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Farnesyltransferase Inhibition in 
Hematologic Malignancies: The Clinical 
Experience With Tipifarnib
Giovanni Martinelli, MD, Ilaria Iacobucci, PhD, Stefania Paolini, MD, and Emanuela Ottaviani

Abstract Increased understanding of the cellular mechanisms associated 

with various malignancies has allowed researchers to develop agents that 

selectively target the cellular proteins and pathways implicated in the 

pathogenesis of malignancy. Tipifarnib is a specific and potent farnesyl-

transferase inhibitor that demonstrates in vivo and in vitro activity against a 

variety of human cancers. Although tipifarnib was initially thought to target 

the Ras protein, recent evidence suggests that the presence of ras mutations 

is not necessary for the antitumor effects of tipifarnib, and that tipifarnib 

may exert its effects downstream of Ras. The oral administration and favor-

able toxicity profile of tipifarnib, combined with its activity in a variety of 

intracellular pathways that have been implicated in the pathogenesis of 

hematologic malignancies, make it an especially attractive agent for use in 

patients with acute myeloid leukemia (AML), myelodysplastic syndromes, 

chronic myelogenous leukemia (CML), and multiple myeloma. Because 

hematologic malignancies are likely driven by multiple genetic aberrations, 

the most effective treatment strategy will likely combine multiple agents 

with complementary mechanisms of action. Thus, additional studies of 

combination regimens that incorporate tipifarnib with other antineoplastic 

agents are crucial. Early results from studies combining tipifarnib with 

imatinib or etoposide in CML and AML have been promising and warrant 

further evaluation in larger clinical trials.

Increased understanding of the cellular mechanisms associated with 
various malignancies has allowed researchers to develop agents that 
selectively target the cellular proteins and pathways that have been 

implicated in the pathogenesis of malignancy. Such compounds may 
prove effective in overcoming or preventing the mechanisms of failure 
observed with standard therapies in some hematopoietic malignancies. 
Indeed, the development of drugs directed against specific targets has 
led to high rates of remission; however, the emergence of resistance has 
also been seen in a subset of patients. Thus, new compounds directed 
toward alternative proteins and pathways involved in tumorigenesis may 

Dr. Martinelli is Associate Professor at 
the Institute of Hematology and Medical 
Oncology at the University of Bologna in 
Italy, where Dr. Iacobucci is a Medical 
Biotechnologist, Dr. Paolini is a Medical 
Doctor, and Ms. Ottaviani is a Biologist.

Address correspondence to:
Giovanni Martinelli, MD
Institute of Hematology and Medical 
Oncology “L. e A. Seràgnoli”
University of Bologna
Via Massarenti 9 – 40138  
Bologna, Italy
Tel: +39/051/6363829-6363680
Fax: +39/051/6364037
E-mail: giovanni.martinelli2@unibo.it
 

Keywords
acute myeloid leukemia; chronic myelogenous 
leukemia; farnesyltransferase inhibitor; hematologic 
malignancy; tipifarnib



304  Clinical Advances in Hematology & Oncology Volume 6, Issue 4  April 2008

 M A R T I N E L L I

overcome resistance and increase response rates. This 
article provides an overview of the development of the 
farnesyltransferase inhibitor (FTI) tipifarnib (Zarnestra, 
Johnson & Johnson) and reviews the clinical experience 
to date with tipifarnib (alone or in combination) in 
hematologic malignancies.

Development of FTIs

When they were first discovered, FTIs were thought  
to target the Ras family of proteins (including K-Ras,  
N-Ras, and H-Ras), which are involved in the key cellular 
functions of proliferation, survival, and differentiation 
(Figure 1).1-6 Ras must be transferred from the cytoplasm 
to anchor on to the inner cell membrane by prenylation 
(or farnesylation), which is mediated by farnesyltrans-
ferase, an enzyme that catalyzes the transfer of a farnesyl 
moiety to the sulfhydryl cysteine of the CAAX motif of 
substrate proteins.2,5 Notably, mutations and abnormal 
ras gene expression (especially those involving N-ras) 
have been detected in 10–15% of patients with myelo-
dysplastic syndromes (MDS) and 15–25% of patients 
with acute myeloid leukemia (AML).7 In addition, ras 
mutations and abnormalities may cause constitutive 
activation of the Ras protein.

