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Abbreviation Definition 
Abl  Abelson kinase 
AE   adverse event 
ALL   acute lymphoblastic leukemia 
ALT   alanine aminotransferase 
ANC   absolute neutrophil count 
AP   accelerated phase 
ASCO  American Society of Clinical Oncology 
AST   aspartate aminotransferase 
AUC   total area under the concentration-time curve 
Bcr   breakpoint cluster region 
Bcr-Abl  protein resulting from the transcription of the Philadelphia chromosome 

following 9:22 chromosomal translocation 
BCR-ABL  fusion gene transcript for Bcr-Abl protein 
BP   blast phase 
CBC   complete blood count 
CCyR   complete cytogenetic response 
CHF   congestive heart failure 
CHR   complete hematologic response 
CI   confidence interval 
CK   creatine kinase 
Cmax  peak concentration 
CML   chronic myelogenous leukemia 
CMR   complete molecular response 
CNS   central nervous system 
CP   chronic phase 
CRF   case report form 
Crkl   Crk-like protein 
CSR   clinical study report 
CYP   cytochrome P450 
DLT   dose-limiting toxicity 
ECG   electrocardiogram 
ECHO  echocardiogram 
ECOG  Eastern Cooperative Oncology Group 
EMA   European Medicines Agency 
FACS   fluorescence activated cell scanning 
FACT-Leu  Functional Assessment of Cancer Therapy-Leukemia 
FDA   Food and Drug Administration 
FISH   Fluorescence in situ hybridization 
GVHD  graft versus host disease 
HIV   human immunodeficiency virus 
HLA   human leukocyte antigen 
HRQOL  Health-related Quality-of-life 
ICF   informed consent form 
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ICH  International Conference on Harmonization 
IEC   Independent Ethics Committee 
INR   International Normalized Ratio 
IRB   Institutional Review Board 
LDH   lactate dehydrogenase 
LLN   lower limit of normal 
LVEF   left ventricular ejection fraction 
MCyR  major cytogenetic response 
MedDRA Medical Dictionary for Regulatory Activities 
MHR   major hematologic response 
MI   myocardial infarction 
MiHR   minor hematologic response 
MMR   major molecular response 
MTD  maximum tolerated dose 
MUGA  multiple gated acquisition scan 
NCI CTCAE  National Cancer Institute Common Terminology Criteria for Adverse Events 
NEL   no evidence of leukemia 
OHR   overall hematologic response 
OS   overall survival 
PCR   polymerase chain reaction 
p-CrkL  phospho-CrkL 
PCyR   partial cytogenetic response 
PD   progressive disease 
PDGFR  platelet-derived growth factor receptor 
PFS   progression free survival 
Ph+   Philadelphia chromosome-positive 
PK   pharmacokinetics 
PS  performance status 
QTc   corrected QT interval 
QTcF   QT interval corrected using the Fredericia formula 
RCP  return to chronic phase 
RT-PCR  reverse transcriptase polymerase chain reaction 
SAE   serious adverse event 
SAP   statistical analysis plan 
SOC   system organ class 
SRC   proto-oncogene tyrosine-protein kinase 
t½   terminal-phase elimination half-life  
TEAE   treatment-emergent adverse event 
TKI   tyrosine kinase inhibitor 
tmax   time of peak concentration 
ULN   upper limit of normal 
WHO  World Health Organization 
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1   Recommendations/Risk Benefit Assessment 
 

1.1 Recommendation on Regulatory Action 

This reviewer recommends regular approval of Bosulif (bosutinib) for the treatment of chronic, 
accelerated, or blast phase Philadelphia chromosome positive (Ph+) chronic myelogenous 
leukemia (CML) in adult patients with resistance to, or intolerance of prior therapy.  The 
Applicant has provided clinical evidence of activity for bosutinib in patients with CML in second 
and later lines of treatment and an acceptable risk profile.  The pivotal trial was a Phase 2, 
single arm trial which required all subjects to have previously been treated with imatinib.  The 
trial enrolled 288 patients with Chronic Phase (CP) CML in second line treatment with 
bosutinib.  Of the 288 patients, 200 were resistant to imatinib, and 88 were intolerant of 
imatinib.  The primary endpoint of the trial was major cytogenetic response (MCyR) at 24 
weeks in patients with CP CML who were resistant to imatinib.  The trial also enrolled patients 
with CP CML who had been exposed to more than one tyrosine kinase inhibitor (TKI) and 
patients in advanced phases of CML which includes accelerated phase (AP) and blast phase 
(BP) and enrolled a small cohort of patients with Ph+ acute lymphoblastic leukemia (ALL).  Key 
secondary endpoints were MCyR at 24 weeks in patients with CP CML who were intolerant of 
imatinib in second line treatment with bosutinib; MCyR by 24 weeks in patients with third line 
CP CML, and objective hematologic response (OHR) by 48 weeks in patients with AP CML, 
BP CML and Ph+ ALL. 
 
The MCyR rate for patients with CP CML who were imatinib resistant and were in second line 
treatment with bosutinib at 24 weeks was 35.5% (95% CI: 29, 42). The Kaplan-Meier estimate 
of maintaining MCyR at Year 1 and Year 2 was 68.4% (95% CI: 58, 77) for both years in the 
imatinib-resistant cohort.  
  
The MCyR rate for patients with CP CML who were imatinib intolerant and were in second line 
treatment with bosutiniib at 24 weeks was 30% (95% CI: 20, 40).  The Kaplan-Meier estimate 
of maintaining MCyR at Year 1 and Year 2 was 88% (95% CI: 71, 95) for both years in the 
imatinib-intolerant cohort.   
 
The MCyR rate for patients with CP CML who were in third line treatment with bosutinib 
following prior treatment with imatinib and dasatinib or imatinib and nilotinib by week 24 was 
27% (95% CI: 19, 36).  The Kaplan-Meier estimate of maintaining MCyR was 63.9% (95% CI: 
[44, 78) at Year 1 and 59% (95% CI: 39, 75) at Year 2.  
 
The confirmed OHR rate by week 48 in patients with AP CML and prior therapy with more than 
one TKI (AP multi TKI) was 43% (95%CI: 26, 63) with a median duration of 42 weeks.  
Confirmed CHR rate in the same cohort was 27% (95% CI: 11, 42) with a median duration of 
74 weeks.   The confirmed OHR rate by week 48 in patients with AP CML and prior imatinib 
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only was 64% (95% CI: 47, 79) with a median duration of 53 weeks. The confirmed CHR rate 
by week 48 in the same cohort was 41% (95% CI: 26, 56) with a median duration of 69 weeks. 
 
The confirmed OHR rate by week 48 in patients with BP CML and prior therapy with more than 
one TKI (BP multi TKI) was 19% (95% CI: 6, 38) with a median duration of 31 weeks.  
Confirmed CHR in the same cohort was 4% (95% CI: 0, 20) with a duration of 28 weeks.  The 
confirmed OHR rate by week 48 in patients with BP CML and prior imatinib only was 36% 
(95%  CI: 20, 55) with a median duration of 29 weeks.  Confirmed CHR rate in the same cohort 
was 24% (95% CI: 10, 39) with a median duration of 26 weeks. 
 
Only 2 of 24 patients with Ph+ ALL responded, and the Applicant discontinued enrollment of 
this cohort after the first interim analysis.  Because the population of patients with Ph+ ALL 
was small in this trial, and because there were few responders in this cohort, the Sponsor did 
not seek an indication and the results will not be reflected in labeling.  
 

1.2 Risk Benefit Assessment 

This risk benefit assessment of bosutinib considers the following factors:  patients with chronic 
myeloid leukemia (CML) who are refractory to or intolerant of approved TKIs have a poor 
prognosis and limited treatment options; the usual course of CML is response to initial therapy 
followed by eventual relapse and retreatment with another TKI and eventual progression of 
disease and death;  the only curative treatment is stem cell transplant (SCT), but not all 
patients have donors and many have comorbidities that preclude SCT; the clinical activity of 
bosutinib must be weighed against the toxicities of therapy; and the limitations of a single arm 
trial must be considered. 
 
The Applicant has demonstrated clinical activity of bosutinib in the treatment of patients with 
relapsed and refractory chronic, accelerated and blast phases of chronic myeloid leukemia 
(CML).  Responses in patients in all phases of CML were durable, and as expected, patients in 
chronic phase CML had higher response rates and more durable responses than patients in 
accelerated and blast phases.  Also as expected, patients in second line treatment with 
bosutinib had better response rates than those in third line treatment.  However the trial data is 
not yet mature; and median duration of response in most cohorts had not been reached. 
 
The toxicity profile of bosutinib is similar to the other approved tyrosine kinase inhibitors with a 
few exceptions.  More than eighty per cent of patients treated with bosutinib experienced 
diarrhea, but this toxicity was manageable, was usually low grade, and did not account for 
many discontinuations.  The incidence of diarrhea with bosutinib was worse than what has 
been seen in trials of other TKIs in patients with CML.   
 
Prolongation of the QT interval has been observed in patients treated with nilotinib, but this 
toxicity was not observed with patients taking bosutiniib.  In addition, a thorough QT study was 
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conducted by the Applicant and reviewed by the Independent Review Team of the Office of 
New Drugs.  
 
Myelosuppresion was expected and manifested as thrombocytopenia, neutropenia, anemia, 
and neutropenia in rates similar to what were observed in the pivotal trials for the other TKIs.  
Fluid retention was expected by the Applicant to be less frequent than with the previously 
approved TKIs, because bosutinib did not inhibit the PDGF receptor in preclinical studies.  
Fluid retention did manifest in patients treated with bosutinib.  Events of peripheral edema and 
pleural and pericardial effusions were reported.  However, an additional serious toxicity, 
congestive heart failure, was not reported with bosutinib. 
 
Hepatotoxicity has been observed with imatinib, dasatinib and nilotinib, and all three agents 
have Warnings and Precautions for hepatotoxicity in their labels.  Bosutinib also causes 
elevations of liver enzymes, but there have been no cases of drug induced liver injury in the 
CML trials.  However, there was one patient with drug induced liver injury enrolled in Trial 
2207-WW, a trial that enrolled patients with metastatic breast cancer who received a 
combination of bosutinib and letrozole. The hepatotoxicity started within the first week of 
treatment and resolved after discontinuation of bosutinib. 
 
