cancer Institute
Common Terminology Criteria for Adverse Events,
version 4.03); and by evaluation of vital signs, ECOG
performance status, clinical laboratory test results, and
electrocardiograms (because ivosidenib-treated patients
can develop QT prolongation).® Adverse events are
reported for patients before crossover unless otherwise
specified.

Patients who discontinued treatment for reasons other
than disease progression or withdrawal of consent
entered progression-free survival follow-up (every 6 weeks
through week 48, and every 8 weeks thereafter) until
documented disease progression or the start of new
cancer treatment. On the basis of investigator-confirmed
radiographic progression, unmasking was permitted and
eligible patients receiving placebo were permitted to
receive open-label ivosidenib. Follow-up for overall
survival occurred every 12 weeks after the end of
treatment, unless the patient was in follow-up for
progression-free survival, and continued after the primary
endpoint was reached.

Blood samples were drawn before and after dosing to
establish circulating plasma concentrations of ivosidenib
and p-2-hydroxyglutarate (2-HG), an oncometabolite that
accumulates as a result of IDH mutations.®

Outcomes

The primary endpoint was progression-free survival as
assessed by the central IRC based on RECIST version 1.1
assessment. Progression-free survival was defined as the
time from the date of randomisation to the date of first
documentation of disease progression or death owing to
any cause, whichever occurred first.

Secondary endpoints were overall survival; objective
response rate by RECIST version 1.1; duration of
response and time to response (assessed by the investi-
gator and IRC); progression-free survival (by investigator
review); pharmacokinetics and pharmacodynamics; QOL
assessed by EORTC QLQ-C30 and EORTC QLQ-BIL21
change from baseline and PGI-C anchor questions; and
EQ-5D-5L for health economic modelling. EQ-5D-5L
findings based on final data will be reported elsewhere.

Statistical analysis

Assuming a hazard ratio (HR) of 0- 5 for progression-free
survival, a total of 131 progression-free survival events
would be required to provide 96% power at a one-sided a
level of significance of 0- 025 to reject the null hypothesis.
Overall survival analyses were done once at the time of
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the final analysis for progression-free survival and will be
done again at the occurrence of 150 overall survival
events, approximately 24 months after the last patient
has been randomised. Assuming an HR of 0-67 for
overall survival, a total of 150 deaths will provide
64% power at a one-sided a level of significance of 0-025.

The intention-to-treat population, comprising all ran-
domly assigned patients within the designated treatment
group, was used for primary efficacy analyses and other
analyses unless otherwise specified. The safety analysis
population included all patients who received at least one
dose of study treatment, with the actual treatment
received before crossover as the treatment group unless
otherwise specified. The crossover population included a
subset of placebo patients who crossed over and received
open-label ivosidenib upon radiographic disease
progression (appendix p 5).

A Cox regression model stratified by the randomisation
stratification factor was used to estimate the HR and the
95% CI for the progression-free and overall survival
comparison of the ivosidenib and placebo groups as well
as the overall survival analyses. A log-rank test stratified by
the randomisation stratification factor was used to assess
significance. 95% Cls for the survival rate estimates were
calculated via log-log transformation. Patients starting
treatment with a new anticancer therapy before IRC-
assessed progression or death were censored at the last
adequate assessment before the new anticancer therapy.
Patients alive without a post-baseline assessment were
censored at the randomisation date. Patients who did not
progress or die by the data cutoff date were censored at the
last adequate assessment date. Patients with progression
or death following a long gap (=2 consecutive scheduled
assessments missing) were censored at the date of the last
adequate assessment before the gap. For overall survival,
patients without documentation of death at the time of 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.

The rank-preserving structural failure time (RPSFT)
method was used to reconstruct the survival curve
(prespecified exploratory analysis) for patients receiving
placebo as if crossover had never occurred (appendix p 5).”
RPSFT assumes that the treatment effect is the same for
all patients, regardless of when the treatment is given.

Subgroup analyses by previous line of therapy, sex,
extent of disease at screening, cholangiocarcinoma type,
ECOG performance status score, and geographical
region were performed on progression-free survival per
IRC and overall survival, and included Kaplan-Meier
summaries, unstratified log-rank test, p values, and HRs
from Cox regression models. The proportional hazard
assumption was met on the basis of graphic check.