The important role of Ras in cellular signal trans-
duction—combined with the high frequency of Ras 
activation in cancer—has made it an attractive target 
for the development of new anticancer agents such as 
FTIs. It should also be noted that although H-, N-, and 
K-Ras proteins are naturally farnesylated, K-Ras and 
possibly N-Ras become geranylgeranylated when human 
cancer cells are treated with FTIs, and the presence of 
this alternative pathway has raised questions about the 

mechanism by which FTIs suppress cancer cell growth.8 
Regardless of the precise mechanism of their antitumor 
activity, FTIs are now known to affect a wide range of 
intracellular signaling proteins and pathways, including 
RhoB, centromere-associated proteins, Pi3K/AKT-medi-
ated growth factor, and adhesion-dependent survival 
pathways (Figure 2).9-13

Tipifarnib is a specific and potent orally available FTI 
that has demonstrated in vivo and in vitro activity against 
a variety of human cancers.14,15 Although initially thought 
to target Ras, recent evidence suggests that the presence of 
ras mutations is not necessary for the antitumor effects of 
tipifarnib; instead, other farnesylated proteins are thought 
to be involved.7,9,16,17 The oral administration and favor-
able toxicity profile of tipifarnib,18 combined with its 
activity in a variety of pathways that have been implicated 
in the pathogenesis of hematologic malignancies, make it 
an attractive agent for use in patients with AML, MDS, 
chronic myelogenous leukemia (CML), and other hema-
tologic malignancies such as multiple myeloma. 

Clinical Experience With Tipifarnib

Of the FTIs currently under investigation, the largest 
body of clinical evidence is available for tipifarnib, pri-
marily in hematologic malignancies (AML, MDS, CML, 
multiple myeloma, and others). Tipifarnib has also been 
evaluated in patients with various solid tumors, but the 
results have generally been less promising than those seen 
in hematologic malignancies.19

Tipifarnib in AML
Two phase I dose-escalation studies of tipifarnib have been 
conducted in patients with AML. In the first of these,20 

Figure 1. The activation of Ras affects 
several cellular signaling pathways that 
control cellular growth, proliferation, and 
differentiation. 

Reprinted with permission from Reuter et al, Blood. 
2000;96:1655-1669.
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tipifarnib was administered orally at doses ranging from 
100 mg twice daily to 1,200 mg twice daily for up to 21 
days in 34 patients with poor-risk acute leukemia. A total 
of 25 patients had AML: 6 were newly diagnosed patients 
with poor-risk characteristics, 9 patients had relapsed 
disease, and 10 patients had disease that was refractory to 
either induction or reinduction therapy.

Dose-limiting toxicities occurred at the 1,200-mg 
twice-daily dose level, and consisted of grade 3 central ner-
vous system toxicities: ataxia, confusion, and dysarthria. 
Overall, the most commonly reported non–dose-limiting 
toxicities (ie, grade 1 or 2) included nausea (n=9), fatigue 
(n=7), renal dysfunction (n=6, including 4 patients who 
received the 900-mg bid tipifarnib dose), and polydipsia 
(n=4). Treatment-induced myelosuppression occurred 
most commonly at the 600- and 900-mg twice-daily dose 
levels, with white blood cell count nadirs occurring at a 
median of 16 days (range, 3–22 days). Thus, the maxi-
mum tolerated dose (MTD) was determined to be 900 
mg twice daily. Because pharmacodynamic studies showed 
that farnesyltransferase activity was consistently inhibited 
at twice-daily doses of 300 and 600 mg, the dose of 600 
mg twice daily was selected for further evaluation. Four 
of the 8 patients with constitutive ERK phosphorylation 
at baseline had undetectable levels of phospho-ERK after 
one cycle of tipifarnib treatment. This finding is note-
worthy because ERK is phosphorylated via the Raf-MEK 
pathway following Ras activation.7 Notably, ras mutations 
were not present in any of the 34 patients evaluated in the 
study, although 10 patients demonstrated complete (n=2) 
or partial (n=8) remissions with tipifarnib treatment, 
providing further evidence that tipifarnib may act upon 
signaling pathways other than the Ras pathway.7

