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Abstract
There is no standard therapy for refractory acute myeloid leukemia 
(AML), but several salvage therapies are available (National Compre-
hensive Cancer Network [NCCN], 2018). Recently, there have been ma-
jor developments in the treatment of AML focusing on the develop-
ment of targeted and novel therapies. Ivosidenib is the first approved 
oral, targeted, small-molecule inhibitor of the isocitrate dehydrogenase 
1 (IDH1) mutation seen in AML. IDH1 mutations have been associated 
with significantly worse outcomes in disease-free survival, relapse-
free survival, and overall survival (NCCN, 2018). This article reviews the 
clinical trials and dose escalation studies that led to the U.S. Food & 
Drug Administration approval for ivosidenib in patients with relapsed 
or refractory AML with a susceptible IDH1 mutation. Patient counsel-
ing and monitoring, including dosing and administration, are important 
steps that advanced practitioners should be aware of. The mechanism 
of action and pharmacokinetic information for ivosidenib is discussed, 
as well as recommendations for drug-drug interaction management. 
Adverse events and monitoring parameters are addressed in detail, as 
well as how to interrupt and resume treatment due to adverse events. 

A cute myeloid leukemia 
(AML) is a hematologic 
malignancy originating 
from abnormal prolifera-

tion of immature hematopoietic cells 
in the bone marrow. Patient age, per-
formance status, molecular mark-
ers, and cytogenetics determine risk 
stratification and prognosis. Approx-
imately two thirds of patients under 
the age of 60 with newly diagnosed 
AML who receive standard induc-
tion therapy of daunorubicin and 
cytarabine achieve remission (com-

plete response [CR]; American Can-
cer Society, 2018; Tamamyan et al., 
2017). However, only half of patients 
over 60 years of age achieve a CR 
after intensive induction treatment 

-
cultly tolerating chemotherapy and 
complex cytogenetic markers associ-
ated with poor prognosis (American 
Cancer Society, 2016; Tamamyan et 
al., 2017).

The curative option for most pa-
tients is a hematopoietic stem cell 
transplant (HCT) for patients who J Adv Pract Oncol 2019;10(5):494–500
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are able to achieve CR. In the 10% to 40% of new-
ly diagnosed AML patients who do not achieve a 
CR and do not meet transplant criteria, salvage 
regimens and clinical trials should be considered 
(Thol, Schlenk, Heuser, & Ganser, 2015). There 
is no standard therapy for refractory disease, but 
several salvage therapies are available (National 
Comprehensive Cancer Network [NCCN], 2018). 
In the past year there have been major develop-
ments in the treatment of AML with a focus on 
the development of targeted and novel therapies. 
Ivosidenib (Tibsovo) is the first oral, targeted, 
small-molecule inhibitor of isocitrate dehydroge-
nase 1 (IDH1) mutations. Approximately 10% to 
20% of patients with cytogenetically normal AML 
(CN-AML) have IDH1 or IDH2 mutations (“Ivo-
sidenib deemed safe, effective in AML”, 2018; Pa-
tel et al., 2011a; Thol et al., 2015). Approximately 
5% to 15% account for IDH1 mutations and 10% to 
20% for IDH2 mutations, with a higher frequency 
of mutations seen in patients with extramedullary 
AML (IDH1 17%, IDH2 14%; Knepper et al., 2018). 
There have been conflicting reports regarding the 
impact of IDH mutations on survival. Comuta-
tions with IDH mutations have been seen most of-
ten with NPM1 mutations (NCCN, 2018; Papaem-
manuil et al., 2016).

MECHANISM OF ACTION
Ivosidenib is a small-molecule inhibitor of IDH1 
enzyme indicated for the treatment of relapsed/
refractory (R/R) AML with a susceptible IDH1 
mutation. Enasidenib (Idhifa) is the IDH2 inhibi-
tor approved for the treatment of AML. Suscep-
tible IDH1 mutations are defined as those with 
increased levels of oncometabolite 2-hydroxy-
glutarate in leukemic cells (Agios Pharmaceuti-
cals, Inc., 2018). IDH mutations are detected via 
Sanger sequencing assays or high-resolution melt-
ing analysis, or both (Patel et al., 2011b). 

