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Glossary  

AC  advisory committee 
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CRT  clinical review template 
CSR  clinical study report 
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DMC  data monitoring committee 
DMEPA  Division of Medication Error Prevention and Analysis 
DMPH   Division of Maternal and Pediatric Health 
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eCTD  electronic common technical document 
EFS   event-free survival 
ETASU  elements to assure safe use 
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FDA  Food and Drug Administration 
FDAAA  Food and Drug Administration Amendments Act of 2007 
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Dasatinib is an approved drug for multiple adult and pediatric indications (see 3.1, U.S. 
Regulatory Actions and Marketing History). Supplemental NDA 021986/021 was submitted for 
the proposed indication of the treatment of “pediatric patients with newly diagnosed 
Philadelphia chromosome-positive (Ph+) acute lymphoblastic leukemia (ALL) in combination 
with chemotherapy” using a dose of 40, 60, 70 or 100 mg daily for patients 10 to <20 kg, 20 to 
<30 kg, 30 to <45 kg and >45 kg, respectively. 
 
Also included with this submission was a request for pediatric exclusivity, which was granted by 
the exclusivity board on 9/27/2018. See Appendix 13.4 for a detailed review of the response to 
the written request.  

2.2. Conclusions on the Substantial Evidence of Effectiveness  

The review team recommends regular approval of dasatinib for the indication “pediatric 
patients 1-year of age or older with newly diagnosed Philadelphia chromosome-positive (Ph+) 
acute lymphoblastic leukemia (ALL) in combination with chemotherapy” using a dose of 40, 60, 
70 or 100 mg daily for patients 10 to <20 kg, 20 to <30 kg, 30  to <45 kg and >45 kg, 
respectively. The recommendation is based on the finding of 3-year Event Free survival (EFS) of 
patients treated on Study CA180372 (NCT01460160). 
 
The development of a pediatric formulation that will make the agent available to younger 
pediatric patients who cannot swallow tablets is already being undertaken by the applicant, and 
the goal of a post-marketing commitment associated with this approval.  
 
Study CA180372 was a phase 2, multicenter, non-randomized, open-label, historically-
controlled study comparing outcomes for pediatric patients more than 1 to less than 18 years 
of age with newly diagnosed Ph+ ALL treated with dasatinib added to standard chemotherapy 
(“cohort 1”), using the AIEOP-BFM ALL2000 backbone, to those of 2 historical control groups: 
those treated with the chemotherapy backbone alone, without a tyrosine kinase inhibitor (TKI; 
“cohort 2”), and those treated with the same backbone in combination with imatinib (“cohort 
3”), another TKI that inhibits BCR/ABL.   Dasatinib was given orally at a dose of 60mg/m2 once 
daily starting on day 15 of Induction block IA, after Philadelphia chromosome positivity was 
confirmed, continuously with the AIEOP-BFM ALL2000 multiagent chemotherapy backbone (see 
Appendix 14.3) for a total of 2 years. Subjects who had minimal residual disease (MRD) above 
pre-defined thresholds at the end of induction/start of consolidation and/or at the end of 
consolidation, and who had a genotype-matched donor (9/10 or 10/10) were to undergo 
hematopoietic stem cell transplantation (HSCT) following consolidation block 3 (HR3) instead of 
continuing the AIEOP-BFM ALL 2000 regimen. Patients who underwent HSCT could receive an 
additional optional course of dasatinib monotherapy at the same 60mg/m2 daily dose for up to 
12 months.  