The second dose-escalation study employed a  
1-week-on/1-week-off tipifarnib administration sched-

ule.21 A total of 30 relapsed/refractory AML patients 
received oral tipifarnib at doses ranging from 400 mg twice 
daily to 1,600 mg twice daily using a week-on/week-off 
schedule and 28-day treatment cycles. Grade 3 toxicities 
were observed at the 400- and 1,200-mg twice-daily dose 
levels and included metabolic acidosis and hepatic failure 
in 1 patient with progressive disease and a history of hepa-
totoxicity with chemotherapy, and creatinine elevation in 
1 patient, respectively. The maximum target treatment 
dose (1,600 mg bid) has been attained. Additional patients 
will be accrued at that dose level and the MTD will be 
expanded, suggesting that higher doses of tipifarnib may 
be administered safely using this dosing schedule. Three 
of 9 patients (33%) with relapsed AML who received 
treatment at the 1,000–1,200 mg twice-daily dose level 
achieved complete remission (CR).

Several phase II open-label studies have investigated 
the use of tipifarnib in patients with relapsed/refractory 
or previously untreated AML, as well as for maintenance 
therapy in patients with poor-risk AML in first CR. In the 
first of these studies, Harousseau and colleagues reported 
the efficacy and safety of tipifarnib in 252 patients with 
relapsed (n=135) or refractory (n=117) AML.14 All 
patients received tipifarnib 600 mg twice daily for the first 
21 days of a 28-day cycle. Median treatment duration was 
42 days. CRs were achieved in 11 of 252 patients (4%)—7 
patients with relapsed AML and 4 patients with refrac-
tory disease. Of these 11 patients, 9 had CR, whereas 2 
patients had CR with incomplete platelet recovery (CRp). 
The median time to response was 58 days in patients who 
achieved a CR and 68 days for patients who achieved 
CRp. Median overall survival was 369 days in patients 
with CR or CRp.

Myelosuppression was the major toxicity, and non-
hematologic toxicities were generally mild, with grade 3 

Figure 2. Farnesyltransferase inhibitors 
target multiple cellular signaling 
pathways. 

Reprinted with permission from Harousseau. 
Blood Rev. 2007;21:173-182.  
Copyright Elsevier (2007).
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or 4 adverse events occurring in 25% of patients. Febrile 
neutropenia occurred in 27% of patients, and 12 infec-
tion-related deaths were reported. Thus, the investiga-
tors concluded that tipifarnib was well tolerated, with 
evidence of clinical activity in patients with relapsed or 
refractory AML. 

Another open-label phase II study involved 160 
elderly patients with previously untreated poor-risk AML 
who had either refused or were unable to tolerate con-
ventional chemotherapeutic regimens; 4 patients with 
high-risk MDS and 7 patients with high-risk chronic 
myelomonocytic leukemia (CMML) were also enrolled 
in the study.22 The median patient age was 74 years 
(range, 34–85 years), and the majority of patients (75%) 
had antecedent MDS. Patients received tipifarnib 600 
mg twice daily for 21 days, with a 7- to 21-day recovery 
period between cycles. 