In patients with AML, mutations in the ac-
tive sites of IDH1 or 2 result in increased enzyme 
activity and accumulation of 2-hydroxyglutarate. 
Alteration of 2-hydroxygluterate concentrations 
is thought to interfere with cellular metabolism 
and epigenetic regulation, ultimately prevent-
ing the differentiation of myeloid cells (Dhillon, 
2018; “Ivosidenib deemed safe, effective in AML”, 
2018). Ivosidenib targets gene mutations at po-

sition R132; the most common mutations are in 
R132H and R132C. Ivosidenib inhibits IDH1 R132 
mutations at much lower concentrations than 
wild-type IDH1 in vitro. This inhibition lowers 
2-hydroxyglutarate levels, inducing myeloid dif-
ferentiation that reduces blast counts and increas-
es the percentage of mature myeloid cells (Agios 
Pharmaceuticals, Inc., 2018; Sidaway, 2018). 

CLINICAL TRIALS
Ivosidenib was approved by the U.S. Food & Drug 
Administration (FDA) in July 2018 for the treat-
ment of R/R AML with a susceptible IDH1 muta-
tion. Approval was based on a phase I dose-escala-
tion and dose-expansion trial (DiNardo et al., 2017).

The phase I, open-label, single-arm, multi-
center clinical trial assessed pharmacodynamics, 
pharmacokinetics, efficacy, and safety in patients 
receiving ivosidenib with R/R AML or myelo-
dysplastic syndromes with excess blasts. The 
dose-escalation phase (N = 78) included three to 
six patients per cohort to establish the maximum 
tolerated dose. Ivosidenib was given once daily or 
twice daily in 28-day cycles. The maximum tol-
erated dose was not achieved and 500 mg daily 
was the recommended dose in the four expansion 
cohorts (N = 179). Table 1 details the four arms 
that were evaluated (DiNardo et al., 2017). In the 
primary efficacy population, the rates of CR or 
CR with partial hematologic recovery (CRh) and 
overall response rate (ORR) were assessed (Di-
Nardo et al., 2017, 2018).

A total of 258 patients received ivosidenib, 179 
patients of whom had R/R AML. The median age 

Table 1. Ivosidenib Phase I Trial Treatment Arms

Treatment arm Patient qualification

1 Relapsed after HCT, second or later 
relapse, resistance to initial induction, 
reinduction treatment, relapsed within 
1 year of initial treatment

2 Untreated patients with AML

3 Advanced hematologic malignancies, 
including myelodysplastic syndrome

4 Relapsed or refractory AML not 
eligible for Arm 1

Note. HCT = hematopoietic stem cell transplant; AML = 
acute myeloid leukemia. Information from DiNardo et al. 
(2017).
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was 68, with 61% of patients with primary AML 
receiving a median of one previous line of thera-
py. The majority of prior therapy included inten-
sive and nonintensive chemotherapy. No patients 
included in the trial had favorable cytogenetic 
risk. Ivosidenib was found to be rapidly absorbed, 
reaching steady state in approximately 14 days. 
Maximal inhibition of 2-hydroxyglutarate was ob-
served with the 500 mg daily dose; higher doses 
did not achieve any additional inhibition (DiNardo 
et al., 2017).

In the results of the phase I dose-escalation 
and expansion study, 179 patients were included 
in the expansion phase. The median duration of 
exposure was 3.5 months, with 8.5% of patients 
discontinuing treatment to proceed to HCT. Other 
reasons for discontinuation include disease pro-
gression (40.3%), adverse events (12.7%), death 
(6.2%), and investigator decision (4.6%). Reported 
adverse events are described in Table 2 (DiNardo 
et al., 2017). Differentiation syndrome was re-
ported in 10.6% of patients, with a median onset 
of 29 days (range, 5–59 days). Thirty-day all-cause 
mortality was 7% and 60-day all-cause mortality 
was 14.3%. Most deaths were attributed to disease 
progression and complications of the underlying 
disease state (DiNardo et al., 2017).