Mixed-effect models with repeated measurements
(with baseline score, treatment, visit, and treatment-by-
visit as fixed effects and patient as random effect) were
used on change scores from baseline to cycle 2 day 1 for

www.thelancet.com/oncology Vol 21 June 2020

230 patients assessed for eligibility*

—»

44 excluded for screening failure
1 patient still being screened at data cutoff

v

| 185 randomly assigned

v

v

124 patients allocated to receive ivosidenib
at 500 mg once daily
121 were treated
3 were not treated due to elevated total
bilirubin, clinical decompensation, and
not meeting eligibility criteria

61 patients allocated to receive placebo
59 treated
2 not treated owing to health deterioration

38 on treatment* 8 on treatment*
83 discontinued treatment 51 discontinued treatment
65 progressive disease 44 progressive disease
6 adverse event 4 adverse event
> 6 withdrawal by participant > 2 withdrawal by participant
4 death 1 withdrawal of consent
1 withdrawal of consent
1other
35 crossed over to receive ivosidenib
(crossover analysis set)
5 received ivosidenib
30 discontinued treatment
25 progressive disease
2 adverse event
2 physician decision
1 withdrawal of consent
v v v
71 on study* 27 on study*
53 discontinued study 34 discontinued study
47 death 27 death

5 withdrawal of consent
1 lost to follow-up

7 withdrawal of consent

v

v

124 ITT analysis set
121 safety analysis set
3 patients excluded, did not receive study
drug

61ITT analysis set
59 safety analysis set
2 patients excluded, did not receive study
drug

Figure 1: Trial profile
ITT=intention-to-treat. *As of data cutoff, Jan 31, 2019.

subscales of the EORTC QLQ-C30 and QLQ-BIL21
corresponding to the three domains of interest (physical
functioning, pain, and appetite loss; appendix p 6)."*
Clinically meaningful change thresholds on these sub-
scales were estimated by means of the respective PGI-C
ratings as anchors (appendix p 6). The focus was on
cycle 2 day 1, considering the availability of QOL data.
QOL analyses were exploratory in nature; therefore,
type 1 error control for multiplicity was not considered.
All time-to-event endpoints were estimated by means
of Kaplan-Meier methods. Descriptive statistics were
used to summarise safety data, response rates, QOL
data, and pharmacokinetic and pharmacodynamic data.
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Ivosidenib (n=124)  Placebo (n=61)
Sex
Female 80 (65%) 37 (61%)
Male 44 (35%) 24 (39%)
Age, years 61(33-80) 63 (40-83)
Previous lines of therapy
One 66 (53%) 33 (54%)
Two 58 (47%) 28 (46%)
Eastern Cooperative Oncology Group performance status
0 49 (40%) 19 31%)
1 74 (60%) 41(67%)
2 0 1(2%)
3 1(1%) 0
Cholangiocarcinoma type at diagnosis
Intrahepatic 111 (90%) 58 (95%)
Extrahepatic 1(1%) 1(2%)
Perihilar 4 (3%) 0
Unknown 8 (6%) 2 (3%)
Extent of disease at screening
Local-regional 9 (7%) 5 (8%)
Metastatic 115 (93%) 56 (92%)
Liver cirrhosis at screening
Yes 6 (5%) 3 (5%)
Hepatitis B 1(1%) 0
Hepatitis C 0 1(2%)
Alcohol 1(1%) 0
Other 4 (3%) 2 (3%)
No 118 (95%) 58 (95%)
IDH1 mutation
R132C 84 (68%) 45 (74%)
R132L 21 (17%) 7 (11%)
R132G 17 (14%) 6 (10%)
R132S 2(2%) 1(2%)
R132H 0 2(3%)
CA19-9 concentration at 420 39:0
baseline, * units per mL (0-18560-0)t (0-1-11529-0)t
Data are median (range) or n (%). IDH1=Isocitrate dehydrogenase 1. *From
patients included in the safety analysis set, before crossover. tPlacebo, n=59;
ivosidenib, n=121.
Table 1: Demographic and baseline characteristics

All reported p values are one-sided unless otherwise
specified. Statistical analyses were done with SAS
software (version 9.4).

An independent data and safety monitoring board
regularly reviewed the data to ensure treatment safety
and proper study conduct. This study is registered with
ClinicalTrials.gov, NCT02989857.

Role of the funding source

The funder had a role in study design, data collection, data
analysis, and data interpretation. Medical writing support
was provided by the funder. The first and last authors had
full access to all of the data in the study and had final
responsibility for the decision to submit for publication.