The overall response rate in evaluable AML patients 
(n=158) was 23%, with CR observed in 22 patients (14%) 
and partial remission (PR) or hematologic improvement 
(HI) in 15 patients (9%). The median duration of CR 
was 7.3 months, with a median overall survival of 18 
months. The incidence of grade 3 or 4 nonhematologic 
toxicities (mostly infectious, less frequently gastrointes-
tinal and dermatologic events) was 47%. Grade 3 or 4 
neurotoxicity (primarily confusion or ataxia, frequently 
at the time of major infection, and reversible within 1–3 
days) was observed in 8% of patients. The investigators 
concluded that tipifarnib was active and well tolerated 
in older patients with poor-risk AML, and improved 
survival in those who experienced a clinical response.22

Tipifarnib has also been evaluated as post-con-
solidation (maintenance) therapy in patients with poor- 
risk AML in first CR.23 In an open-label phase II study, 
36 patients received tipifarnib 400 mg twice daily for  
21 days of a 28-day cycle, up to a maximum of 16 
cycles. The overall median treatment duration was 10 or 
more months (range, 3.5–36+ months). Nine patients 
completed all 16 cycles of tipifarnib and had a median 
CR duration of 24 months; notably, 5 of these patients 
remained in continuous CR after a median of 26 or more 
months. Another 8 patients remained in continuous CR 
while still receiving tipifarnib. In 15 patients, disease 
progression occurred while still on therapy at a median 
of 6.5 months. The remaining 4 patients completed 
fewer than 2 cycles of treatment and were excluded from 
the analysis.

Tipifarnib maintenance therapy was generally well 
tolerated. Of the 256 treatment cycles administered, 
hospitalization has only been required during 4 cycles: 
3 for infections and 1 for bowel obstruction. Myelosup-
pression necessitated dose reductions in 17 of 32 patients 
(53%) by the third treatment cycle, and 2 patients needed 

platelet transfusions. Tipifarnib treatment did not appear 
to have a negative effect on the efficacy of reinduction 
chemotherapy, as 6 of 9 patients (67%) achieved a second 
CR. Thus, maintenance therapy with tipifarnib is safe and 
well tolerated, and may prolong disease-free survival in 
some patients with poor-risk AML.23

Taken together, the results of these studies warranted 
further investigation in patients with AML. A large, 
randomized, open-label, phase III study comparing tipi-
farnib to best supportive care (including hydroxyurea) in 
457 elderly (>70 years) patients with AML who were not 
fit for induction chemotherapy has recently reached its 
primary analysis. Although 8% of patients treated with 
tipifarnib achieved a durable CR (with a median duration 
of 8 months), this did not translate into an overall survival 
benefit for the study population. Detailed results of this 
study will be published in the near future. 

Tipifarnib in MDS
Four studies have investigated the safety and efficacy 
of tipifarnib in patients with MDS. In an initial phase 
I dose-escalation study, 21 patients with MDS (median 
age, 66 years) received tipifarnib at a starting dose of  
300 mg twice daily for 21 consecutive days in a 28-day 
cycle.24 Doses were escalated by 100 mg per day in 
each successive 3-patient cohort until grade 3 toxicity 
was observed. At this point, 3 additional patients were 
enrolled at that dose. If no further grade 3 toxicities were 
seen, the dose was escalated to the next level. Because 
dose-limiting toxicity (grade 3 fatigue) occurred at the 
450-mg twice-daily dose, the MTD was determined to 
be 400 mg twice daily. Objective responses were noted 
in 6 of 20 patients (30%) and did not correlate with the 
presence of ras mutations, providing additional evidence 
that tipifarnib acts downstream of Ras.