The study design included hierarchical testing of the 3-year binomial EFS rate in patients 
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treated with dasatinib and the AIEOP-BFM ALL2000 backbone in comparison to 3-year EFS from 
2 sets of historical controls:  those of cohort 2 (the backbone alone), testing superiority, 
followed by those of cohort 3 (the backbone in combination with imatinib), testing non-
inferiority and superiority (using a margin of -5%). The applicant was informed by the steering 
committees of both historical control studies in 2013 that they would not be able to provide 
patient-level data for either study to allow for a rigorous statistical comparison between the 
dasatinib cohorts and the other cohorts, a major deficiency of the study design. They did 
commit to providing trial level data for both studies, and this was included with the sNDA 
submission (see limitations in section 6.2). According to the statistical analysis plan for 
CA180372, “the main intention of the evaluation for "superiority" and "non-inferiority" versus 
the historical control studies is a way to provide context for the EFS results from the single-arm 
study CA180372 in the absence of a control arm. (See sections section 4.1 and 4.2, for full 
details regarding the pre-submission history of this development program). At the time of the 
final analysis, there were 106 patients treated on Study CA180372. The 3-year binomial EFS rate 
for these patients was 66% (95% CI:56.2, 75.0), compared with a 3-year binomial EFS rate of 
49.2% (95% CI:36.1, 62.3) for cohort 2 and 59.1% (95% CI: 50.4, 67.4) for cohort 3. See section 
6.1.2 Study Results, Efficacy Results – Primary Endpoint, for more details regarding the efficacy 
evaluation. 

For the purposes of establishing efficacy in the intended population, FDA’ s analysis included 
only patients treated with tablet form of dasatinib exclusively (N=82), and for whom a diagnosis 
of Ph+ ALL was adjudicated and confirmed by the clinical reviewer (N= 78).   
 
The FDA Efficacy Analysis Population (EAP) included 78 patients with a median age of 10.5 years 
(range 2.6-17.9 years); 46% were < 10 years old, 45% were male, and 82% were white. All 
patients had precursor B-cell immunophenotype, 57% had high risk disease per NCI risk 
stratification, 41% had a WBC of >50,000/mcl at diagnosis, and 22% had extramedullary 
disease, including 17% with CNS involvement. Fifteen percent of patients proceeded to 
allogeneic HSCT transplantation, all in first remission (CR1).  
 
The 3-year binomial EFS rate as adjudicated by the FDA clinical reviewer was 64.1% (95% CI: 
52.4%, 74.7%). The Kaplan-Meier estimate for 3-year EFS was 63.3% (95% CI: 51.4%, 73%). The 
lack of an adequate set of covariates in cohorts 2 and 3, in addition to their  small sample sizes, 
precluded using a rigorous statistical approach such as a propensity score analysis to create  
treatment groups with adequately similar characteristics to allow for comparison between the 
3-year EFS of cohort 1 and the historical control cohorts 2 and 3. However, FDA did receive a 
limited patient level dataset for both the AIEOP-BFM ALL study and the amended EsPhALL study 
to enable performance of various descriptive analyses (e.g. K-M EFS estimates and the 95% CI), 
and allow for a more accurate comparison of the EFS estimates between the cohorts, using the 
same EFS definition, than that which could be gleaned from trial level data alone. See Section 
7.1, for more details regarding the use of these data and their quality. 
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Supporting evidence for the efficacy of dasatinib in pediatric patients with newly diagnosed Ph+ 
ALL came from Study CA180204 (NCT00720109) a multicenter, open-label, non-randomized 
phase 1/2 study evaluating dasatinib given continuously or intermittently in combination with 
the COG AALL0031 multiagent chemotherapy backbone to pediatric and young adult patients 
with newly diagnosed Ph+ ALL. The reported K-M estimated EFS rate of 68.4% (95% CI 48.3%, 
88.6%) is limited by small numbers, 2 dosing regimens, and early closure of the trial to start 
enrollment on the pivotal study CA180372 described above but supports the contribution of 
dasatinib to this backbone when compared to the reported literature regarding the outcomes 
seen with multiagent chemotherapy alone, with or without allogeneic HSCT. 
 