Results

Between Feb 20, 2017, and Jan 31, 2019, 230 patients were
assessed for eligibility and as of Jan 31, 2019 (the analysis
cutoff date based on investigator-assessed progression-
free survival), 185 (80%) patients were randomly assigned
to ivosidenib (n=124) or placebo (n=61; figure 1).
44 (19%) patients were considered ineligible, mainly
owing to not having documented IDHI-mutant disease
or having an ECOG performance status score of 2 or
greater. Baseline demographic and disease characteristics
were similar in the ivosidenib and placebo groups; among
all 185 patients, R132C was the most prevalent IDH1
mutation (129 [70%]), 171 (92%) had metastatic disease,
and 86 (46%) had received two previous lines of therapy
(table 1). Most patients (173 [94%] of 185) had received a
previous platinum-based therapy (118 in the ivosidenib
group and 55 in the placebo group). At the data cutoff,
35 (57%) of 61 patients in the placebo group had crossed
over to receive open-label ivosidenib. Of the remaining
26 patients, 13 (50%) had died, eight (31%) were still
receiving placebo, two never received study drug,
two withdrew consent, and one received another treat-
ment. Among the 121 patients who received ivosidenib,
14 (12%) were permitted to continue treatment beyond
radiographic progression, as determined by the local
investigator.

The median follow-up for progression-free survival by
IRC assessment was 6-9 months (IQR 2-8-10-9).
76 (61%) of 124 patients in the ivosidenib group and
50 (82%) of 61 patients in the placebo group had
progression-free survival events by IRC assessment.
Progression-free survival by IRC assessment was longer
for patients in the ivosidenib group (median 2-7 months
[95% CI 1-6—4-2]) than for those in the placebo group
(1-4 months [1-4-1-6]; HR 0-37; 95% CI 0-25-0-54;
one-sided p<0-0001; figure 2A). Progression-free survival
at 6 months was 32% (95% CI 23-42) and 22% (13-32) at
12 months for ivosidenib; no patients in the placebo
group were free from progression for 6 months or more.
Progression-free survival benefit according to subgroups
is shown in figure 2B. Progression-free survival by
investigator review was similar to that observed by IRC
assessment (median 2-7 months [95% CI 1-6-3-6] for
ivosidenib vs 1-4 months [1-4-2-5] for placebo; HR 0-47;
95% CI 0-33-0-68; p<0-0001), with an overall concor-
dance of 77% for progression-free survival status between
investigator and IRC assessment (appendix p 10).
Progression-free survival by investigator assessment for
patients who crossed over from placebo to ivosidenib is
shown in the appendix (p 11).

Median overall survival (intention-to-treat population)
was 10-8 months (95% CI 7-7-17-6) for the ivosidenib
group versus 9-7 months (4-8-12-1) for the placebo
group (HR 0-69 [95% CI 0-44-1-10]; p=0-060) based on
78 deaths (29 in the placebo group and 49 in the
ivosidenib group) and crossover of 35 patients from the
placebo group (figure 3). The 6-month overall survival
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100+ —— Ivosidenib

—— Placebo

904 HR 0-37 (95% Cl 0-25-0-54); p<0-0001

704
60+
50

40-

Progression-free survival (%)

6 7 8 § 1 11 12 13 14 15 16 1, 18 19 2

H_

o
w
~
o]

. Time since randomisation (months)
Number at risk

(number censored)
Ivosidenib 124 105 54 40 36 28 22 16 14 10 9 6 5 4 3 3 2 1 1 0
(0)  (8) (24) (26) (28) (32) (34) (36) (38) (40) (41) (44) (45 (45 (45 (45) (46) (47) (47) (48)
Placebo 61 46 11 6 4 1 0 . . . . . . . . . . . . .
© @ © (9 @) @) (1)

Number of events/ HR (95% Cl)
number of patients

Ivosidenib  Placebo

Previous lines of therapy

1 37/70 29/36 — 0-37(0-22-0-61)

22 39/54 21/25 — 0-41(023-0.73)

Sex

Female 45/80 29/37 — 036 (0-22-0-59)

Male 31/44 21/24 — 0-45 (0-25-0-81)

Extent of disease at screening

Local-regional 3/9 4/5 _— s | 0-20 (0-035-1-11)