Tumor lysis syndrome has occurred in patients taking nilotinib, but has not been observed with 
bosutinib.  Hemorrhage has occurred in patients taking imatinib and dasatinib and to a lesser 
degree in patients taking bosutinib.   Because the pivotal trial is a single arm trial with a small 
number of subjects (570), the safety profile of bosutinib is limited.  The Applicant submitted the 
safety database from a failed Phase 3 trial (Trial 3000-WW) as supportive evidence.  The trial 
was a randomized, controlled trial which compared 248 patients randomized to receive 
bosutinib with 251 patients randomized to receive imatinib as first line treatment for CML.  The 
safety profile in the Phase 3 trial was similar to that of the Phase 2 trial. 
 
In addition, the Applicant submitted data from a Phase 2 trial in Japan in 52 patients with CML 
(Trial 2203-JA).  The total safety database for patients with CML receiving treatment with 
bosutinib is comprised of 870 patients.  The safety profile in the Japanese trial was similar to 
that of the pivotal trial. 
 
In summary, bosutinib offers another treatment option for patients with CML who have limited 
options,  and has an acceptable safety profile.  Bosutinib has demonstrated activity in patients 
with CP, AP and BP CML that is resistant to or intolerant of previous TKI therapy.  

1.3 Recommendations for Postmarket Risk Evaluation and Mitigation Strategies 

There are no recommended postmarket risk evaluation and mitigation strategies for bosutinib. 
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1.4 Recommendations for Postmarket Requirements and Commitments 

This reviewer recommends that the Applicant have postmarket requirements to continue long 
term follow up of patients enrolled in clinical trials 200 and 3000 for a minimum of eight years 
and to submit the final completed study reports to the NDA.  

2 Introduction and Regulatory Background 

2.1    Product Information   

Bosutinib monohydrate is a new molecular entity with the chemical name 3-Quinoline-
carbonitrile, 4-[(2,4-dichloro-5-methoxyphenyl)amino]-6-methoxy-7-[3-(4-methyl-1-piperazinyl) 
propoxy]-, hydrate (1:1).  See Figure 1.  Bosutinib is manufactured into 100 mg and 500 mg 
tablets. The 100 mg tablets are yellow, oval-shaped, immediate release film coated tablets with 
appropriate debossing;  Bosutinib film coated tablets, 500 mg are red, oval-shaped, immediate 
release film coated tablets with appropriate debossing.   
     
     
Figure 1   Chemical structure of bosutinib monohydrate (Applicant Figure) 

           
 
The drug product composition is presented in Table 1. 
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September 28, 2010--Teleconference with sponsor to discuss results from Phase 3 trial; trial 
failed its primary endpoint (superiority design, CCR rate at one year), and the Agency informed 
the sponsor that secondary endpoints would not be considered as primary endpoint was not 
met. In discussion about the Phase 1/2 single-arm Trial 200, the Agency indicated that 24-
month follow-up data may be sufficient for full approval in the second line setting since this was 
the requirement for both dasatinib and nilotinib to convert from accelerated to regular approval. 
 
May 30, 2011—Submission of interim report of failed Phase 3 randomized, controlled trial 
which compared bosutinib to imatinib in the treatment of patients newly diagnosed with CML.  
The primary efficacy endpoint was complete cytogenetic response (CCyR) by one year after 
starting treatment; there was no significant difference between the two arms.  This Phase 3 
trial will be discussed in the safety section of this review. 
 
June 30, 2011—Pre-NDA meeting to discuss Wyeth’s updated proposal for NDA submission 
given the failure of the Applicant’s Phase3, randomized trial to meet its primary endpoint in 
patients with newly diagnosed CML.  The proposed indication is for treatment of patients with 
CP, AP or BP CML who are resistant to or intolerant of prior therapy based on a single-arm 
trial.  The meeting discussion included the expectation that Wyeth would submit a complete 
study report and all data sets for trial 3000 with the NDA> 

2.6 Other Relevant Background Information 

CML is a myeloproliferative disorder that presents in three phases: chronic phase (CP), 
accelerated phase (AP) and blast phase (BP).  Since the advent of the first tyrosine kinase 
inhibitor, imatinib, the 8 year overall survival rate in patients in chronic phase, has increased 
from 6% (1975) to 86% (after 2001).  Progression to AP signals a more aggressive course, 
and progression to blast phase translates to a median survival of less than one year. 
An estimated 5430 patients will be diagnosed with CML in the United States in 2012.* 
Approximately 95% of patients with CML harbor the characteristic cytogenetic 
abnormality of chromosome 22, known as the Philadelphia chromosome.  It results from a 
reciprocal translocation of chromosomes 9 and 22, a process that produces the Bcr-abl fusion 
gene. The Bcr-abl fusion gene codes for the constitutively active tyrosine kinase Bcr-abl 
oncoprotein, which is linked to both the oncogenesis and maintenance of CML.  This same 
Bcr-abl fusion gene exists in a small subset of patients with acute lymphoblastic leukemia 
(ALL). 

                                            
* SEER Cancer Statistics, based on November 2011 SEER data and posted to SEER website, 2012 
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3 Ethics and Good Clinical Practices 

3.1 Submission Quality and Integrity 

The submission was entirely electronic.  The original submission used the same titles for three 
sets of datasets obtained at different time points which presented potential  review issues.  
However, the Applicant responded promptly to requests by the Division of Hematology 
Products for a clearer presentation of the data, and the resulting format was easier to review. 

3.2 Compliance with Good Clinical Practices 

The protocol, the investigator’s brochure, and the informed consent form (ICF) for the 
pivotal clinical trial were submitted to an institutional review board (IRB) or an independent 
ethics committee (IEC) for review and written approval.  Subsequent amendments to the 
protocol and revisions to the ICF were submitted for IRB or IEC review and written approval. 
The trial was conducted in accordance with the International Conference on Harmonization 
(ICH) Guideline for Good Clinical Practice (GCP) and the ethical principles that have their 
origins in the Declaration of Helsinki. All investigators provided written commitments to comply 
with GCP standards and the protocol.  Written informed consent was obtained from all subjects 
before their enrollment.  The identity of the subjects remained confidential. 
 
Protocol Violations 
There were major protocol violations in 11 (4%) of the CP CMP second-line population of 
patients.  Ten of these were inclusion criteria violations and one was an exclusion criterion 
violation.  None of these violations seemed to have compromised patient safety during the trial 
nor inflated efficacy parameters during analysis of the trial. 
 
There were major protocol violations in 5 (4%) of the CP CMP third-line population of patients.  
Two of these were inclusion criteria violations, two were exclusion criteria violations and one 
was a prohibited medication during bosutinib treatment violation.  None of these violations 
seemed to have compromised patient safety during the trial nor inflated efficacy parameters 
during analysis of the trial. 
There were major protocol violations in 14 (8%) of the AP CML population of patients.  Seven 
of these were inclusion criteria violations, two were exclusion criteria violations and five were 
prohibited medications during bosutinib treatment violations.  None of these violations appear 
to have compromised patient safety during the trial nor inflated efficacy parameters during 
analysis of the trial.  See Table 3. 
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Table 4   Division of Scientific Integrity Findings Regarding Data Integrity 

Name of CI 
City, State 

Protocol/Study Site Insp. Date Final 
Classification* 

Jorge Cortes, 
M.D. 
Houston, TX 

3160A4-200-WW 
Site #001 

May 9 to 18, 2012 Preliminary: 
NAI 

Hanna Khoury, 
M.D. 
Atlanta, GA 

3160A4-200-WW 
Site #017 

March 22 to April 2, 
2012 

VAI—No 
Response 
Requested 

Wyeth 
Pharmaceuticals, 
Inc. 
Groton, CT 

Sponsor 
Sites #001 and #017 

April 24 to 30, 2012 Preliminary: 
NAI 

 
*Key to Classifications 
NAI = No deviation from regulations. Data acceptable. 
VAI-No Response Requested = Deviations(s) from regulations. Data acceptable. 
VAI-Response Requested = Deviation(s) from regulations. See specific comments below for data  acceptability 
OAI = Significant deviations from regulations. Data unreliable/Critical findings may affect data integrity. Preliminary= 
The Establishment Inspection Report (EIR) has not been received and findings are based on 
preliminary communication with the field. 

 
Reviewer Comment:  The nature of the deficiencies was deemed unlikely to significantly 
impact data reliability.  The trial appeared to have been conducted adequately, and the data 
generated may be used in support of the indication. 

3.3    Financial Disclosures 

During this reviewer’s early analysis of the financial disclosures prior to the filing meeting, the 
following statements were accurate: 
• The Applicant submitted financial disclosure information from 99.4% of principal 

investigators and sub-investigators on Trial 200 and 100% of principal and sub-
investigators on Trial 3000.   

• Disclosable financial interests were recorded by 2 out of 501 (<1%) investigators in Trial 
200, and 3 out of 764 investigators in Trial 3000.  

 
The Applicant submitted updated financial disclosure information on April 17, 2012. 
• Table 5 summarizes the investigators with disclosable financial interests in the bosutinib 

development program.  
 
 
 
 
 

Reference ID: 3162984





Clinical Review 
Karen M. McGinn, M.S.N., C.R.N.P. 
NDA 203341 
Bosulif (bosutinib) 
 

22 

Bosutinib was not mutagenic or clastogenic in a battery of tests, including the bacteria reverse 
mutation assay (Ames Test), the in vitro test using human peripheral blood lymphocytes and 
the micronucleus test in orally treated male mice. 

In a rat fertility study, drug-treated males were mated with untreated females, or untreated 
males were mated with drug-treated females.  The dose of 70 mg/kg/day of bosutinib resulted 
in reduced fertility in males as demonstrated by 16% reduction in the number of pregnancies. 
There were no lesions in the male reproductive organs at this dose. This dose of 70 mg/kg/day 
resulted in exposure (total AUC) in male rats approximately equal to that in humans at the 500 
mg dose of bosutinib,  Fertility (number of pregnancies) was not affected when female rats 
were treated with bosutinib.  However, there were increased embryonic resorptions at ≥10 
mg/kg/day of bosutinib (40% of the human exposure), and decreased implantations and 
reduced number of viable embryos at 30 mg/kg/day of bosutinib (1.4 times the human 
exposure).   
 