In general, a time-to-event endpoint such as EFS in a single-arm trial is difficult to 
interpret. Patient-level data was submitted by the cooperative groups for the historical control 
arms, but these data had limitations with regard to content and confirmation for the derived 
values, and the data for the non-TKI group included a small number of patients, precluding 
propensity score analyses that would enable robust statistical comparisons between the 
cohorts as described above. Nonetheless, it is acknowledged that the estimated median EFS for 
the patients treated on CA180372 was substantially greater than expected based on the 
outcomes reported on the AIEOP-BFM ALL2000 study and those reported in the literature for 
patients treated with multiagent chemotherapy with or without allogeneic HSCT. Since the 
majority of patients on Study CA180372 did not undergo subsequent allogeneic HSCT these 
results are particularly striking, as most of the patients treated with AIEOP-BFM ALL2000 did 
undergo HSCT and still, the results with dasatinib were more favorable, supporting the notion 
that dasatinib improves outcomes over chemotherapy alone and may spare patients the need 
to undergo allogeneic HSCT, a treatment modality with not insignificant associated short- and 
long-term morbidity and mortality. The plausibility of these results is supported by the 
demonstration of efficacy based on achievement of Major hematologic response (MaHR) in 
adult patients with imatinib-resistant or intolerant Ph+ ALL, as well as in adult patients with 
accelerated or lymphoid blast phase Ph+ CML with resistance to or intolerance to prior therapy 
including imatinib, and pediatric patients with Ph+ CML in chronic phase.  
 
For the proposed indication, 3-year EFS alone in a single-arm trial would not be sufficient to 
support the approval of dasatinib in combination with multiagent chemotherapy in the 
proposed population. But when taken together with the patient-level data provided for the 
historical controls, and with the striking results seen, in the context of a drug with established 
clinical benefit in patients with more advanced (relapsed/refractory) disease (adult Ph+ ALL) 
and diseases with related biology (CML), the totality of the data provides substantial evidence 
of effectiveness. 
  

2.3. Benefit-Risk Assessment 
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2.4. Patient Experience Data

 

Patient Experience Data Relevant to this Application (check all that apply) 
□ The patient experience data that was submitted as part of the 

application include: 
Section where discussed, 
if applicable 

 □ Clinical outcome assessment (COA) data, such as [e.g., Sec 6.1 Study 
endpoints] 

   □ Patient reported outcome (PRO)  
  □ Observer reported outcome (ObsRO)  
  □ Clinician reported outcome (ClinRO)  
  □ Performance outcome (PerfO)  
 □ Qualitative studies (e.g., individual patient/caregiver interviews, 

focus group interviews, expert interviews, Delphi Panel, etc.) 
 

 □ Patient-focused drug development or other stakeholder meeting 
summary reports 

[e.g., Sec 2.1 Analysis of 
Condition] 

 □ Observational survey studies designed to capture patient 
experience data 

 

 □ Natural history studies   
 □ Patient preference studies (e.g., submitted studies or scientific 

publications) 
 

 □ Other: (Please specify)   
□ Patient experience data that were not submitted in the application, but were  

considered in this review:  
  □ Input informed from participation in meetings with patient 

stakeholders  
 

  □ Patient-focused drug development or other stakeholder 
meeting summary reports 

[e.g., Current Treatment 
Options] 

  □ Observational survey studies designed to capture patient 
experience data 

 

  □ Other: (Please specify)  
X Patient experience data was not submitted as part of this application.  

 

3. Therapeutic Context 
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3.1. Analysis of Condition 

Ph+ ALL is characterized by the presence of the Philadelphia chromosome, a reciprocal 
translocation between chromosomes 9 and 22 (t(9;22)(q34;q11)) resulting in the fusion of the 
breakpoint cluster region gene on chromosome 22 with c-abl gene sequences translocated 
from chromosome 9 and the expression of the BCR-ABL tyrosine kinase. 
 
Ph+ ALL is a subtype of very high risk ALL that has been reported to account for approximately 
3-4% of childhood ALL (Bernt and Hunger, 2014). Historically, fewer than one third of children 
with this leukemia were cured with intensive multi-agent chemotherapy, in contrast to the 
approximately 90% overall survival seen in the general pediatric ALL population (Pui, 2015). 
Because of the dismal prognosis of pediatric patients with Ph+ ALL, HSCT in first remission has 
been considered standard of care (SOC), especially for those children with available HLA-
matched family donors (Arico, 2010). 
 