Another phase I dose-escalation study was conducted 
to evaluate the use of an alternate-week dosing schedule 
(1 week on/1 week off) in 53 patients with MDS, only 4 
of whom had ras mutations.25 Patients received tipifarnib 
100 mg twice daily to start; doses were then escalated 
by 100 mg twice daily until grade 2 toxicity occurred. 
Thereafter, the tipifarnib dose was increased by 100 mg 
per day until the MTD was reached. Dose-limiting toxici-
ties (ataxia and fatigue in 1 patient each) occurred at the 
dose of 1,330 mg per day. Thus, the MTD appeared to 
be 1,200 mg per day. Responses were seen in 15 patients 
(29%), 3 with CRs. Notably, responses were seen even at 
the lowest dose level, and did not correlate with ras muta-
tional status. Myelosuppression was the most common 
toxicity, occurring in 60% of patients, and nonhemato-
logic toxicities included skin rash (15%), diarrhea (13%), 
increases in liver enzymes and bilirubin (13% and 10%, 
respectively), and nausea (8%). 
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Two phase II open-label tipifarnib studies have been 
completed in patients with MDS. In the first of these stud-
ies,26 28 patients received tipifarnib at a dose of 600 mg 
twice daily for 28 days in a 6-week cycle, a dose analogous 
to the results of the phase I study in advanced leukemia.20 
Treatment with the 600-mg twice-daily dose resulted in a 
high incidence of toxicities, including myelosuppression, 
fatigue, neurotoxicity, rash, and leg pain, and warranted 
treatment discontinuation in 41% of the 27 evaluable 
patients. A total of 3 patients had objective responses, 
including 2 patients with CRs. As seen in the earlier stud-
ies in AML and MDS, response was independent of ras 
mutational status.

In an attempt to improve the tolerability of tipifarnib 
in MDS patients, another open-label, international phase 
II study was conducted using a lower dose of tipifarnib 
in 82 patients with high-risk MDS.27 Patients received 
tipifarnib 300 mg twice daily for 21 consecutive days 
every 28 days. This lower dose was associated with greater 
tolerability; myelosuppression was the most common 
treatment-related adverse event, with grade 3 or 4 neu-
tropenia occurring in 18% of patients and grade 3 or 4 
thrombocytopenia occurring in 32% of patients. Further-
more, grade 3 nonhematologic treatment-related toxici-
ties—there were no grade 4 nonhematologic toxicities—
were uncommon: rash (4%) and fatigue (2%). Twenty-six 
patients (32%) demonstrated responses (assessed using 
International Working Group 2006 criteria: 12 CR 
[15%] and 14 HI [17%]). Median duration of CR was 
11.5 months, with 7 of 12 patients alive after at least  
3 years. Of 14 patients achieving HI, 12 were monolineage 
(1E, 4N, 7P), 1 was bilineage (EN), and 1 was trilineage. 
In addition, 45% of patients demonstrated stable disease 
for at least 2 months (>1 year in 8 patients). 

Tipifarnib in CML
Although the tyrosine kinase inhibitor imatinib (Gleevec, 
Novartis) is the standard of care for patients with CML, 
additional therapies are needed for patients who relapse 
or are refractory to imatinib. Although the mechanism 
of primary resistance to imatinib is not well under-
stood, there is a substantial body of evidence regarding 
secondary (or acquired) resistance. The most common 
mechanism of acquired imatinib resistance involves 
kinase domain mutations in BCR-ABL, which occur  
in 50–90% of resistant CML cases; notably, more than  
40 different mutations have been implicated in the 
development of resistance.28 Alternatively, approximately 
10% of resistant CML cases are associated with over-
production of BCR-ABL.28 In both instances, increasing 
the level of kinase inhibition is thought to overcome 
resistance, either by increasing the dose of imatinib or 
by adding other agents.

In vitro studies have shown that FTIs can inhibit 
proliferation or induce apoptosis in imatinib-resistant 
tumor cell lines.29,30 Based on these findings, tipifarnib 
was evaluated as monotherapy in 22 patients with CML, 
17 (77%) with imatinib-resistant disease.31 Patients 
received tipifarnib 600 mg twice daily for 4 consecu-
tive weeks every 6 weeks. Transient CR or PR was seen 
in 7 patients, with a median response duration of 9 
weeks. Responses appeared to be related to a decrease 
in vascular endothelial growth factor levels seen during 
treatment. Tipifarnib has also been studied in combina-
tion with imatinib in this patient population, and the 
results of these studies will be discussed in the section on 
combination tipifarnib regimens. 