In the efficacy analysis that included 125 pa-
tients, the ORR was 41.6% (95% confidence in-
terval [CI] = 32.9–50.8),  with a CR or CRh rate of 
30.4% (95% CI = 22.5–39.3). Median time and du-
ration of CR/CRh was 2.7 months (range, 0.9–5.6 
months) and 8.2 months (range, 5.5–12.0 months), 
respectively. The median time and duration of re-
sponse was 1.9 months (range, 0.8–4.7 months) and 
6.5 months (range, 4.6–9.3 months), respectively. Of 
the patients in remission, survival at 18 months was 
50.1%. Overall survival after a median follow-up of 
148 months was 8.8 months (95% CI = 6.7–10.2). Low 
IDH mutational and co-mutational burden in the 
marrow during the study was associated with CR. 
Patients showing response to therapy had decreases 
in mean levels of IDH1 mutation in the mononucle-
ar cells in the marrow (DiNardo et al., 2018). 

Ivosidenib and enasidenib have also been 
studied in a phase I, open-label, multicenter trial 
assessing IDH inhibitors in combination with 
induction therapy with 7 + 3 regimen and con-
solidation with chemotherapy for patients with 

newly diagnosed AML and an IDH mutation. Ad-
dition of an IDH inhibitor resulted in CR rates of 
66% and a CR rate of only 39% in patients with 
secondary AML. Mutation clearance occurred in 
41% of patients with a CR. There was a signifi-
cant association between low comutation bur-
den with CR/CRh (p = .02) and RTK pathway 
mutations (NRAS, FLT3, KRAS) present in non-
responders (p = .003). Of note, NRAS mutational 
status alone had no association with response to 
ivosidenib, although it was not powered to de-
tect a difference. This differs from the findings 
in the enasidenib trial that found an NRAS mu-
tation was present in 86% of nonresponders (p < 
.001; Amantangelo et al. 2017; Stein et al. 2017). 
The addition of an IDH inhibitor to chemother-
apy was found to be safe with a median time to 
platelet and absolute neutrophil recovery of ap-
proximately 28 days. Adverse effects occurred at 
a higher frequency with induction therapy, and 
common adverse effects seen were febrile neu-
tropenia (approximately 60%), hypophosphate-
mia (approximately 10%), and hypokalemia (ap-
proximately 8%; Stein, et al. 2018). 

DOSING AND ADMINISTRATION
Ivosidenib is available as a 250-mg tablet that can 
be taken with or without food. The recommended 
dosage is 500 mg given orally daily until disease 
progression or unacceptable toxicity. Taking ivo-
sidenib with a high-fat meal can increase the Cmax 
and area under the curve (AUC), and should be 
avoided (Agios Pharmaceuticals, Inc., 2018).

Ivosidenib is hepatically metabolized primarily 
by CYP3A4 with minor metabolism via N-dealkyl-
ation and hydrolytic pathways. Coadministration 
of strong CYP3A4 inhibitors such as posaconazole 
and voriconazole should be avoided; if using these 
agents is unavoidable, the dose of ivosidenib should 
be decreased to 250 mg daily per the package insert 
(Agios Pharmaceuticals, Inc., 2018). A population 
pharmacokinetic evaluation found that the use of 
moderate/strong CYP3A4 inhibitors voriconazole, 
posaconazole, and fluconazole reduced mean 
steady-state apparent clearance and increased the 
ivosidenib plasma concentration-time curve (AUC). 
Despite this increase in AUC, patients remained 
within the 5th to 95th percentile of the observed 
population, indicating that no adjustment in dose is 
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necessary, which conflicts with recommendations 
from the manufacturer (Le et al., 2018). Agents 
prolonging the QT interval should also be avoided. 
The use of ivosidenib in patients with moderate or 
severe hepatic impairment is unknown, but results 
assessing the use in moderate hepatic dysfunction 
are pending (Agios Pharmaceuticals, Inc., 2018; 
ClinicalTrials.gov, 2018). The half-life of ivosidenib 
is 93 hours, with 67% eliminated unchanged in fe-
ces and the remainder in urine (Agios Pharmaceu-
ticals, Inc., 2018).