Chemotherapeutic agents commonly included in very high risk ALL therapy include: 
• corticosteroids (prednisone or dexamethasone) 
• vincristine 
• asparaginase 
• anthracycline (daunorubicin) 
• methotrexate 
• mercaptopurine 
• cytosine arabinoside 
• etoposide 
• ifosfamide 
• cyclophosphamide 
• intrathecal medications (methotrexate, hydrocortisone, cytosine arabinoside) 
 
These agents are administered in cycles of therapy. When part of Children’s Oncology Group 
(COG) very high-risk protocols, the largest cooperative group enrolling patients in the US, these 
cycles typically included: 
• Induction (administered prior to enrollment on the trial) 
• Consolidation 
• Reinduction #1 
• Intensification #1 
• Reinduction #2 
• Intensification #2 
• Maintenance 
 
When administered as part of European protocols by the various European cooperative groups 
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(AIEOP, BFM, MRC etc.), these cycles included: 
• Induction IA, starting with a prednisone only “prophase” for the first 7 days 
• Consolidation (IB) (#1) 
• High Risk (Consolidation #2, consisting of HR blocks 1, 2 and 3) 
• Reinduction #1 
• Interim Maintenance  
• Reinduction #2 
• Continuation (maintenance) 

In both approaches, HSCT candidates are ideally taken to transplant after their second (COG) or 
third (AIEOP-BFM, HR3) cycle of consolidation.  

While there are many similarities between these approaches, it is noted that there are some 
differences in intensity between the regimens (see 6.1.1, Study design for details).  

Given the dismal results seen with multiagent chemotherapy, even when followed by allogeneic 
HSCT, for pediatric patients with newly diagnosed Ph+ ALL, the publication of the results of the 
COG study of the first approved TKI targeting the activity of BCR-ABL, imatinib, Study AALL0031, 
were transformative.  Based on the results of this trial, the international pediatric oncology 
community including those in the United States consider treatment with a TKI to be standard 
therapy for newly diagnosed patients with Ph+ ALL (Hunger S. P., 2011), and imatinib was 
approved for this indication (GLEEVEC prescribing information). Recent literature suggests that 
the use of TKIs in combination with multiagent chemotherapy in adults with Ph+ ALL abrogates 
the poor prognosis associated with this translocation (Igwe, 2017). 
 
Dasatinib is a potent, broad-spectrum, competitive inhibitor of multiple oncogenic tyrosine 
kinases and kinase families, including BCR-ABL, SRC, c-KIT, platelet-derived growth factor 
receptor (PDGFR), and ephrin receptor kinases. Dasatinib is ~325-fold more potent than 
imatinib in inhibiting BCR-ABL in vitro. This second generation TKI was first approved for use 
in 2006 under the accelerated approval regulations for the treatment of adults with chronic, 
accelerated or blast phase chronic myelogenous leukemia (CML) with resistance or intolerance 
to prior therapy, as well as for the treatment of adults with Ph+ ALL with resistance or 
intolerance to prior therapy. In October 2010, dasatinib was approved for the treatment of 
adults with newly diagnosed Ph+ CML in chronic phase. In November 2017, dasatinib was 
approved for the treatment of pediatric patients with Ph+ CML in chronic phase.  See section 
3.1, below for more details.  
 

3.2. Analysis of Current Treatment Options 
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Elspar®       
asparaginase 

Elspar is an asparagine specific enzyme indicated as a component of 
a multi-agent chemotherapeutic regimen for the treatment of 
patients with ALL 

1978 

Doxorubicin 
(Adriamycin)  

To produce regression in disseminated neoplastic conditions such 
as acute lymphoblastic leukemia 

1974 

Vincristine injection Indicated in acute leukemia 1963 
Cyclophosphamide 
(capsule, injection) 

Cyclophosphamide, although effective alone in susceptible 
malignancies, is more frequently used concurrently or sequentially 
with other antineoplastic drugs. The following malignancies are 
often susceptible to cyclophosphamide treatment: acute 
lymphoblastic (stem-cell) leukemia in children 

1959 

Methotrexate Used in maintenance therapy in combination with other   
chemotherapeutic agents. 