For a detailed presentation see the review of Shwu Luan Lee, Ph.D. 

4.4  Clinical Pharmacology 

4.4.1 Mechanism of Action 

Bosutinib belongs to a pharmacologic class of drugs called TKIs.  It inhibits the abnormal Bcr-
Abl kinase that promotes CML as well as the Src-family of kinases including Src, Lyn and Hck.  
Bosutinib causes minimal inhibition of PDGF receptor and c-Kit.  
 
Please see the review of bosutinib by Elimika Pfuma, Pharm.D., Ph.D. for a detailed 
presentation of mechanism of action. 

4.4.2    Pharmacodynamics 

PK and pharmacodynamic studies were performed in which flow cytometry was used to 
monitor inhibition of Bcr-Abl tyrosine kinase activity in the peripheral blood of CP CML patients 
treated with bosutinib. The goal of this work was to estimate the suppression of kinase activity 
in subject cohorts defined by disease type (CP CML or Ph+ ALL), stage of disease, prior 
therapies, and different doses of bosutinib. A protocol-specified secondary objective of Part 1 
(dose escalation phase) of the study was to obtain data on the ability of bosutinib to inhibit Bcr-
Abl kinase activity at various dose levels. Part 1 comprised 18 imatinib-resistant subjects (17 
with CP CML and 1 with AP CML) who received the following doses: 400 mg (n=3), 500 mg 
(n=3) and 600 mg (n=12). Whole blood was drawn immediately prior to and 6 hours after 
bosutinib dosing on days 1, 8 and 15, for a total of 6 measurements, with the first blood draw 
providing the baseline measurement.  Phosphorylation of CrkL(Y207), a well-known Bcr-Abl 
target, was monitored in whole blood cells, as well as in the CD3+ (T cell), CD19+ (B cell), and 
CD34+ (blast cell) compartments. All work was performed at  
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, following approval of an assay validation document prior to the evaluation of clinical 
samples. p-CrkL signals were consistently highest in the whole blood assays, whereas the 
other compartments did not stain consistently for p-CrkL, and showed no staining in some 
samples. Thus, by necessity, the pharmacodynamic analysis was focused on the p-CrkL signal 
in the whole blood compartment. 
 
A total of 287 patients (Part 1 and Part 2) provided a baseline sample that was successfully 
evaluated by flow cytometry, and between 50 and 220 samples were measured at each of the 
5 time points during treatment. The results were tabulated for each subject, and also 
summarized for each cohort (where cohorts are defined based on bosutinib dose in Part 1, and 
based on disease stage and prior therapies in Part 2).  
At the cohort level, no consistent trends suggesting decreased p-CrkL levels in response to 
bosutinib were noted relative to the corresponding mean baseline signal. In addition, virtually 
all datasets were accompanied by high CVs. Therefore, the team further evaluated the dataset 
by reviewing p-CrkL signals over time for individual subjects. For most subjects, the lack of 
discernable trends in p-CrkL levels over time reinforced the conclusions from the cohorts; 
these analyses also indicated points where fluorescence activated cell scanning (FACS) data 
were not successfully generated. 
 
Reviewer Comment:  Because the trial did not elucidate any trends regarding p-Crkl levels in 
response to bosutinib, and FACS data were not successfully generated, the pharmaco-
dynamics of bosutinib are not fully characterized at this time.   
 
Please see the review of Elimika Pfuma, Pharm.D, Ph.D. for a detailed presentation of 
Pharmacodynamics.  

4.4.3    Pharmacokinetics 

Absorption: Bosutinib has linear PK in the dose range of 200 – 800 mg. The median Tmax 
ranges from 3 to 6 hours and a 2 – 3 mean accumulation ratio is observed at steady-state. The 
absolute bioavailability of bosutinib has not been assessed. A high-fat meal caused a 2-fold 
increase in exposure. However, food also increased tolerability to bosutinib, therefore bosutinib 
was co-administered with food in patient trials thereafter. 
 
Distribution 
After administration of a single dose of BOSULIF (500mg) with food to healthy subjects, 
bosutinib had a mean apparent volume of distribution (standard deviation) of 7,700 L (±2,940 
L), suggesting that bosutinib is extensively distributed to extra-vascular tissue. 
Bosutinib was highly bound to human plasma proteins in vitro (94%) and ex vivo in healthy 
subjects (96%), and binding was not concentration-dependent.  
 
Metabolism and Drug-Drug Interactions: Bosutinib is primarily metabolized by CYP3A4. It is a 
P-gp substrate and inhibitor, in vitro. Ketoconazole (strong CYP3A4 inhibitor) increased 
bosutinib Cmax 2.9- to 5-fold and AUC 6.5- to 8.9-fold. Rifampin (strong CYP3A4 inducer) 
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5.2 Review Strategy 

The clinical review for this NDA was conducted by Karen McGinn, M.S.N., C.R.N.P., Senior 
Clinical Analyst, Division of Hematology Products, Office of Hematology and Oncology 
Products.   
This clinical review included the following: 
• A survey of current literature on diagnosis, classification and treatment of CML using 

standard textbooks, reviews, references submitted by the sponsor and publications listed in 
PubMed; 

• Review of the Applicant’s description of all trials submitted with this NDA including Trial 
B1871008 3160 A4 3000 WW (Trial 3000) and Trial B1871006 3160 A4 200 WW (Trial 
200); 

• Review of supporting tables and data listings of various aspects of the trials, especially 
objective response rates and adverse events, for evaluation of the Applicant’s claims; 

• Review of datasets submitted as SAS transport files; 
• Review of patient narratives of serious adverse events and deaths; 
• Review of meeting minutes conducted during drug development;  
• Review of reviews conducted by other disciplines including Pharmacology/ Toxicology, 

Clinical Pharmacology, Biopharmacology, Biostatistics, CMC, and Office of New Drug 
Quality Assessment; 

• Review of consultations with Office of Scientific Investigations, Division of Medication Error 
Prevention and Analysis, Interdisciplinary Review Team for QT Studies, and the Division of 
Drug Marketing, Advertising and Communications;  

• Requests for additional information from the Applicant; 
• Formulation of conclusions and recommendations; 
• JMP analyses of datasets of patient demographics, prior therapies, disease state, response 

criteria, laboratory data, and adverse events to confirm the Applicant’s major analyses; and 
• Evaluation of proposed labeling. 

5.3    Discussion of Individual Clinical Trials 

Trial 200 is the primary focus of this review although Trials 2203 and 3000 are summarized in 
this section and with the safety review in section 7.   
 
Trial 200 
Trial 200 was a single arm, Phase 1/2, open label trial that enrolled patients with CML in one of 
its three stages: CP, AP, and BP or Ph+ ALL.  All patients had been treated previously with 
imatinib; some of the subjects were resistant to imatinib and others were intolerant of imatinib.  
The trial consisted of two parts, a dose escalation part (Part 1) and an efficacy part (Part 2).  
The primary objectives of Part 1 were to determine the maximum tolerated dose (MTD), and to 
evaluate pharmacokinetics (PK) in patients with CP CML.  The primary objectives of Part 2 
were to determine the rate of major cytogenetic response in subjects with imatinib-resistant 
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chronic phase CML who had no prior Src, Abl, or Src-Abl kinase inhibitor exposure other than 
imatinib, and to determine the population PK parameters of this population.   
 
Trial Objectives 
(Source:  Clinical Study Report, Section 9.0) 
 
Part 1—Dose Escalation Component 
Primary 
• Define the maximum tolerated dose, less than or equal to 1000 mg/day, in subjects with 

CML in chronic phase resistant or refractory to imatinib. 
• Evaluate the overall PK parameters in this population 
 
Secondary 
• Determine the rate of Major Cytogenetic Response in chronic phase subjects at various 

dose levels of SKI-606 
• Obtain data on the ability of SKI-606 to inhibit phosphorylation of CrkL and BCR-Abl at 

various dose levels 
 
Exploratory 
• Explore the pharmacogenomic effects of SKI-606 in subjects with chronic phase CML 
 
Part 2—Efficacy Component 
 
Primary Endpoints  
• Determine the rate of attaining major cytogenetic response in subjects entering with 

imatinib-resistant chronic phase CML, who have no prior Src, Abl, or Src-Abl kinase 
inhibitor exposure other than imatinib 

• Determine the population PK parameters of this population  
 
Secondary Endpoints 
1.  Estimate the time to and duration of MCyR in subjects entering with imatinib-resistant 
chronic phase CML, who have no prior Src, Abl, or Src/Abl kinase inhibitor exposure other than 
imatinib 
2.  Estimate MCyR rate in subjects with CP CML intolerant of imatinib, who have no prior Src, 
Abl, or Src/Abl kinase inhibitor exposure other than imatinib 
3.  Estimate the time to and duration of MCyR in subjects with CP CML intolerant of imatinib, 
who have no prior Src, Abl, or Src/Abl kinase inhibitor exposure other than imatinib 
4.  Estimate the time to and duration of CHR in the imatinib-resistant and imatinib-intolerant 
groups. 
5.  Estimate MCyR rate in subjects with CP CML who have failed imatinib and are resistant to 
other tyrosine kinase inhibitors (dasatinib or nilotinib)  
6.  Estimate MCyR rate in subjects with CP CML who have failed imatinib and are intolerant of 
dasatinib or nilotinib 
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7.  Estimate the overall survival (OS) and progression free survival (PFS) rates at 1 and 2 
years 
8.  Estimate CHR rate in subjects with advanced leukemia (AP CML, BP CML, Ph+ ALL)  
9.  Estimate OHR rate in subjects with imatinib-resistant accelerated phase and blast phase 
CML 
10. Assess the safety of bosutinib during prolonged oral exposure in a leukemic population 
 
Exploratory Endpoints 
• Estimate the rate of molecular responses in those whose best prior response was CCyR 

and cytogenetic responses in those previously attaining only CHR.  
• Define PD effects of bosutinib on activation of Src-family kinases and downstream 

substrates 
• Evaluate patient reported outcomes endpoints by administering quality of life 

questionnaires  
 
The Statistical Analysis Plan called for three interim analyses (futility at 25% and 50% 
enrollment and efficacy at 75%) with alpha expenditure at each analysis.  Only one cohort met 
the boundary for futility, the cohort of patients receiving second line treatment for CP CML who 
were intolerant of imatinib; however the Applicant made the decision to continue the trial in this 
cohort after a literature review of patient responses to dasatinib indicated that the pre-specified 
futility boundary had been set too high. 
 