Metastatic 73/115  46/56 —a 0-41(0-28-0-60)

Cancer type at initial diagnosis

Intrahepatic cholangicarcinoma 67/111 47/58 —a— 0-38 (0-26-0-57)

Extrahepatic cholangiocarcinoma 2/5 171

Unknown 7/8 2/2

ECOG performance status at baseline

0 27/49 14/19 — 0-26 (0:12-0-54)

=1 49175 36/42 —a— 052 (0:33-0-80)

Region

North America 51/84 32/40 —a 0-40 (0-25-0-63)

Europe 21/33 13/16 —_— 0-39 (0-19-0-83

Asia 417 5/5 _—. 0-42 (0-11-1-60)

Overall 76/124 50/61 —a— 0-37(0-25-0-54)
0-2)1 0-‘10 100 10’00

Favours ivosidenib  Favours placebo

Figure 2: Progression-free survival assessed by the independent radiology centre before crossover in the intention-to-treat population

(A) The Kaplan-Meier plot of the probability of progression-free survival among patients receiving ivosidenib compared with those receiving placebo. Scans after local
disease progression per investigator assessment were not submitted to the independent radiology centre for evaluation and thus were excluded from this analysis.
Cross marks indicate censored observations. (B) Forest plot of progression-free survival HRs for key subgroups. Scans after local disease progression per investigator
assessment were not submitted to the independent radiology centre for evaluation and thus were excluded from this analysis. The HR for the overall subgroup was
calculated from the stratified Cox regression model and for each subgroup from the unstratified Cox regression model. The number of previous lines of therapy was
based on the actual previous lines that patients received per eligibility, reviewed by the sponsor’s medical monitor. If patients had both local and metastatic status,
disease was considered to be metastatic. Perihilar disease was included as extrahepatic disease. The baseline ECOG performance status measurement was defined as
the most recent measurement before the first dose of study drug. If patients did not receive study drug, the latest assessment was considered to be the baseline
assessment. ECOG=Eastern Cooperative Oncology Group. HR=hazard ratio.
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Figure 3: Overall survival in the intention-to-treat population
Cross marks indicate censored observations. RPSFT=rank-preserving structural failure time.

rate for ivosidenib was 67% (95% CI 56-75) and the
12-month rate was 48% (36-59), versus 59% (44-71) and
38% (22-54), respectively, for placebo. Overall survival by
subgroup is reported in the appendix (p 12). The RPSFT-
adjusted median overall survival was 6-0 months
(95% CI 3-6-6-3) for the placebo group (HR 0-46
[95% CI 0-28-0-75]; p=0-0008).

The objective response rate per IRC assessment for
ivosidenib was three (2%) of 124 patients, comprising
three partial responses (appendix pp 7, 13). 63 (51%) of
124 patients in the ivosidenib group had stable disease
(appendix p 18). No patients in the placebo group had an
objective response and 17 (28%) of 61 patients in the
placebo group had stable disease (appendix p 18). Best
overall response per investigator assessment before and
after crossover are in the appendix (pp 14, 19). Charac-
teristics of patients receiving ivosidenib achieving a
confirmed partial response per IRC before unmasking
are described in the appendix (p 20).

The median duration of treatment was 2-6 months
(IQR 1-4-6-0) for ivosidenib and 1- 6 months (1-1-2-7) for
placebo (figure 4; see appendix p 14 for duration by
investigator assessment). All grade 3-5 treatment-
emergent adverse events that occurred before crossover,
and their corresponding grade 1-2 treatment-emergent
adverse events, are shown in table 2. An expanded list of
adverse events, including treatment-emergent adverse
events reported in the ivosidenib population after
crossover are in the appendix (p 21). The most common
grade 3 or worse adverse event in both treatment groups
was ascites (four [7%] of 59 patients who received placebo
and nine [7%] of 121 patients who received ivosidenib;
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table 2). Treatment-related adverse events are shown in
the appendix (p 22). Serious adverse events were reported
for 36 (30%) of 121 patients receiving ivosidenib, and were
deemed treatment related in three (2%) patients (grade 4
hyperbilirubinaemia, grade 3 jaundice cholestatic, grade 2
electrocardiogram QT prolonged, and grade 3 pleural
effusion; hyperbilirubinaemia and jaundice cholestatic
were recorded for the same patient). Serious adverse
events were reported in 13 (22%) of 59 patients receiving
placebo; none were deemed treatment related. 14 (12%)
patients receiving ivosidenib and ten (17%) patients
receiving placebo died within 30 days of receiving the last
dose. Four (3%) of 121 patients receiving ivosidenib had
an adverse event leading to death (pneumonia, sepsis,
intestinal obstruction, and pulmonary embolism; n=1
each), none of which were assessed by the investigator as
treatment related (appendix p 23), and ten died owing
to progressive disease. No treatment-emergent adverse
events leading to death were reported in the placebo
group, with all ten deaths due to progressive disease.