Tipifarnib in Multiple Myeloma and Myelofibrosis 
With Myeloid Metaplasia
Preclinical studies indicate that tipifarnib may be active in 
patients with multiple myeloma and myelofibrosis with 
myeloid metaplasia (MMM).32-34 Based on these findings, 
clinical studies have been conducted to investigate the use 
of tipifarnib in patients with each of these conditions. 

The clinical experience with tipifarnib for the treat-
ment of patients with multiple myeloma encompasses 
a single published phase II study in 43 patients with 
advanced disease.35 When given orally at a dose of 300 mg 
twice daily for 21 of every 28 days, tipifarnib was associ-
ated with disease stabilization in 64% of patients. Interest-
ingly, this clinical finding did not correlate with HDJ-2 
farnesylation or the presence of ras mutations. Fatigue and 
anemia were the most common grade 3 or 4 toxicities, 
each occurring in 12.5% of patients, whereas less com-
mon grade 3 or 4 toxicities included diarrhea (8%), nausea 
(4%), neuropathy (8%), and thrombocytopenia (8%).

Results of a phase II study involving 34 patients with 
histologically confirmed MMM demonstrated that oral 
tipifarnib, given at a dose of 300 mg twice daily for 21 of 
every 28 days, produced clinically relevant improvements 
in 11 (33%) patients.36 At study entry, all patients had 
symptoms of anemia (ie, hemoglobin <10 g/dL) or pal-
pable hepatosplenomegaly. Following treatment, spleno-
megaly improved in 3 patients, hepatomegaly improved 
in 5 patients, and both splenomegaly and hepatomegaly 
were improved in an additional 3 patients. Across all 
patients with reductions in splenomegaly, a median peak 
reduction of 42.5% was seen in the palpable component 
(range, 8–100%), whereas all patients with baseline hepa-
tomegaly had resolution of this problem at some point 
during therapy. Little improvement was seen in anemia; 
however, it should be noted that the myelosuppressive 
effects of tipifarnib may have masked any improvement 
that occurred. The promising early results seen in multiple 
myeloma and MMM warrant further investigation. 
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Tipifarnib in Non-Hodgkin Lymphoma
Patients with aggressive non-Hodgkin lymphoma (NHL) 
who relapse after conventional chemotherapy or stem cell 
transplantation have a poor prognosis, underscoring the 
urgent need for newer and more effective treatments in 
this patient population. Thus, the activity of tipifarnib 
was evaluated in a phase II study involving patients with 
relapsed aggressive NHL who received tipifarnib 300 mg 
twice daily for 21 of every 28 days.37 Response data from a 
total of 42 patients with relapsed diffuse large-cell (n=37), 
follicular grade III (n=1), or mantle-cell (n=4) lymphoma 
showed that tipifarnib induced a PR in 7 of 38 evaluable 
patients (18%), and disease stabilization in an additional 
8 patients (21%). All 7 patients with a response had dif-
fuse large-cell histology. Overall median progression-free 
survival was 2 months (range, 0–25+ months), whereas 
progression-free survival ranged from 4.2 to 25+ months 
in responding patients. The primary toxicity was myelo-
suppression, and dose reductions were required in 33% 
of patients. Based on these results, the investigators con-
cluded that tipifarnib had single-agent antitumor activity 
and an excellent safety profile, warranting further inves-
tigation in combination with conventional chemotherapy 
and other novel agents within this patient population.

Combination Tipifarnib Regimens
Based on preclinical study results showing that FTIs can 
inhibit proliferation or induce apoptosis in imatinib-resis-
tant cell lines and may be synergistic in combination with 
imatinib,29,30 the combination of tipifarnib and imatinib 
was evaluated in two studies of patients with CML.38,39 
In the initial dose-finding study, 23 patients with chronic 
phase CML were treated with escalating doses of tipi-
farnib plus imatinib, starting with tipifarnib 300 mg twice 
daily for 14 of every 21 days plus imatinib 300 mg daily, 
increasing to as high as tipifarnib 500 mg twice daily plus 
imatinib 400 mg daily. 