Patients took bosutinib daily and could continue treatment until disease progression, 
unacceptable toxicity, subject request, protocol violation, non-compliance, or other reason.  
During part 2, a subject’s dose could be increased to 600 mg for lack of efficacy (failure to 
reach CHR by week 8 or CCyR by week 12) if the subject did not have a grade ≥3 drug related 
adverse event (AE). The protocol also contained provisions for dose reduction in 100-mg 
decrements for toxicity to a minimum dose of 300 mg.  Responses were determined by local 
investigators who made their assessments using the results of local laboratories.  
 
Applicant’s Definitions of Resistance and Intolerance 
 
Dosing Requirements 
Full Dose imatinib: 600 mg/day for Chronic Phase and 800mg/day for Advanced Phase 
Full Dose dasatinib: ≥ 100 mg/day 
Full Dose nilotinib: 400 mg/day 
 
Imatinib Resistant 
• Primary - subjects who fail to achieve adequate response while taking full-dose imatinib, or 

have no prior MCyR or CHR on imatinib with an increasing WBC count on ≥ 2 consecutive 
evaluations. Inadequate responses are defined below. 

• Acquired - subjects who have failed to maintain a major cytogenetic response, or failed to 
maintain any hematologic response. Subjects previously confirmed as responses in any of 
these categories that have disease progression (loss of MCyR or any hematologic 
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response), or an increasing WBC on two consecutive weekly evaluations during the first 
year are eligible. 

• Resistant to imatinib with a mutation – progressed while taking ≤ 600 mg imatinib and with 
a genetic mutation in BCR-Abl gene that is associated with imatinib resistance. 

 
Imatinib Intolerant  
• Unable to take imatinib due to imatinib-related, grade 4 hematologic toxicity lasting more 

than 7 days, or imatinib-related grade ≥3 non-hematologic toxicity, or persistent grade 2 
toxicity, not responding to dose reductions and medical management, or progression on 
less than full-dose imatinib and unable to receive a higher dose of imatinib due to previous 
toxicity thought to be due to imatinib 

 
Dasatinib Resistant (previously imatinib resistant/intolerant): 
• Primary - subjects who fail to achieve adequate response while taking full-dose dasatinib, 

or have no prior MCyR or CHR on dasatinib with an increasing WBC count on ≥ 2 
consecutive evaluations. Inadequate responses are defined below. 

• Acquired - subjects who have failed to maintain a MCyR, or failed to maintain any 
hematologic response. Subjects previously confirmed as responses in any of these 
categories that have disease progression (loss of MCyR or any hematologic response), or 
an increasing WBC on two consecutive weekly evaluations during the first year are eligible. 

 
Dasatinib Intolerant (previously imatinib resistant/intolerant)  
• Unable to take dasatinib due to dasatinib-related, grade 4 hematologic toxicity lasting more 

than 7 days, or dasatinib-related grade ≥3 non-hematologic toxicity, or persistent grade 2 
toxicity, not responding to dose reductions and medical management, or progression on 
less than full-dose dasatinib, and unable to receive a higher dose of dasatinib due to 
previous toxicity thought to be due to dasatinib 
 

Nilotinib Resistant (previously imatinib resistant/intolerant): 
• Primary - subjects who fail to achieve an adequate response while taking full-dose nilotinib, 

or have no prior MCyR or CHR on nilotinib with an increasing WBC count on ≥ 2 
consecutive evaluations. Inadequate responses are defined below. 

• Acquired - subjects who have failed to maintain a major cytogenetic response, or failed to 
maintain any hematologic response. Subjects previously confirmed as responses in any of 
these categories that have disease progression (loss of MCyR or any hematologic 
response), or an increasing WBC on two consecutive weekly evaluations during the first 
year are eligible. 

 
Inadequate responses to at least full dose imatinib, dasatinib or nilotinib unless otherwise 
specified: 
• Subjects started on treatment in chronic phase who fail to achieve or have failed to 

maintain any hematologic improvement within four weeks, a CHR after 12 weeks, a 
cytogenetic response by 24 weeks, or a major cytogenetic response by 12 months. 
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patients with exposure to dasatinib 
7) Secondary objectives were updated to address efficacy in 

subjects exposed to imatinib and dasatinib separately 
8) Additional baseline testing was added: Echocardiogram or 

multiple gated acquisition scan, BCR-ABL sequencing, 
clinical laboratory evaluations, and patient-reported 
outcome assessments,.  Ophthalmic examinations were 
discontinued and long-term follow-up was defined. 

9) Inclusion criteria were modified: subjects not receiving oral 
anti-thrombotic therapy (OAT) had to have a normal INR;  
INR in patients receiving OAT must be < 3. 

10) Exclusion criteria were modified: subjects were not 
excluded if they had no evidence of leukemia in bone 
marrow, but were excluded for extramedullary disease; 
subjects with gastrointestinal disorders lasting > 2 days 
despite therapy were excluded; patients with unexplained 
syncope were no longer excluded; subjects with 
uncontrolled or symptomatic CHF within 3 months or MI 
within 6 months were excluded; and prior exposure to Src, 
Abl or Src-Abl kinase inhibitors was no longer an exclusion 
criterion. 

11) Concomitant medications were modified: Neumega was 
included as a permitted treatment; CYP-3A4 inhibitors 
could be used with caution during part 2; azoles were 
permitted in subjects with AP CML who required anti-fungal 
therapy 

12) Compliance was to be monitored at study sites and 
recorded on the CRFs. 

13) Additional precautions and monitoring were added for 
subjects receiving warfarin. 

14) Conditions for dose reductions, dose delays, or 
discontinuations due to AEs, clinical laboratory 
abnormalities, and OATS were modified. 

15) SAP was updated to match changes in study population, 
number of subjects, and their inclusion in primary and 
secondary endpoints.  

16) A second planned interim analysis was deleted. 
Amendment 2 
November 21, 2008 

Specified dose escalation in Chinese subjects would start with 
3 to 6 subjects at 400 mg and then could be increased to 500 
mg if safety criteria were met (applied to China and Taiwan 
only) 

Amendment 3 
December 20, 2007 

Statement added regarding SUSARs and the European 
Directive (applicable in UK only) 

Amendment 4 1) Personnel and contact information updated 
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June 10, 2008 2) Updated information for imatinib, dasatinib, and nilotinib; 
additional clarifications for hematologic versus cytogenetic 
response (CyR) and how to determine CyR 

3) Clarification of how patients were assigned to cohorts 
4) Discontinued physical exams every 12 weeks; discontinued 

pharmacodynamic and pharmacogenomic testing; added 
ECG every 12 weeks in Taiwan; clarified timing of health 
outcome assessments; clarified that FISH analysis of bone 
marrow aspirate is acceptable for post-baseline 
assessments; clarified BCR-ABL sequencing was to be 
performed at the end of treatment for all subjects; no PK 
sample at week 2; physical exam procedures updated; 
added that peripheral blood count could be used at 
screening for sequencing if insufficient bone marrow 
aspirate; patient-reported outcomes assessment would 
only be performed where appropriate translations were 
available; updated efficacy descriptions; added new table 
to include more specific explanation of exploratory cohorts 

5) Added a cohort for patients with imatinib resistant/intolerant 
and subsequently nilotonib-resistant CP CML was added 

6) Based on interim analysis results, enrollment was modified 
to include additional subjects with AP and BP leukemias 
and to not enroll additional subjects with Ph+ ALL 

7) Inclusion criteria changes included the following:  no 
antileukemia treatment was permitted within 7 days of the 
first dose of bosutinib (except hydroxyurea and anagrelide); 
patients had to be able to take tablets as well as capsules; 
adequate bone marrow function was required only for 
subjects with a history of imatinib resistance 

8) Exclusion criteria modifications included the following: 
uncontrolled cardiac disease was further defined; subjects 
with documented history of T315I BCR-ABL mutation were 
to be excluded. 

9) Concomitant medication changes included the following: 
added exceptions for subjects with advanced phase 
leukemia; guidance clarified for other permitted 
concomitant medications; updated OAT precautions 

10) Guidance updated for dose escalation and dose reduction 
due to toxicity with specific guidance added for hematologic 
toxicity 

11) ECG guidance updated 
12) SAP was updated to match the study population changes.   
13) The numbers of subjects to be enrolled was increased to 

459. 
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14) Text was added to clarify wording about new cohorts 
15) Additional text was added for AEs, SAEs, and SUSARs to 

reflect local regulatory requirements 
16) Changes to attachments to refine descriptions of phases 

and treatment responses 
Amendment 5 
November 21, 2008 

Deletion of requirement for RT PCR for BCR-ABL 
quantification testing for subjects in China, India, Russia and 
South Africa 

 
Trial 2303 
Trial 2303 was a single arm, Phase 1/2 trial of 58 subjects in Japan with imatinib resistant or 
intolerant CML.  The CSR was not available for review.  This review focuses on analysis of the 
safety data from Trial 2303 that was incorporated into the pooled 120 day safety update. 
 
Trial 3000 
Trial 3000 was a randomized, controlled trial of 502 subjects with newly diagnosed CML which 
compared complete cytogenetic response (CCyR) at one year in patients treated with bosutinib 
(Arm 1) to those treated with imatinib (Arm 2).  It was a superiority trial which hypothesized 
superiority of bosutinib over imatinib; however the trial failed to demonstrate superiority.  This 
review focuses on analysis of the safety data from Trial 3000. 