Treatment-emergent adverse events requiring a dose
reduction occurred in four (3%) of 121 patients receiving
ivosidenib versus none receiving placebo. Treatment-
emergent adverse events leading to treatment discon-
tinuation occurred in seven (6%) of 121 patients receiving
ivosidenib versus five (8%) receiving placebo. Treatment-
related adverse events leading to treatment discon-
tinuation occurred in two (2%) of 121 patients receiving
ivosidenib (grade 2 generalised oedema and grade 4
hyperbilirubinaemia).

At baseline, 113 (91%) of 124 patients in the ivosidenib
group and 52 (85%) of 61 patients in the placebo group
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completed the EORTC QLQ-C30 assessment, and
107 (86%) and 51 (84%) completed the QLQ-BIL21
assessment. At cycle 2 day 1, EORTC QLQ-C30 change
scores from baseline were available for 62 (55%) of
113 patients in the ivosidenib group and 20 (38%) of
52 patients in the placebo group; and QLQ-BIL21 change
scores from baseline were available for 60 (56%) of
107 patients in the ivosidenib group and 19 (37%) of
51 patients in the placebo group. The decline from base-
line at cycle 2 day 1 on the EORTC QLQ-C30 physical
functioning subscale (higher score denoting better
functioning) was significantly less for patients in the
ivosidenib group (n=62; least squares mean —3-4[SE 1-81))
than for patients in the placebo group (n=20; -13-1[3-04];
difference 9-8 [95% CI 2-8-16-7]; p=0-0059; appendix
pp 15, 24). The decline was clinically meaningful in the
placebo arm only (appendix pp 7-8, 25). Differences in
change from baseline for pain and appetite loss subscales
were not significant between groups, and clinically
meaningful changes could not be established owing to
data availability (appendix p 24).

Pharmacokinetic and pharmacodynamic parameters
observed in this study were consistent with previous
findings.”” At the cycle 2 day 1 visit, samples were
collected from 126 patients receiving ivosidenib (99 active
ivosidenib patients and 27 crossover patients) for
pharmacokinetic and pharmacodynamic analyses. After
one cycle of ivosidenib, mean trough plasma 2-HG
decreased by up to 97% from baseline to cycle 2 day 1, to
concentrations similar to those observed in healthy
individuals, versus a 47% increase with placebo from
baseline to cycle 2 day 1 (two-sided p<0-0001). This
decrease was maintained throughout continued
ivosidenib dosing (up to 19 cycles), whereas plasma 2-HG
remained elevated for patients receiving placebo during
the observation period (appendix p 16).

Discussion

This randomised, phase 3 study shows the clinical benefit
of targeting mutant IDH1 in patients with advanced,
IDHI-mutant cholangiocarcinoma. The increase in
progression-free survival for ivosidenib compared with
placebo is clinically meaningful. Although the absolute
improvement in median progression-free survival seems
modest, the statistical strength of the HR reflects a high
reduction in risk of progression, along with a substantial
improvement in the proportion of patients progression
free at 6 and 12 months. The benefit is independent of
number of previous therapies and is consistent across
most subgroups. This improvement in progression-free
survival is important in the context of a favourable safety
and tolerability profile in the chemotherapy-refractory
setting. The disease control rate associated with ivosidenib
was primarily driven by stable disease, reflecting the
mechanism of action of ivosidenib, which is specific to
epigenetic modifications promoting cellular differen-
tiation rather than a direct cytotoxic mechanism.
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Figure 4: Treatment duration and response assessed by the independent radiology centre before crossover in

the intention-to-treat population

(A) Patients receiving placebo. (B) Patients receiving ivosidenib. Partial response required confirmation per

Response Evaluation Criteria in Solid Tumors version 1.1. Stable disease occurring <38 days from the

randomisation date was deemed to be unknown.