ADVERSE EVENTS
IDH inhibitors induce the proliferation of dif-
ferentiated leukemic cells, which can lead to dif-
ferentiation syndrome; this is caused by cytokine 
imbalance leading to tissue damage and inflamma-
tion (Fathi et al., 2018). Differentiation syndrome 
is a serious adverse reaction that was identified in 
clinical trials at a rate of 19% in all grades and 13% 

in grades 3 or greater. However, only 3% required 
a dose reduction. Differentiation syndrome is 
commonly associated with other reported adverse 
events such as leukocytosis (38%), edema (32%), 
and dyspnea (33%; DiNardo et al., 2018). 

The FDA performed a review to further evalu-
ate cases of differentiation syndrome with IDH in-
hibitors and found a higher incidence (40%) with 
ivosidenib than what was identified in the phase 
II trial. A large portion of patient cases with dif-
ferentiation syndrome was considered moderate 
(71%), with 12% considered severe. In addition, 
the FDA identified an earlier time to onset of 20 
days and a higher incidence of leukocytosis at pre-
sentation (79%) with ivosidenib treatment (Nor-
sworthy et al., 2018). Patients may present with 
leukocytosis, edema, dyspnea, fever, hypotension, 
and renal failure. Often, the signs and symptoms 
of differentiation syndrome are nonspecific and 
present similarly to other conditions common in 

Table 2. Adverse Events of Ivosidenib (N = 179)

All grades, no. (%) ≥≥ Grade 3, no. (%)

Hematologic event
    Leukocytosis
    Differentiation syndrome

68 (38)
34 (19)

15 (8)
23 (13)

Gastrointestinal
    Diarrhea
    Nausea
    Mucositis
    Constipation
    Vomiting
    Abdominal pain 
    Decreased appetite

60 (34)
56 (31)
51 (28)
35 (20)
31 (18)
29 (16)
33 (18)

4 (2)
1 (1)
6 (3)
1 (1)
2 (1)
2 (1)
3 (2)

General disorders
    Fatigue
    Edema
    Pyrexia
    Chest pain
    Rash

69 (39)
57 (32)
41 (23)
29 (16)
46 (26)

6 (3)
2 (1)
2 (1)
5 (3)
4 (2)

Cardiac 
    QT prolongation
    Hypotension

46 (26)
22 (12)

18 (10)
7 (4)

Electrolyte abnormalities
    Tumor lysis syndrome 14 (8) 11 (6)
Musculoskeletal
    Arthralgia
    Myalgia

64 (36)
33 (18)

8 (4)
1 (1)

Neurologic
    Headache
    Neuropathy

28 (16)
21 (12)

0
2 (1)

Respiratory
    Cough
    Dyspnea
    Pleural effusion

40 (22)
59 (33)
23 (13)

1 (< 1)
16 (9)
5 (3)

Note. Information from DiNardo et al. (2017).
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patients with AML. Appropriate treatment is im-
perative, as this condition can be fatal. 

Patients with suspected differentiation syn-
drome presenting with new onset or worsening 
hallmark symptoms, including fever, rapid weight 
gain, edema, respiratory symptoms with or without 
infiltrates, pleural or pericardial effusions, hypo-
tension, and acute renal failure, should be initiated 
on steroid therapy (Fathi et al., 2018). For the treat-
ment of differentiation syndrome, patients should 
be initiated on dexamethasone at 10 mg twice daily, 
which has been shown to significantly improve 
mortality rates to less than 1% (Fathi et al., 2018; 
Montesinos & Sanz, 2011). In addition, patients may 
receive hydroxyurea at 2 to 3 grams two or three 
times daily for the treatment of leukocytosis (white 
blood cell count > 25,000 cells/mm3 or increase 
in white blood cell count > 15,000 cells/mm3) and 
other supportive care measures when appropriate, 
including dialysis and intubation (Agios Pharma-
ceuticals, Inc., 2018; Fathi et al., 2018). If patients 
continue to have progressing symptoms despite 
appropriate therapy, then interruption of the IDH 
inhibitor is warranted. Alternatively, if patients im-
prove on treatment, then they should be continued 
on dexamethasone until significant improvement 
or resolution of symptoms and be tapered off ste-
roids when indicated (Fathi et al., 2018). 