5.3.1.   Eligibility Criteria for Trial 200  

Inclusion Criteria (Excerpted from Protocol) 
1.   Signed and dated institutional review board (IRB) or independent ethics committee (IEC)-
approved informed consent form before any protocol-specific screening procedures. 
2.   Cytogenetic or PCR based diagnosis of any phase of Ph+ CML or Ph+ ALL whose disease 
is resistant to full-dose imatinib (≥600 mg), or are intolerant of any dose of imatinib.   
3.   Adequate duration of prior imatinib therapy  
4.   ECOG Performance Status of 0 or 1 for chronic phase subjects, and 0, 1 or 2 for Advanced 
Stage Subjects 
5.   No anti-proliferative or anti-leukemia treatment within 7 days of the first dose of SKI-606 
(except hydroxyurea & anagrelide). 
6.   Recovered to Grade 0-1, or to baseline, from any toxicities of prior anticancer treatment, 
other than alopecia 
7.   At least 3 months post allogeneic stem cell transplantation 
8.   Able to take daily oral capsules or tablets reliably 
9.   Adequate bone marrow function (chronic phase patients with a history of imatinib 
resistance only) 

o Absolute neutrophil count > 1000/mm3 (>1 x109/L) 
o Platelets ≥ 100,000/ mm3 (>100 x109/L) absent any platelet transfusions during the 

preceding 14 days. 
10. Adequate hepatic and renal function 

Reference ID: 3162984



Clinical Review 
Karen M. McGinn, M.S.N., C.R.N.P. 
NDA 203341 
Bosulif (bosutinib) 
 

33 

o AST/ALT ≤ 2.5 × upper limit of normal (ULN) or ≤ 5 × ULN if attributable to liver 
involvement of leukemia 

o Total bilirubin ≤ 1.5 × ULN Creatinine ≤ 1.5 × ULN 
11. Age > 18 years 
12. Willingness of male and female subjects, who are not surgically sterile or postmenopausal, 
to use reliable methods of birth control (oral contraceptives, intrauterine devices, or barrier 
methods used with a spermicide) for the duration of the study and for 30 days after the last 
dose of SKI-606. 
13. Documented normal INR if not on oral anticoagulant therapy (OAT), or, if on OAT 
consistent target INR ≤ 3. 
 
Exclusion Criteria (Excerpted from Protocol) 
1.  Subjects with Philadelphia chromosome and BCR-Abl negative CML. 
2.  Subjects previously intolerant of imatinib – Part 1 (dose escalation only)  
3.  Overt leptomeningeal leukemia.  Subjects must be free of CNS involvement for a minimum 
of 2 months.  Subjects with symptoms of CNS involvement must have a diagnostic lumbar 
puncture prior to study enrollment. 
4.  Subjects with extramedullary disease only. 
5.  In part 1, no prior exposure to Src, Abl, or Src/Abl kinase inhibitors is allowed. 
6.  Ongoing requirement for warfarin or other OAT (Part 1 only) 
7.  Ongoing requirement for hydroxyurea or anagrelide (Part 1 only) 
8.  Graft Versus Host Disease (GVHD)  

o Part 1 – no previous GVHD allowed 
o Part 2 – no treated or untreated GVHD within 60 days of study start 

9.  Major surgery within 14 days or radiotherapy within 7 days before the first dose of SKI-606 
(recovery from any previous surgery should be complete before day 1)  
10.Ongoing clinical requirement for administration of a strong inhibitor of CYP-3A4  – Part 1 
only 
11.History of clinically significant or uncontrolled cardiac disease including: 

o history of or active congestive heart failure  
o uncontrolled angina or hypertension within 3 months 
o myocardial infarction (within 12 months) 
o clinically significant ventricular arrhythmia (such as ventricular tachycardia,  

ventricular fibrillation, or Torsades de pointes). 
o diagnosed or suspected congenital or acquired prolonged QT syndrome 
o unexplained syncope  
o history of prolonged QTc12.Prolonged QTc (>0.45 sec, average of triplicate readings 

at screening) 
13. Concomitant use of or need for medications known to prolong the QT interval  
14. Uncorrected hypomagnesemia or hypokalemia due to potential effects on the QT interval 
15. Recent (within 30 days of study entry) or ongoing clinically significant gastrointestinal 
disorder (e.g., malabsorption, short bowel syndrome, bleeding, or grade >1 diarrhea, nausea 
or emesis lasting more than 2 days, despite adequate medical therapy) 
16. Pregnant or breastfeeding women 
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17. Evidence of serious active infection, or significant medical or psychiatric illness 
18. Known seropositivity to HIV, or current acute or chronic Hepatitis B or Hepatitis C (antigen 
positive), cirrhosis, or clinically significant abnormal laboratory finding that would, in the 
investigator’s judgment, make the subject inappropriate for this study. 
19. Documented history of T315I BCR-Abl mutation. 

5.3.2   Schedule of Assessments 

Table 8   Schedule of Assessments (Applicant Table) 
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5.3.3    Dosing Regimens 

Part 1 
During the dose escalation part of the trial the initial cohort of subjects started with 400 mg of 
bosutinib daily.  Dose escalations followed a standard 3 + 3 design escalating to 500 mg and 
then 600 mg daily doses.  Although only one patient of 12 in the 600 mg daily cohort had grade 
3 DLT, the phase 2 dose level was determined to be 500 mg daily with an option to increase to 
600 mg for inadequate response. 
 
Part 2 
Patients were started at 500 mg with escalation to 600 mg if response was inadequate. 
Response was considered inadequate for failure to reach CHR by week 8 or CCyR by week 
12. 
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6 Review of Efficacy 
Efficacy Summary 
This NDA is based on the responses observed from one single-arm trial with bosutinib given 
as a single agent for the treatment of 571 patients with CML who were resistant or intolerant to 
imatinib.  The majority of the patients enrolled had chronic phase disease (71%), while 13% 
had accelerated phase, 11% had blast phase disease, and 4 % had Ph+ ALL.  The primary 
endpoint for patients with CP CML was MCyR at 24 weeks.  Evaluation of patients with 
advanced phases of disease was considered exploratory. The primary endpoint in the 
advanced phases was complete hematologic response (CHR); however the protocol was 
amended to include an endpoint of objective hematologic response (OHR), an endpoint which 
includes three other categories: Return to Chronic Phase (RCP), Minor Hematologic Response 
(MiHR) and No Evidence of Leukemia (NEL).  Although the trial evaluated molecular 
responses in 75% of the patients, these responses were considered exploratory.  All 
responses were determined by local laboratories.   

6.1    Indication 

The Applicant’s proposed indication is as follows: 
BOSULIF (bosutinib) is a tyrosine kinase inhibitor indicated for the treatment of chronic, 
accelerated, or blast phase Philadelphia chromosome positive (Ph+) chronic myelogenous 
leukemia (CML) in adult patients with resistance, or intolerance to prior therapy.  

6.1.1    Methods 

This clinical review is based mainly on the Trial 200 CSR, Case Report Forms, primary data 
sets for efficacy and toxicity submitted by the applicant, and a literature review for CML.  
Safety data from Trial 3000 was also reviewed.  The Applicant’s definitions of disease phases 
at diagnosis, and hematologic, cytogenetic and molecular responses to treatment are 
presented in Tables 9, 10, 11, 12 and 13.  The Applicant did not use definitions of disease 
phases as promulgated by the WHO in 2002; however the definitions used were the same as 
those used in the pivotal trials for the approvals of imatinib, dasatinib and nilotinib.   
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Table 9   Definition of Disease Phases at Diagnosis (Applicant Table) 

 
 

Table 10   Definition of Hematologic Responses to Treatment in CP CML (Applicant Table) 
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Table 11   Definition of Hematologic Responses to Treatment in Advanced Phases of CML 
(Applicant Table) 

 
Table 12   Definition of Cytogenetic Responses to Treatment (Applicant Table) 

 
Table 13   Definition of Molecular Responses to Treatment (Applicant Table) 
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6.1.5    Analysis of Secondary Endpoints 

Time to MCyR in Subjects with CP CML in Second-line Treatment with Bosutinib 
 
The Kaplan-Meier median time to MCyR for imatinib-resistant subjects was 36.0 weeks (95% 
CI, 24.1, 49), and for imatinib-intolerant subjects was 24.4 weeks (95% CI, 12.3, 48).  See 
Figure 2.  
 
Figure 2   Kaplan-Meier Estimate of Time to MCyR in Patients with CP CML in Second-line 
Treatment with Bosutinib (Applicant Figure) 

 
 

 
Duration of MCyR in Patients with CP CML in Second-line Treatment with Bosutinib 
The Kaplan-Meier estimate of maintaining MCyR at Year 1 and Year 2 was 68.4% (95% CI: 
[57.8, 76.9]) for both years in the imatinib-resistant cohort and 88.0% (95% CI: [71.1, 95.3]) for 
both years in the imatinib-intolerant cohort.  See Figure 3. 
 
The median duration of response for imatinib intolerant subjects has not been reached.  The 
Kaplan-Meier estimate of maintaining MCyR at Year 1 and Year 2 was 88% (95% CI, 71.1, 
95.3) for both years in this cohort. See Figure 3. 
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Figure 3   Kaplan-Meier Estimate of Maintaining MCyR at Year 1 and at Year 2 in Patients with 
CP CML Treated with Bosutinib as Second-line Therapy (Applicant Figure) 

 
 
 
Time to CHR in Patients with CP CML in Second-line Treatment with Bosutinib 
The Kaplan-Meier median time to confirmed (achieved or maintained) CHR in the evaluable 
population was 2.1 weeks (95% CI, 2.0, 2.6).  If a patient entered the trial with CHR at 
baseline, the earliest CHR could be confirmed/maintained was on Day 7.  If CHR was present 
on Day 7 and confirmed at least 4 weeks later, it was considered to have occurred on Day 7.   
 
Duration of CHR in Patients with CP CML in Second-line Treatment with Bosutinib 
The median duration has not been reached. Of the 244 (85.0%) subjects who either attained a 
confirmed CHR or maintained their baseline CHR, 182 (74.6%) had maintained the response 
as of the last assessment before the database snapshot.  Of the 244 patients who attained or 
maintained a CHR, 103 (42.2%) had a CHR at baseline.  The K-M estimates of retaining a 
CHR was 84.6% (95% CI: [79.0, 88.8]) at Year 1 and 72.1% (95% CI: [65.2, 77.8]) at Year 2.  
 