Although the crossover design enabled 35 (57%) of
59 patients receiving placebo to receive ivosidenib at
disease progression, there was still a favourable overall
survival result for ivosidenib versus placebo in the
intention-to-treat population. Use of RPSFT modelling to
adjust for the effect of placebo-ivosidenib crossover
resulted in a significant improvement in overall survival,
with a difference of 4-8 months in median overall survival
between ivosidenib and placebo. The RPSFT-adjusted
overall survival results from the placebo group are
consistent with survival outcomes from historical
and recent data for patients managed with best sup-
portive care, active symptom control, or second-line
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Ivosidenib (n=121) Placebo (n=59)
Grade 1-2 Grade 3 Grade 4 Grade 5 Grade1-2  Grade3 Grade 4 Grade 5
Nausea 40 (33%) 3(2%) 0 0 14 (24%)  1(2%) 0 0
Diarrhoea 37 (31%) 0 0 0 9 (15%) 0 0 0
Fatigue 28 (23%) 4(3%) 0 0 9(15%)  1(2%) 0 0
Cough 25 (21%) 0 0 0 5 (8%) 0 0 0
Abdominal pain 23 (19%) 3(2%) 0 0 7 (12%) 1(2%) 0 0
Decreased appetite 21 (17%) 2 (2%) 0 0 11 (19%) 0 0 0
Vomiting 20 (17%) 3 (2%) 0 0 10(17%) 0 0 0
Ascites 16 (13%) 9 (7%) 0 0 5(8%) 4(7%) 0 0
Asthenia 15 (12%) 0 0 0 6(10%)  2(3%) 0 0
Constipation 15 (12%) 0 0 0 10 (17%) 0 0 0
Oedema peripheral 15 (12%) 0 0 0 6 (10%) 0 0 0
Pyrexia 15 (12%) 0 0 0 6(10%) O 0 0
Anaemia 14 (12%) 4(3%) 0 0 3(5%) 0 0 0
Headache 13 (11%) 0 0 0 4. (7%) 0 0 0
Dyspnoea 12 (10%) 1(1%) 0 0 7 (12%) 2 (3%) 0 0
Abdominal distension 10 (8%) 1(1%) 0 0 5 (8%) 0 0 0
Electrocardiogram QT prolonged 10 (8%) 1(1%) 0 0 1(2%) 0 0 0
Back pain 10 (8%) 0 0 0 4.(7%) 1(2%) 0 0
Alanine aminotransferase increased 8 (7%) 2 (2%) 0 0 1(2%) 0 0 0
Hypokalaemia 8 (7%) 1(1%) 0 0 2 (3%) 0 1(2%) 0
Insomnia 8 (7%) 1(1%) 0 0 3 (5%) 0 0 0
Aspartate aminotransferase increased 7 (6%) 6 (5%) 0 0 2 (3%) 1(2%) 0 0
Blood alkaline phosphatase increased 7 (6%) 3(2%) 0 0 3 (5%) 3 (5%) 0 0
Hypoalbuminaemia 7 (6%) 0 0 0 3(5%) 1(2%) 0 0
Hyponatraemia 6 (5%) 4 (3%) 2 (2%) 0 1(2%) 5 (8%) 1(2%) 0
White blood cell count decreased 6 (5%) 2 (2%) 0 0 1(2%) 0 0 0
Arthralgia 6 (5%) 1(1%) 0 0 4 (7%) 0 0 0
Weight decreased 6 (5%) 1(1%) 0 0 1(2%) 1(2%) 0 0
Hypertension 6 (5%) 0 0 0 1(2%) 1(2%) 0 0
Blood bilirubin increased 5 (4%) 7 (6%) 0 0 3(5%) 1(2%) 0 0
Pleural effusion 4 (3%) 1(1%) 1(1%) 0 2 (3%) 0 0 0
Confusional state 4 (3%) 1(1%) 0 0 4(7%) 0 0 0
Pruritus 4(3%) 1(1%) 0 0 2 (3%) 0 0 0
Urinary tract infection 4 (3%) 1(1%) 0 0 1(2%) 0 0 0
Hyperkalaemia 3(2%) 3(2%) 0 0 3 (5%) 2 (3%) 0 0
Hyperbilirubinaemia 3(2%) 1(1%) 2 (2%) 0 0 0 0 0
Platelet count decreased 2 (2%) 3(2%) 0 0 3 (5%) 0 0 0
Fall 2(2%) 2(2%) 0 0 1(2%) 0 0 0
Hypercalcaemia 2(2%) 1(1%) 0 0 5 (8%) 1(2%) 0 0
Rash maculo-papular 2 (2%) 1(1%) 0 0 3(5%) 0 0 0
Thrombocytopenia 2 (2%) 1(1%) 0 0 2 (3%) 0 0 0
Dysphagia 2 (2%) 0 1(1%) 0 2 (3%) 0 0 0
Lymphocyte count decreased 2 (2%) 0 0 0 0 2 (3%) 0 0
Dehydration 1(1%) 4 (3%) 0 0 1(2%) 1(2%) 0 0
Hypophosphataemia 1(1%) 3(2%) 0 0 0 3(5%) 0 0
Pneumonia 1(1%) 2(2%) 0 1(1%) 0 1(2%) 0 0
Acute kidney injury 1(1%) 2 (2%) 0 0 1(2%) 0 0 0
Jaundice 1(1%) 2 (2%) 0 0 0 0 0 0
Pain 1(1%) 2(2%) 0 0 1(2%) 0 0 0
Hypotension 1(1%) 1(1%) 0 0 1(2%) 1(2%) 0 0
(Table 2 continues on next page)
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Ivosidenib (n=121)