1959 

Dexamethasone 
(Oral, injection)   

For palliative management of leukemias and lymphomas in adults, 
acute leukemia of childhood 

1959 

Prednisone  Palliation of leukemias in adults, acute leukemia of childhood 1955 
Mercaptopurine Maintenance therapy of acute (lymphocytic, lymphoblastic) 

leukemia as part of a combination regimen 
1953 

Source: FDA Clinical Reviewer 
 
As stated above, outcomes using any of the multiple chemotherapy agents approved for the 
treatment of pediatric patients with ALL without a TKI are poor, and SOC since the results of the 
imatinib study were published includes TKI in combination with multiagent chemotherapy. 
Although the role of allogeneic HSCT in first CR this context has been questioned in light of the 
results of the COG study AALL0031, which demonstrated that outcomes in patients who 
underwent allogeneic HSCT after imatinib therapy were similar to those who did not (Schultz, 
2014), this has not been definitively proven (reviewed in Bleckmann and Schrappe, 2016) and 
remains largely a matter of institutional policy, depending on other factors such as early 
response to therapy and MRD results.  
 
Particularly noteworthy is that in a literature review performed by the FDA reviewer during the 
submission of NDA 21588, supplement 37 for imatinib for the treatment of pediatric patients 
with Ph+ ALL in combination with multiagent chemotherapy. In 7 single institution reports in 
which at least 20 pediatric patients with Ph+ ALL were treated with multiagent chemotherapy 
between 1984 and 2001, the 4-5 year EFS rates range from 20 to 44%, and in pooled multi-
institutional data from 326 such patients treated between 1986 and 1996, , the 5 year EFS was 
28%, and in 610 patients treated between 1995 and 2005, the 5-year EFS was 44% (95% CI 41, 
46%) in patients who underwent allogeneic HSCT, and 34% (95% CI 31, 38%) in those who 
received chemotherapy alone (See review, PDinndorf, Reference ID 3233510).  
 
In addition to the multiple chemotherapy agents approved for pediatric ALL, and imatinib, 
approved for pediatric patients with newly diagnosed Ph+ ALL in combination with 
chemotherapy as summarized in Table 1, multiple other BCR/ABL targeting TKIs are approved 
for other indications, as summarized in Table 2. Only nilotinib is approved for the treatment of 
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• Their interpretation of the FDA’s acceptance of the use of “descriptive analysis” on study 
CA180372 in Amendment 5 of the WR.  

• The availability of the contemporaneously-conducted amended EsPhALL study using the 
same chemotherapy backbone such that these results could serve as a “valid external 
historical control” for CA180372. 

• The availability of data from the AIEOP-BFM ALL 2000 as an external control study. 
• The conduct of CA180372 was in close collaboration with the two primary investigators 

from COG and EsPhALL, and they claim that both AIEOP-BFM ALL 2000 and emended 
EsPhALL were “single-arm trials of comparable disease and clinical setting using the same 
backbone chemotherapy, and [with] EFS as the primary outcome measure.”  

 
Clinical Reviewer Comment: There is no documentation of the teleconference referred to the 
by the applicant on 3/18/2014 regarding discussion of the 3rd bullet. In any case, as stated 
above, at the pre-NDA meeting in 2/2018, the Agency expressed concerns regarding 
interpretability of a historically controlled study with a TTE endpoint. 
 

4.3. Foreign Regulatory Actions and Marketing History 

Pediatric clinical development was initiated in 2009 in the EU, where it is authorized for use in 
the treatment of adults with newly diagnosed Ph+ CML in CP, CML in CP, AP or BP with 
resistance or intolerance to prior therapy including imatinib mesylate, Ph+ ALL and lymphoid BP 
CML with resistance or intolerance to prior therapy, and for pediatric patients with newly 
diagnosed Ph+ CML in CP or Ph+ CML-CP resistant or intolerant to prior therapy including 
imatinib. Pediatric clinical development is in accordance with the European Pediatric 
Investigational Plan (PIP) for CML and Ph+ ALL (EMEA-000567-PIP01-09-M04). 

5. Significant Issues from Other Review Disciplines Pertinent to Clinical 
Conclusions on Efficacy and Safety 

5.1. Office of Scientific Investigations (OSI) 

The Office of Scientific Investigations conducted inspections for Study CA180372 at clinical sites 
in Indianapolis, Illinois (Site #30, Riley Hospital for Children) and Houston, TX (Site #10, Baylor 
College of Medicine). These sites had the highest accrual and were significantly higher than at 
the other sites (5 vs 1-2 patients/site), such that they had the greatest impact on the study 
outcomes. 
 