PFS in Patients with CP CML in  Second Line Treatment with Bosutinib 
The Kaplan-Meier estimates of PFS in the all-treated population at Year 1 and Year 2 were 
91.3% (95% CI: [86.8, 94.3]) and 80.6% (95% CI: [74.3, 85.4]), respectively. The Kaplan-Meier 
median PFS has not been reached.  See Figure 4. 
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Figure 4   Kaplan-Meier Estimates of PFS in Patients with CP CML in Second Line Treatment 
with Bosutinib  

 
 
OS rate at 1 and 2 years in Patients with CP CML in Second-line Treatment 
The Kaplan-Meier estimate of OS in Patients with CP CML in second line treatment with 
Bosutinib at Year 1 was 96.8% (95% CI: 94, 98.3) and at Year 2 was 90.6% (95% CI: 86.5, 
93.5).  The median OS has not been reached.  See Figure 5. 
 
Figure 5   Kaplan-Meier Estimates of Overall Survival in Patients with CP CML in Second Line 
Treatment with Bosutinib 
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Figure 6   Kaplan-Meier Estimate of Duration of MCyR at Year 1 and at Year 2 in Patients with 
CP CML Treated with Bosutinib as Third Line Therapy (Applicant Figure) 

 
 
Figure 7   Kaplan-Meier Estimate of Time to Major Cytogenetic Response in Patients in Third 
Line Treatment with Bosutinib for CP CML (Applicant Figure) 
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Reviewer Comment:  Support for clinical efficacy in third line cohorts is less robust due to 
small sample size in most cohorts and the single arm trial design; however, the trial showed 
evidence of activity in patients in all third line cohorts.  Median duration of response was not 
reached for all cohorts except patients who were resistant to imatinib and resistant to 
dasatinib.  Although the Applicant’s time to event analyses have been included in this review, 
time to event analyses such as PFS, OS, and TTF are generally not interpretable in single arm 
trials, and would not constitute substantial evidence for labeling purposes. 
 
Patients with Advanced Phase CML (AP, BP, and Ph+ ALL) 
OHR and CHR Rates in Patients with AP CML 
The confirmed OHR rate by week 48 in patients with AP CML and prior therapy with more than 
one TKI (AP multi TKI) was 43% (95% CI 26, 63) with a median duration of 42 weeks.  
Confirmed CHR rate in the same cohort was 27% (95% CI: 11, 42) with a median duration of 
74 weeks.   The confirmed OHR rate by week 48 in patients with AP CML and prior imatinib 
only was 64% (95% CI 44, 79) with a median duration of 53 weeks.  Confirmed CHR rate in 
the same cohort was 41% (95% CI: 26, 56) with a median duration of 69 weeks.  See Table 
20. 
 
OHR and CHR Rates in Patients with BP CML 
The confirmed OHR rate by week 48 in patients with BP CML and prior therapy with more than 
one TKI (BP multi TKI) was 19% (95% CI: 6, 38) with a median duration of 31 weeks.  
Confirmed CHR in the same cohort was 4% (95% CI: 0, 20).  The confirmed OHR rate by week 
48 in patients with BP CML and prior imatinib only was 36% (95%CI: 20, 55) with a median 
duration of 29 weeks.  The confirmed CHR in the same cohort was 24 % (95% CI: 10, 39).  
See Table 20. 
 
OHR and CHR in Patients with Ph+ ALL 
All patients in this cohort had prior therapy with multiple TKIs.  The confirmed OHR and CHR 
rates by week 48 in patients with Ph+ ALL was 9% (95%CI: 1, 29) and 9% (95% CI: 1, 29) with 
median durations of 79  and 76 weeks respectively.  See Table 20. 
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work was performed at  following approval of an assay 
validation document prior to the evaluation of clinical samples. p-CrkL signals were 
consistently highest in the whole blood assays, whereas the other compartments did not stain 
consistently for p-CrkL, and showed no staining in some samples. Thus, by necessity, the 
pharmacodynamic analysis was focused on the p-CrkL signal in the whole blood compartment. 
 
A total of 287 patients (Part 1 and Part 2) provided a baseline sample that was successfully 
evaluated by flow cytometry, and between 50 and 220 samples were measured at each of the 
5 time points during treatment. The results were tabulated for each subject, and also 
summarized for each cohort (where cohorts are defined based on bosutinib dose in Part 1, and 
based on disease stage and prior therapies in Part 2).  
At the cohort level, no consistent trends suggesting decreased p-CrkL levels in response to 
bosutinib were noted relative to the corresponding mean baseline signal. In addition, virtually 
all datasets were accompanied by high CVs. Therefore, the team further evaluated the dataset 
by reviewing p-CrkL signals over time for individual subjects. For most subjects, the lack of 
discernable trends in p-CrkL levels over time reinforced the conclusions from the cohorts; 
these analyses also indicated points where fluorescence activated cell scanning (FACS) data 
were not successfully generated. 
 
Reviewer Comment:  Because the trial did not elucidate any trends regarding p-Crkl levels in 
response to bosutinib, and FACS data were not successfully generated, the pharmaco-
dynamics of bosutinib are not fully characterized at this time.   
 
Health Outcomes Endpoints Using Quality of Life Questionnaires 
Health-related quality-of-life (HRQoL) was assessed through the Functional Assessment of 
Cancer Therapy-Leukemia (FACT-Leu) scale. Overall health status was assessed by the EQ-
5D over the course of treatment.   Patients completed FACT-Leu questionnaires at each visit.  
Questions addressed five areas: physical well-being, social/family well being, emotional well-
being, functional well-being and additional concerns related to symptoms.  Patients answered 
items based upon their 7-day recall and provided answers according to a Likert scale ranging 
from “Not at all” to “Very Much.”  Higher scores reflected better states of well-being in each 
category.   
 
The EQ-5D is comprised of a descriptive system and a visual analogue scale.  The descriptive 
system includes five dimensions: mobility, self care, usual activities, pain/discomfort, and 
anxiety/depression.  Patients self-scored each dimension at one of three levels: no problems, 
some problems and extreme problems, and rated their assessment of general state of health 
on the visual analogue score (zero reflected worst imaginable state of health and 100 reflected 
best imaginable state of health). 
 
Overall, scores at baseline were consistent with scores of patients with leukemia in the general 
population.  During early treatment, scores declined consistent with toxicities such as diarrhea, 
nausea, vomiting, fatigue, fever, and headache.  As treatment continued, scores returned to 
baseline or improved in the majority of patients. 
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2203 are summarized in Table 6 in Section 5.1.  Details of trial design for the 3 trials are 
discussed in section 5.3. 
 
Efficacy results are presented in section 6.  The major focus of the safety review (contained in 
this section) is the data from the phase 2 trial, Trial 200.  Reference will be made to PK, QT 
and drug-drug interaction studies where appropriate.  The QT data has been reviewed by the 
IRT/QT team.  Reference will also be made to Trial 3000, and to any signals from the ISS, 
which includes data from efficacy Trials 200 and 3000 as well as Trial 2203, a trial conducted 
in Japan. 
 
Safety analyses in trial 200 included: 
• Incidence and severity of Adverse Events (AEs) and serious adverse events 

(SAEs). Progression of underlying malignancy and hospitalization solely for 
progressive disease were not to be reported as AEs or SAEs.  

• Laboratory test abnormalities 
• Analysis of Deaths 
• Review of Interdisciplinary Review Team’s review of thorough QT trial in 70 healthy 

volunteers 

7.1.2 Categorization of Adverse Events 

Adverse events (AEs) were coded using Medical Dictionary for Regulatory Activities (MedDRA) 
v. 14.  AEs were summarized by MedDRA system organ class (SOC) and preferred term (PT).  
AEs and SAEs were to be graded according to NCI-CTCAE version 3.0. 

7.1.3    Pooling of Data Across Studies/Clinical Trials to Estimate and Compare 
Incidence 

The 21 clinical trials submitted to the BLA provide safety data from more than 1600 
subjects exposed to bosutinib. The database includes: 
• 570 patients with CML treated with bosutinib in Trial 200 
• 248 patients with CML treated with bosutinib in Trial 3000  
• 52 patients with CML treated with bosutinib in Trial 2203-JA 
• 339 patients exposed in phase 1 dose escalation studies or phase 2 studies in combination 

with other agents. 
• 393 healthy volunteers in bioavailability and bioequivalence trials, hepatic metabolism and 

drug interaction trials, QT and PK trials 
 
The Applicant integrated safety data from the 3 clinical trials conducted in patients with CML 
into a single safety database.  This reviewer’s safety analysis will present safety data 
separately for the pivotal trial (Trial 200), and for the randomized controlled trial (Trial 3000).  
In addition, an integrated safety analysis of the three clinical trials in 870 patients with CML will 
be presented.  The larger safety base did not demonstrate unexpected toxicities compared 
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7.2.2 Explorations for Dose Response 

Explorations for dose response were not conducted. 

7.2.3 Special Animal and/or In Vitro Testing 

Nonclinical testing was adequate.  Bosutinib was not genotoxic or mutatgenic in animal studies 
and in vitro studies. 

7.2.4 Routine Clinical Testing 

Subjects in Trial 200 were required to have baseline evaluations, which included a complete 
medical history and physical examination, ECOG performance status, chest X-ray, laboratory 
testing, electrocardiogram (ECG), and LVEF (left ventricular ejection fraction) by 
echocardiogram or MUGA within 14 days of start of bosutinib.  Bone marrow aspiration was 
required for baseline cytogenetics and was repeated at week 12, every 12 weeks thereafter, 
and at end of treatment.  If the requisite 20 cells in metaphase were not present for cytogenetic 
testing after baseline, FISH testing was permissible.  The required baseline laboratory studies 
included hematology, biochemistry, coagulation (INR and aPTT or PTT). These tests were to 
be repeated weekly until week 4, then at weeks 8 and 12 and then every 12 weeks thereafter. 
Serum pregnancy test was to be documented to be negative for women of childbearing 
potential (WCBP) at baseline and at end of treatment.  Male patients had the following tests at 
baseline and at weeks 4, 8 12 and 24:  serum testosterone, free testosterone, progesterone 
and 17 hydroxytestosterone.  Chest X-ray was repeated at week 8 and at end of treatment.  
ECGs were performed in triplicate at baseline and at week 1 day before treatment and at hours 
2, 4 and 6 post-dose and on day 21 before treatment and at hours 2, 4, 6 and 20-23 post-dose. 