Placebo (n=59)

Grade 1-2 Grade 3

Grade 4

Grade 5 Grade 1-2 Grade 3 Grade 4 Grade 5

(Continued from previous page)
Rectal haemorrhage (1%)
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Abdominal pain lower
Hepatic cirrhosis

Jaundice cholestatic
Cholangitis

Hepatic failure

Abdominal infection
Intestinal obstruction
Neutrophil count decreased
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Data are n (%). TEAE is defined as any adverse event that occurred between the first dose of any study drug and 28 days following the last dose. Grade 1-2 adverse events
reported in 210% of patients are shown, and all grade 3-4 are shown. TEAEs that occurred after crossover from the placebo group to the ivosidenib group are reported in the
appendix (p 21). TEAEs are sorted in descending frequency based on the grade 1-2 column for ivosidenib.
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Table 2: Treatment-emergent adverse events (TEAEs)

chemotherapy.”* Despite small post-baseline sample
sizes, the clinical benefit of ivosidenib was further
supported by EORTC QLQ-C30 physical functioning
subscale scores, indicating that patients receiving placebo
had a significantly greater decline in physical functioning
than did patients receiving ivosidenib at cycle 2 day 1.
Moreover, a favourable pharmacokinetic and pharma-
codynamic profile was observed in patients with advanced
IDHI-mutant cholangiocarcinoma who received once-
daily 500 mg ivosidenib. Detailed pharmacokinetic and
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pharmacodynamic data for this patient population will be
published elsewhere.

Ivosidenib was well tolerated; the most common
treatment-emergent adverse events in patients receiving
ivosidenib were low-grade diarrhoea, nausea, and
fatigue. The rates of treatment discontinuation or dose
reduction were low. Although the findings reported here
are specific to patients with IDHI-mutant, advanced
cholangiocarcinoma, representing a relatively small
subset of the disease population,' the incidence of
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intrahepatic cholangiocarcinoma is increasing inter-
nationally”®” and represents an area of growing unmet
need."?

The study has some limitations. Although median
overall survival in patients receiving ivosidenib was
longer than in those receiving placebo, the difference
was not significant; this might be partly attributed to the
effect of the placebo-ivosidenib crossover and the data
not being mature at the time of primary analysis
(42% of events). Despite this, there was a significant
improvement in overall survival for ivosidenib versus
RPSFT-adjusted data for placebo. Without established
efficacious alternatives, there was no justification for
withholding ivosidenib from patients receiving placebo.
Additionally, the limited patient-reported outcome data
collection prevented a thorough evaluation of relevant
QOL parameters in this specific population.

In conclusion, ivosidenib therapy significantly improved
progression-free survival and overall survival after
adjusting for crossover, with a favourable safety profile, in
patients with advanced, IDHI-mutant cholangiocarcinoma
who had progressed on standard chemotherapy. This
study shows the feasibility and clinical benefit of targeting
a molecularly defined subgroup of cholangiocarcinoma
and warrants tumour mutation profiling as a new standard
of care in this heterogeneous disease.”*
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