Because dose-limiting toxicities (grade 3 fatigue and 
esophagitis) were observed at the highest dose level, the 
MTD was tipifarnib 400 mg twice daily plus imatinib 
400 mg daily. Myelosuppression was the major dose-
limiting toxicity, affecting a total of 6 patients (including  
2 patients at the MTD level). Notably, a total of 7 of 11 
evaluable patients (64%) achieved a hematologic response 
during treatment.38

Combined tipifarnib and imatinib treatment has 
also been investigated in patients with advanced CML 
resistant to imatinib monotherapy.39 A total of 12 patients 
were enrolled in the study, 11 patients in the acceler-
ated phase and 1 in the blast phase. Patients received 1 
of 2 dosing regimens: tipifarnib 200 mg twice daily plus 
imatinib 600 mg/day (n=7) or tipifarnib 300 mg twice 
daily plus imatinib 400 mg/day. Treatment was adminis-

tered in three cycles, with tipifarnib given on days 1–14 
and imatinib given on days 1–21.

Dose-limiting toxicities included grade 3 rash and 
grade 3 hypokalemia in 2 patients treated at the first 
dose level and grade 3 syncope in 1 patient at the second 
dose level. Aside from these toxicities, the combination 
regimen was well tolerated, with grade 1 or 2 anemia and 
grade 1 or 2 gastrointestinal symptoms the most com-
mon hematologic and nonhematologic adverse events, 
respectively. Three of the 6 patients evaluable for response 
demonstrated complete hematologic responses (an ongo-
ing response after 7 cycles in 1 patient in blast crisis, and 
ongoing responses after 9 and 16 cycles of treatment in 
2 patients with accelerated phase CML). No cytogenetic 
responses were observed, and the study is continuing with 
the evaluation of additional dose-escalation cohorts.39

The use of tipifarnib combination regimens has 
also been investigated in patients with AML/MDS. The 
first of these studies was a phase I study of tipifarnib 
plus etoposide in elderly patients with poor-risk AML 
who were not candidates for traditional chemotherapy 
regimens (N=60). Tipifarnib was administered at doses 
of 300, 400, or 600 mg twice daily for 14 or 21 days 
plus etoposide 100, 150, or 200 mg daily on days 1–3 
and days 8–10, given in 28- to 63-day cycles.40 A total of 
35 enrolled patients (58%) had secondary AML, and 31 
patients (52%) had adverse cytogenetics.

Toxicities were observed across all dose levels. Non-
hematologic toxicities included oropharyngeal mucositis 
(grade ≥2 in 15% of patients), neurotoxicity (30% over-
all, grade ≥2 in 20% of patients), renal impairment (6%), 
hyperbilirubinemia (6%), rash (20%), and fatigue (20%). 
Twelve of 56 evaluable patients (21%) achieved CR, with a 
median duration of 7+ months. An additional 11 patients 
(20%) achieved PR or hematologic improvement. Based 
on these results, it may be concluded that this oral regi-
men is feasible on an outpatient basis for elderly patients 
with newly diagnosed AML who are not candidates for 
traditional cytotoxic chemotherapy.

Tipifarnib was also evaluated in combination with 
standard idarubicin and cytarabine therapy in a phase I/II 
study in 74 patients with newly diagnosed AML or high-
risk MDS.41 Patients received induction therapy with 
idarubicin IV 12 mg/m2 per day on days 1–3, cytarabine 
1.5 g/m2 over 24 hours on days 1–4 (days 1–3 only if age 
60 years or older), and tipifarnib 200 to 300 mg twice 
daily for 21 consecutive days every 28-day cycle. Patients 
who achieved CR then received 5 courses of consolidation 
therapy with idarubicin IV 8 mg/m2 per day on days 1–3, 
cytarabine 0.75 g/m2 over 24 hours on days 1–4 (days 1–3 
only if age 60 years or older), and tipifarnib 300 mg twice 
daily for 14 consecutive days every 4–6 weeks. Mainte-
nance therapy consisted of tipifarnib 300 mg twice daily 
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for 21 consecutive days every 4–6 weeks for an additional 
6 months.