7.2.5 Metabolic, Clearance, and Interaction Workup 

The Applicant submitted data from 18 additional trials: 4 bioavailability and bioequivalent trials, 
5 hepatic and drug interaction trials, 4 PK trials, 1 QT trial and 4 efficacy trials in patients with 
breast cancer.   
 
7.2.6 Evaluation for Potential Adverse Events for Similar Drugs in Drug Class 
 
The Applicant considered the following 10 adverse events as events of special interest as they 
have been toxicities for one or more other TKIs:  Prolongation of the QT interval (nilotinib and 
dasatinib); fluid retention and edema (imatinib and dasatinib); myelosuppression (imatinib, 
dasatinib and nilotinib), hepatotoxicity (imatinib and nilotinib), gastrointestinal irritation 
(imatinib), congestive heart failure, left ventricular dysfunction and myocardial infarction 
(dasatinib), hemorrhage (imatinib and dasatinib); and tumor lysis syndrome (nilotinib).  See 
Section 7.3.4. 
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Cardiac Disorders 
Myocardial infarction was a TEAE in eight patients.  All had previous medical history of at least 
one of the following: coronary artery disease, vascular hypertensive disorder, supraventricular 
arrhythmia or congestive heart failure.    
 
Congestive heart failure or left ventricular dysfunction occurred in 10 patients; each patient had 
a past medical history of heart disease or vascular hypertensive disorder. 
 
Atrial fibrillation occurred in 6 patients; each patient had a past medical history of heart disease 
or vascular hypertensive disorder. 
 
Pericardial effusion and pericardial hemorrhage will be presented in later paragraphs 
(Effusions and Hemorrhage) of this section. 
 
Reviewer Comment:  Although cardiac disorders occurred during treatment with bosutinib, all 
of the patients with cardiac disorders had pre-existing heart disease or risk factors.   
 
Hemorrhage 
Hemorrhage occurred in 79 patients (14%), was grade 3 or 4 in 13 patients (2%), and was a 
SAE in 18 patients (3%).  The most frequent site of hemorrhage was the gastrointestinal tract.  
Most hemorrhagic events were related to thrombocytopenia. 
 
Reviewer Comment:  Hemorrhage is an expected toxicity with thrombocytopenia.  
Thrombocytopenia is an expected finding in advanced stages of CML where the bone marrow 
precursors for platelet differentiation are crowded out by leukemic populations as well as a 
TEAE. 
 
Effusion 
Pleural effusions occurred in 43 (8%) patients, and was responsible for two discontinuations.  
Pericardial effusions occurred in 11 (2%) patients, and was responsible for two 
discontinuations.   
 
Edema 
Localized and peripheral edema occurred in 87 (15%) patients, and was grade 1 or 2 severity 
in 95% of patients.. 
 
Reviewer Comment:  Although the Applicant initially hypothesized that symptoms of fluid 
retention would occur less frequently with bosutinib because it does not interact with the PDGF 
receptor, symptoms of fluid retention occurred in 54% of patients treated with bosutinib. 
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Hematologic/myelosuppression 
Thrombocytopenia, neutropenia and anemia occurred in 40%, 14%, and 23% of patients 
respectively.  Grade 3 and 4 thrombocytopenia, neutropenia, and anemia occurred in 27%, 
10%, and 12% of patients respectively. 
 
Reviewer Comment: TEAEs of myelosuppression were not unexpected in patients with CML 
receiving TKI therapy. 
 
Liver Function 
Twenty percent of patients experienced elevation of one or more liver enzymes during 
treatment with bosutinib.  A third of the liver enzyme elevations were of grade 3 or 4 severity.  
Most patients were able to continue therapy after a dose hold or dose reduction.  A total of 18 
(3%) patients discontinued treatment due to liver enzyme elevations.  There were no Hy’s 
Laws cases in Trial 200. 
 
Reviewer Comment:  Although no Hy’s Law cases occurred in Trials 200, 3000 or 2406, one 
Hy’s Law case occurred in a patient with breast cancer who was receiving bosutinib in 
combination with letrozole.  The patient developed grade 4 elevations of ALT and AST one 
week after starting combination bosutinib and letrozole therapy.  The patient’s liver function 
tests returned to normal after discontinuation of bosutinib  therapy but continuation of letrozole.  
  
Infections 
Sixteen percent of patients experienced an SAE of infection.  Pneumonia was the infection 
which affected the most patients (35).  Bacteremia, septicemia or sepsis affected 19 patients.  
Urinary tract infections occurred in 8 patients and upper respiratory tract and gastrointestinal 
infections occurred in 6 patients each.   
 
Reviewer Comment: Serious infections occurred in 16 percent of patients; although serious, 
infections in myelosuppressed patients are not unexpected, and can be managed with 
appropriate anti-infective therapy. 
 
Rash  
Although 203 patients (36%) experienced rash as a TEAE, 36 (6%) were grade 3 or 4, and 
seven (1%) were SAEs. 
 
Reviewer Comment: Although rash occurred in more than a third of patients, 6 per cent were 
grade 3 or 4 and 1 per cent were SAEs.  There were no cases of Stevens Johnson Syndrome 
or other serious dermatologic conditions.   
 
Hypersensitivity 
Eight patients (1%) experienced symptoms of hypersensitivity, one patient had a dose 
reduction due to hypersensitivity, and one patient discontinued treatment.   Three patients 
(0.5%) who experienced a hypersensitivity SAE during treatment with bosutinib. 
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7.4.3 Vital Signs 

In trial 200, mean, median and changes from baseline in temperature, diastolic and systolic 
blood pressure and pulse rate during treatment with bosutinib were obtained.  There were no 
clinically meaningful changes observed in these parameters. 
 

7.4.4 Electrocardiograms (ECGs) 

Changes in ECGs that were considered to be abnormal were reported as adverse events and 
graded as per NCI CTCAE, v.3.0.  ECGs were obtained during screening, immediately prior to 
first dose and at hours 2, 4 and 6 post-dose, on day 21 before dose, and at hours 2, 4, 6 and 
20-23 post dose, and one week after completion of treatment.  As mentioned previously in this 
review, there were no cardiac events in patients without a pre-existing heart disease or risk 
factors. 

7.4.5 Special Safety Studies/Clinical Trials 

The Applicant submitted a thorough QT study that was reviewed by Venkatesh Bhattaram, 
M.D. of the FDA QT-Independent Review Team (IRT).  He concluded that bosutinib does not 
cause a significant prolongation of the QT interval.  For a detailed report, see his review. 
 
Reviewer Comment:  There have been no cardiac safety signals identified to date in the 
bosutinib development program. 

7.4.6 Immunogenicity 

There were no immunogenicity studies included in the application. 
 

7.5 Other Safety Explorations 

7.5.1 Dose Dependency for Adverse Events 

There were no exploratory analyses of dose dependency for adverse events. 

7.5.2 Time Dependency for Adverse Events 

There were no exploratory analyses of time dependency for adverse events. 

7.5.3 Drug-Demographic Interactions 

There were no drug-demographic interactions identified.   
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7.6.2 Human Reproduction and Pregnancy Data 

There have been no trials regarding human reproduction and pregnancy data. 

  7.6.3 Pediatrics and Assessment of Effects on Growth 

Bosutinib has not been studied in children. 
 

  7.6.4   Overdose, Drug Abuse Potential, Withdrawal and Rebound 

Overdoses have not been reported for bosutinib.  There is no abuse potential and withdrawal 
considerations are not relevant to the submitted trials.  

7.7 Additional Submissions / Safety Issues 

The 120-day safety update was submitted March 8, 2012 and included safety data analyses, 
and some patient narratives and CRFs.  It did not include datasets and narratives for all 
patients with SAEs.  The FDA review team requested the datasets and narratives, and the 
Applicant submitted all datasets and narratives on April 5, 2012.  The safety update was 
cumulative and updated safety information as follows: 
• Trial 200 safety data was extended from March 28, 2011 to August 25, 2011. 
• Trial 3000 safety data was extended from November 15, 2010 to August 29, 2011. 
• Trial 2203 safety data was extended from November 15, 2010 to August 15, 2011. 
 
The 120-day safety update provided no new safety signals. 
 

8 Postmarket Experience 
Bosutinib is a new molecular entity and has no postmarket experience.
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9.2   Labeling Recommendations 

There were extensive internal labeling discussions with all review disciplines.  Key  
clinical labeling recommendations included the following: 
• Addition of embryo-fetal warning in Warnings and Precautions 
• Removal of Sections 6.2 and 14.2.  Because Clinical Trial 3000 failed to meet its 

primary endpoint, superiority over imatinib, discussion of bosutinib in the treatment 
of patients with newly diagnosed CML cannot be included in the label.  

• The incidences of all TEAEs in the label have been adjusted upward.  The Applicant 
made attributions of relatedness to all TEAEs which resulted in smaller numbers; 
however because Trial 200 was a single arm trial and not a randomized, controlled 
trial, all TEAEs have been counted. 