The Inspection of Site #30 resulted in issuance of a Form 483 due to finding that the site failed 
to follow protocol-delineated SAE reporting requirement with regard to the timeline (24 hours) 
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for this reporting. Although one patient had 2 SAEs that were not reported within the 24 hours 
timeframe, both SAEs were eventually reported to the sponsor. The PI at site #30 (Dr. Sandeep 
Batra) responded adequately to the Form 483 on 9/28/2018. Clinical Site #10 did not have any 
form F483 issued and appeared to be in compliance with GCP.  

5.2. Product Quality  

No new CMC data were submitted with this supplement. 

5.3. Clinical Microbiology 

No new microbiology data were submitted with this supplement.  

5.4. Nonclinical Pharmacology/Toxicology 

No new pharmacology/toxicology data were submitted with this supplement. 

5.5. Clinical Pharmacology 

In the Clinical Pharmacology review of the sNDA for the pediatric CML indication, the review 
team noted that while BSA-based dosing was used throughout the pediatric development 
program, the actual dose used in practice is limited by the commercially available dasatinib 
tablet dosing strengths (20, 50, 70, 80 and 100 mgs; see DARRTS ID 4164247, Yuhong Chen, 
10/6/2017 for details). They consequently evaluated the applicant’s proposal for flat dosing for 
specific body-weight categories (10 to less than 20 kg, 20 to less than 30 kg, etc.; so-called 
“weight-tiered (WT) dosing”), and found that with some adjustment to the categories, WT 
dosing provided similar exposures (defined as within 20% of the target exposure for the 
geometric mean of simulated steady-state exposure) as seen with the BSA-based dosing used in 
the pediatric CML protocols.  
 
In the pediatric Ph+ ALL protocols used to support the current indication, the dosing for both 
tablet and PFOS formulations was the same as that used for the tablet formulation in the 
pediatric CML protocols, namely 60 mg/m2/day. Per protocol, the dose was to be rounded up to 
the nearest 5 mg because the protocol also used investigational tablets of 5mg of dasatinib, 
which are not approved for clinical use (the applicant did not submit this formulation for review 
by the Agency). 

 
Clinical reviewer comment: Given the PK findings above and the same considerations with 
regard to dosing confusion taken into account during the pediatric CML supplement review 
and approval, the proposal for WT dosing for the pediatric Ph+ ALL indication appears 
reasonable. 
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6.2. Review Strategy 

The key materials used for the review of efficacy and safety include: 
• NDA 021986/s021, including the data submitted as part of the initial sNDA as well as 

responses to Agency IRs 
• Relevant published literature 
• Relevant information in the public domain 
• Very limited descriptions of summary, trial- level data for the historical control cohorts 2 

and 3 on the pivotal study CA180372 were submitted as part of this sNDA by the applicant, 
with an explanation that their requests to obtain more detailed and/or patient-level data 
from these cohorts from the cooperative group steering committees  were denied to due 
consent issues (Page 74 of the final CSR for CA180372). 

o In an attempt to obtain more robust trial-level and patient level data to allow for a 
comprehensive review of the results from CA180372 in an informed clinical context, 
the Agency requested these data from a third party. 
 Limited patient-level data (see section 6.1.2) from both studies were 

provided by the third party vie email on 11/26/2018. Of note, the applicant 
does not have access to these data.  

 These data were used as part of the efficacy review as well. 

The review of efficacy was primarily based on analysis of Study CA180372, with supportive data 
from CA180204.  

Results from both CA180372 and CA180204 were used to support the analysis of safety. Review 
emphasis was placed on safety data from the patients on CA180372 treated at the proposed 
dose and schedule of dasatinib tablet in combination with the AIEOP-BFM ALL2000 multiagent 
chemotherapy backbone, but pooled safety data were from all patients on CA180372 as well as 
patients on CA180204 were used to evaluate for potential safety signals.  