CR was achieved in 48 patients (65%), and 9 addi-
tional patients (12%) achieved CRp. After a median  
22 weeks of follow-up, 34 patients remained on study, 
9 patients relapsed, and 2 patients died of causes unre-
lated to treatment while in CR. The most common grade 
3 adverse events were transient diarrhea in 31 patients 
(42%) and hyperbilirubinemia in 10 patients (14%). 
The investigators concluded that this combination of 
idarubicin, cytarabine, and tipifarnib resulted in a high 
rate of CR in patients with AML, but with an increased 
incidence of diarrhea and hyperbilirubinemia.41

Most recently, tipifarnib in combination with low-
dose cytarabine (LDAC) has been evaluated in a phase 
I study of 57 patients with high-risk MDS or AML.42 
Patients with MDS (IPSS Int 1 or high) or untreated 
or relapsed/refractory AML received escalating doses  
of tipifarnib orally twice daily for 21 of every 28 days 
and LDAC subcutaneously twice daily for 10 of every  
28 days. Interim results demonstrated a MTD of tipi-
farnib 300 mg orally twice daily every 21 days and 
LDAC 15 mg subcutaneously twice daily every 10 days 
of a 2-day cycle.

Predictors of Response to Tipifarnib

In an attempt to identify factors predictive of a response 
to tipifarnib treatment, Raponi and colleagues examined 
gene expression in patients from an open-label phase 
II study in relapsed (n=135) and refractory (n=117) 
AML.14,43,44 Nineteen top genes were identified that 
predicted response to tipifarnib. Of these, the AKAP13 
gene was the most robust for the identification of nonre-
sponders to tipifarnib.43 The predictive value of AKAP13 
provided a sensitivity of 93% in identifying responders 
and a specificity of 61%, resulting in an overall diagnostic 
accuracy of 69%. Clinically, tipifarnib responders dem-
onstrated low levels of AKAP13 and IL3RA, whereas non-
responders demonstrated the opposite gene expression 
profile. Furthermore, a three-gene sequence was found to 
correlate with survival, and responders with this genetic 
sequence had significantly improved survival compared 
with nonresponders (P=.017). 

To date, efforts to correlate ras mutational status 
with treatment response have proven unsuccessful. As 
noted previously, early studies in adults with leukemia 
and MDS showed no correlation between the presence 
of ras mutations and the response to tipifarnib.7,24,25 These 
results are supported by the results of a study conducted 
by Goemans and colleagues in pediatric AML showing no 
difference in tipifarnib sensitivity between patients with 
or without ras mutations.45 Thus, it appears that tipifarnib 

may exert its effects on other farnesylated proteins down-
stream of Ras.

Summary and Conclusions

Based on the clinical experience to date, tipifarnib may 
be a promising agent for the treatment of hematologic 
malignancies. However, the precise mechanism of action 
of FTIs requires further investigation. It appears that 
their antitumor effects are independent of ras mutational 
status, suggesting possible effects on downstream cellular 
pathways. Because hematologic malignancies are likely 
driven by multiple genetic aberrations, the most effec-
tive treatment strategy will probably combine multiple 
agents with complementary mechanisms of action. Thus, 
additional studies of combination regimens that incorpo-
rate tipifarnib with other agents used in the treatment of 
hematologic malignancies are crucial. Early results from 
studies combining tipifarnib with imatinib or etoposide 
have been promising, and warrant further evaluation in 
larger clinical trials.
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