Analysis of the Applicant’s Table of Adverse Reactions revealed that the incidence was 
similar between the second and third line CP CML populations.  FDA will recommend 
replacing the existing table with the following table: 
 
 
 
 

Reference ID: 3162984



Clinical Review 
Karen M. McGinn, M.S.N., C.R.N.P. 
NDA 203341 
Bosulif (bosutinib) 
 

73 

Table 32   Adverse Reactions that Occurred in > 20% of Patients in Phase 1/2 Safety 
Population 

 
SOC 
    Preferred Term 

CP CML 
N=406 
n (%) 

AP CML 
N=140 
n (%) 

 All 
Grades  

Grade  
3/4 

All 
Grades 

Grade 
3/4 

Gastrointestinal Disorders 
    Diarrhea 
    Nausea 
    Abdominal Pain 
    Vomiting 

 
343 (84) 
186 (46) 
169 (42) 
153 (38) 

 
107 (76) 

5 (1) 
7 (2) 
12 (3) 

 
107 (76) 
66 (47) 
41 (29) 
59 (42) 

 
7 (5) 
3 (2) 
7 (5) 
5 (4) 

Skin and Subcutaneous Disorders
     Rash  
     Pruritus 

 
156 (38) 
43 (11) 

 
33 (8) 
3 (4) 

 
54 (39) 
11 (8) 

 
6 (4) 

0 
Blood and Lymphatic System 
Disorders 
     Thrombocytopenia 
     Anemia 
     Neutropenia 

 
 

138 (34) 
79 (19) 
59 (15) 

 
 

91 (22) 
30 (7) 

40 (10) 

 
 

61 (44) 
51 (36) 
25 (18) 

 
 

54 (39)
36 (26)
24 (17)

General Disorders and 
Administrative Site Conditions 
      Fatigue 
      Pyrexia 
      Edema 

 
 

130 (32) 
93 (23) 
60 (15) 

 
 

9 (2) 
2 (<1) 
2 (<1) 

 
 

37 (26) 
52 (37) 
18 (13) 

 
 

37 (26)
52 (37)
18 (13)

Infections and Infestations 
      Upper respiratory tract infection 

 
98 (24) 

 
2 (<1) 

 
23 (16) 

 
0 

Investigations 
      Alanine aminotransferase 
increased 
      Aspartate aminotransferase 
increased 

 
81 (20) 
64 (16) 

 
30 (7) 
15 (4) 

 
14 (10) 
15 (11) 

 
7 (5) 
4 (3) 

Nervous System Disorders 
      Headache 

 
82 (20) 

 
3 (<1) 

 
25 (18) 

 
6 (4) 

Respiratory, Thoracic and 
Mediastinal Disorders 
      Cough 

 
 

80 (20) 

 
 
0 

 
 

30 (21) 

 
 

0 
CP CML = Chronic Phase CML; AP CML = Advanced Phase CML( includes patients 
with Accelerated Phase and Blast Phase CML 
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9.2 Advisory Committee Meeting 

There was no advisory committee meeting for this application; however a briefing 
document was prepared by the clinical team leader for an independent medical reviewer 
and expert in hematologic malignancies, Judith Karp, M.D.  In addition, the clinical team 
leader prepared a briefing document for a patient representative who will also provide 
an independent review.  As of the date of this review, Dr. Karp has not yet been cleared 
by the Advisors and Consultants staff to participate in the Divisional Assignment.    
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NDA/BLA Number: 203341 Applicant: Wyeth 
Pharmaceuticals 

Stamp Date: 11/17/2011 

Drug Name: Bosulif (Bosutinib) NDA/BLA Type:  

 
On initial overview of the NDA/BLA application for filing: 
 
 Content Parameter Yes No NA Comment 
FORMAT/ORGANIZATION/LEGIBILITY 
1. Identify the general format that has been used for this 

application, e.g. electronic CTD. 
X   eCTD 

2. On its face, is the clinical section organized in a manner to 
allow substantive review to begin? 

X    

3. Is the clinical section indexed (using a table of contents) 
and paginated in a manner to allow substantive review to 
begin?  

X    

4. For an electronic submission, is it possible to navigate the 
application in order to allow a substantive review to begin 
(e.g., are the bookmarks adequate)? 

X    

5. Are all documents submitted in English or are English 
translations provided when necessary? 

X    

6. Is the clinical section legible so that substantive review can 
begin? 

X    

LABELING 
7. Has the applicant submitted the design of the development 

package and draft labeling in electronic format consistent 
with current regulation, divisional, and Center policies? 

X    

SUMMARIES 
8. Has the applicant submitted all the required discipline 

summaries (i.e., Module 2 summaries)? 
X    

9. Has the applicant submitted the integrated summary of 
safety (ISS)? 

X    

10. Has the applicant submitted the integrated summary of 
efficacy (ISE)? 

X    

11. Has the applicant submitted a benefit-risk analysis for the 
product? 

X    

12. Indicate if the Application is a 505(b)(1) or a 505(b)(2).  If 
Application is a 505(b)(2) and if appropriate, what is the 
reference drug? 

X   505(b) (1) 

DOSE 
13. If needed, has the applicant made an appropriate attempt to 

determine the correct dosage and schedule for this product 
(i.e., appropriately designed dose-ranging studies)? 
Study Number: 3160A4-200-WW 
Study Title: A Phase ½ Study of SKI-606 in Philadelphia 
Chromosome Positive Leukemias 
Sample Size:  571             Arms: 1 
Location in submission:  Module 5 

X    

EFFICACY 
14. Do there appear to be the requisite number of adequate and 

well-controlled studies in the application? 
 
Pivotal Study #1 
Indication: Treatment of chronic, accelerated, or blast 

 
 
 
X 

  
 
 
 
 

1 Single-arm, 
multicenter, 
multination-al trial 
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 Content Parameter Yes No NA Comment 
phase Philadelphia chromosome positive CML in patients 
with resistance or intolerance to prior therapy. 
 
Pivotal Study #2 
Indication: 

 
 
 
X 

15. Do all pivotal efficacy studies appear to be adequate and 
well-controlled within current divisional policies (or to the 
extent agreed to previously with the applicant by the 
Division) for approvability of this product based on 
proposed draft labeling? 

X   1 Single-arm, 
multicenter, 
multinational trial 

16. Do the endpoints in the pivotal studies conform to previous 
Agency commitments/agreements?  Indicate if there were 
not previous Agency agreements regarding 
primary/secondary endpoints. 

X    

17. Has the application submitted a rationale for assuming the 
applicability of foreign data to U.S. population/practice of 
medicine in the submission? 

  X 26% of patients were 
from the US  

SAFETY 
18. Has the applicant presented the safety data in a manner 

consistent with Center guidelines and/or in a manner 
previously requested by the Division? 

X    

19. Has the applicant submitted adequate information to assess 
the arythmogenic potential of the product (e.g., QT interval 
studies, if needed)? 

X    

20. Has the applicant presented a safety assessment based on all 
current worldwide knowledge regarding this product? 

X    

21. For chronically administered drugs, have an adequate 
number of patients (based on ICH guidelines for exposure1) 
been exposed at the dose (or dose range) believed to be 
efficacious? 

X    

22. For drugs not chronically administered (intermittent or 
short course), have the requisite number of patients been 
exposed as requested by the Division? 

  X  

23. Has the applicant submitted the coding dictionary2 used for 
mapping investigator verbatim terms to preferred terms? 

 X  An Information 
Request has been sent 
to the Sponsor 
12/21/2011. 

24. Has the applicant adequately evaluated the safety issues that 
are known to occur with the drugs in the class to which the 
new drug belongs? 

X    

25. Have narrative summaries been submitted for all deaths and 
adverse dropouts (and serious adverse events if requested 
by the Division)? 
 

X X   

                                                 
1 For chronically administered drugs, the ICH guidelines recommend 1500 patients overall, 300-600 
patients for six months, and 100 patients for one year. These exposures MUST occur at the dose or dose 
range believed to be efficacious. 
2 The “coding dictionary” consists of a list of all investigator verbatim terms and the preferred terms to 
which they were mapped. It is most helpful if this comes in as a SAS transport file so that it can be sorted 
as needed; however, if it is submitted as a PDF document, it should be submitted in both directions 
(verbatim -> preferred and preferred -> verbatim). 
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 Content Parameter Yes No NA Comment 
OTHER STUDIES 
26. Has the applicant submitted all special studies/data 

requested by the Division during pre-submission 
discussions? 

X    

27. For Rx-to-OTC switch and direct-to-OTC applications, are 
the necessary consumer behavioral studies included (e.g., 
label comprehension, self selection and/or actual use)? 

  X  

PEDIATRIC USE 
28. Has the applicant submitted the pediatric assessment, or 

provided documentation for a waiver and/or deferral? 
X    

ABUSE LIABILITY 
29. If relevant, has the applicant submitted information to 

assess the abuse liability of the product? 
  X  

FOREIGN STUDIES 
30. Has the applicant submitted a rationale for assuming the 

applicability of foreign data in the submission to the U.S. 
population? 

  X  

DATASETS 
31. Has the applicant submitted datasets in a format to allow 

reasonable review of the patient data?  
 X  The Sponsor has 

agreed to resubmit the 
data in a format that 
will allow a more 
expeditious review by 
COB 12/23/2011. 

32. Has the applicant submitted datasets in the format agreed to 
previously by the Division? 

  X There was no prior 
discussion with the 
Division. 

33. Are all datasets for pivotal efficacy studies available and 
complete for all indications requested? 

X    

34. Are all datasets to support the critical safety analyses 
available and complete? 

X    

35. For the major derived or composite endpoints, are all of the 
raw data needed to derive these endpoints included?  

X    

CASE REPORT FORMS 
36. Has the applicant submitted all required Case Report Forms 

in a legible format (deaths, serious adverse events, and 
adverse dropouts)? 

 X  The Sponsor 
submitted CRFs for 
SAEs attributed to the 
test article only.  Since 
the trial was a single 
arm trial, the Sponsor 
will be asked to 
submit CRFs for all 
SAEs. An IR has been 
sent to the Sponsor 
12/21/2011. 

37. Has the applicant submitted all additional Case Report 
Forms (beyond deaths, serious adverse events, and adverse 
drop-outs) as previously requested by the Division? 

  X  

FINANCIAL DISCLOSURE 
38. Has the applicant submitted the required Financial 

Disclosure information? 
X    

GOOD CLINICAL PRACTICE 
39. Is there a statement of Good Clinical Practice; that all X    
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 Content Parameter Yes No NA Comment 
clinical studies were conducted under the supervision of an 
IRB and with adequate informed consent procedures? 

 
IS THE CLINICAL SECTION OF THE APPLICATION FILEABLE? _Yes___ 
 
If the Application is not fileable from the clinical perspective, state the reasons and provide 
comments to be sent to the Applicant. 
 
 
Please identify and list any potential review issues to be forwarded to the Applicant for the 74-
day letter. 
 
 
 
 
 
 
 
 
 
 
 
Reviewing Medical Officer      Date 
 
 
Clinical Team Leader       Date 
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