Other notable adverse effects of ivosidenib in-
clude Giullain-Barré syndrome (1%), QTc prolon-
gation (26%), and tumor lysis syndrome (8%). As 
mentioned above, patients should avoid concomi-
tant QTc-prolonging medications while receiving 
ivosidenib. Management of tumor lysis should 
be based on institutional protocol. Management 
strategies include increasing fluid intake, main-

taining urine output, the initiation of prophylac-
tic allopurinol, and in select cases, initiating ras-
buricase (Cairo, Coiffier, Reiter, & Younces, 2010; 
Coiffier, Altman, Pui, Younges, & Cairo, 2008). 
Adverse reactions are reported in Table 2 (Agios 
Pharmaceuticals, Inc., 2018).

PATIENT MONITORING  
AND COUNSELING 
Monitoring parameters and dose adjustments for 
toxicities are listed in Table 3. Ivosidenib has not 
been shown to cause neutropenia, but several pa-
tients included in the clinical trial were dependent 
on platelet and/or red blood cell transfusions. 
Also, 60% of patients had a decrease in hemo-
globin, with 46% having a decrease of grade 3 or 
greater. Ivosidenib should be interrupted for any 
grade 3 or higher toxicity associated with therapy 
and restarted when toxicity resolves. Any patient 
experiencing a recurrence of a grade 3 or higher 
toxicity should discontinue therapy and should 
not be reinitiated. 

Patients should be counseled on toxicities 
while taking therapy and would likely benefit from 
a journal to record adverse events experienced. 
Patients should be instructed to contact the office 
if they notice any symptoms associated with dif-
ferentiation syndrome, Guillain-Barré syndrome, 
or other serious adverse effects (Agios Pharma-
ceuticals, Inc., 2018).

SUMMARY
Ivosidenib is the first IDH1 inhibitor available for 
the treatment of AML. It provides another therapy 
option for patients with R/R disease and an IDH1 
mutation. The NCCN AML guidelines recommend 

Table 3. Monitoring Parameters and Dose Adjustments for Ivosidenib

Monitoring parameter Dose adjustment

Complete blood counts Prior to initiation then weekly for the 
first month, every other week for second 
month, then monthly for duration of 
therapy

Interrupt treatment if leukocytosis is 
not improved with hydroxyurea. When 
resolved, resume ivosidenib at 500 mg 
once daily. Do not withhold for cytopenias.

Chemistries Same frequency as blood counts Interrupt for any grade 3 or higher toxicity. 
Restart when toxicity resolves.

Creatine phosphokinase Weekly for the first month of treatment Interrupt for any grade 3 or higher toxicity. 
Restart when toxicity resolves.

Electrocardiogram Weekly for the first 3 weeks, then once 
monthly during therapy

Dose interruption when QTc is > 500 msec 
and close monitoring when > 480 msec
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ivosidenib monotherapy for induction therapy in 
older adults with R/R disease who are not candi-
dates for or decline intense therapy (NCCN, 2018). 
Relapsed/refractory AML has a poor prognosis 
and additional therapies improving outcomes are 
needed. Future trials are underway to solidify 
its use in combination with other chemotherapy 
agents in the hopes of improving outcomes for pa-
tients with AML (ClinicalTrials.gov, 2019).  

The advanced practitioner can provide educa-
tion to patients regarding the safety and efficacy 
of this agent through clinical trial data. In addi-
tion, they can provide adequate safety monitoring 
and side-effect management for patients receiv-
ing ivosidenib therapy. Patients should be aware 
of the significant financial burden associated with 
this therapy: it costs approximately $27,000 for a 
60-day supply, and health-care providers should 
assist in identifying resources available to patients 
such as a copay card and patient support program 
assistance offered by the manufacturer. l

Disclosure
The authors have no conflicts of interest to disclose. 
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