All major efficacy and safety analyses were reproduced or audited. Summaries of data and 
statistical analyses by the clinical reviewer were performed using JMP13.0 (SAS Institute, Inc., 
Cary, NC). MedDRA Adverse Events Diagnostic 1.3 (MAED) (FDA, Silver Spring, MD) was used to 
look for safety signals. For the results of the primary efficacy analysis the methodologies used 
by the statistical reviewer were SAS 9.4. 

7. Review of Relevant Individual Trials Used to Support Efficacy 
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7.1. CA180372: A Phase 2 Multi-Center, Historically-Controlled Study of Dasatinib 
Added to Standard Chemotherapy in Pediatric Patients with Newly Diagnosed 
Philadelphia Chromosome Positive Acute Lymphoblastic Leukemia 

7.1.1. Study Design 

Overview and Objective 

CA180372 is an open-label, multi-center, historically-controlled, Phase 2 study of dasatinib 
added to successive blocks of standard multi-agent chemotherapy (AIEOP-BFM ALL 2000 
regimen) in children and adolescents with newly diagnosed Ph+ ALL.  
 
The primary objective of the study was to compare the 3-year EFS of dasatinib plus 
chemotherapy (cohort 1) with external cohorts, in hierarchical order, as follows: 
1) Superiority over chemotherapy alone of AIEOP-BFM 2000 (cohort 2) 
2) Non-inferiority to continuous imatinib plus chemotherapy of the amended EsPhALL trial 
(cohort 3) 
3) Superiority over continuous imatinib plus chemotherapy of the amended EsPhALL Trial 
(cohort 3) 
 
The trial was to be considered positive if at least the first two comparisons are statistically 
significant (see statistical analysis plan and comments). 
 
The key secondary objectives were: 
1. To determine the safety and feasibility of dasatinib added to standard chemotherapy 
2. To estimate the EFS of dasatinib plus chemotherapy (including 3- and 5-year rates) 
3. To estimate complete remission (CR) rates (defined as < 5% blasts in the bone marrow and 
no peripheral blasts) at the end of induction 
 
Other secondary objectives were to estimate: 
1. The difference in 3-year EFS rate with the 3-year EFS rate of available historical controls 
such as the COG AALL0031 study 
2. MRD levels (defined by PCR detection of clone-specific immunoglobulin (Ig) and T-cell 
Receptor (TCR) gene rearrangements) 
3. BCR-ABL mutation status at baseline and time of disease progression or relapse 
 
Statistical Reviewer Comment: For the purposes of this review and for labeling, we used the 3-
year binomial EFS rate of dasatinib in combination with multiagent chemotherapy in the 
tablet only group of patients with Ph+ ALL as confirmed by the clinical reviewer based on the 
data submitted as the primary efficacy endpoint for efficacy evaluation.  
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Trial Design 

The Study schema is shown in Figure 1.  Children and adolescents (> 1 year and < 18 years old) 
with newly diagnosed Ph+ ALL were treated with dasatinib at 60 mg/m2/day orally added to 
successive blocks of standard multi-agent chemotherapy (AIEOP-BFM ALL 2000 regimen) for a 
maximum duration of 2 years. Initially, at least 75 pediatric subjects were planned to be treated 
with dasatinib and evaluable for the primary endpoint, including at least 20 pediatric subjects 
evaluable for the primary endpoint in each of the following age ranges: 1 to less than 12 years 
and 12 to less than 18 years. 

Subjects began frontline induction chemotherapy (Block IA) prior to enrollment in this study 
based upon the investigator’s institutional standard of care. Subjects with confirmed Ph+ ALL 
were enrolled in the study, and at day 15 dasatinib treatment began and continued without 
planned interruption until the completion of therapy (102 weeks). 
 

Figure 1. Study Schema, CA180372 

 

Source: Applicant’s CSR, CA180372, Figure 3.1-1, page 36 
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The components of treatment are divided into blocks as follows: 
• Induction IA (4 - 5 weeks) 
• Induction IB (28 days, 4 weeks) 
• Recovery period (Dasatinib continues, no chemotherapy given;2 - 4 weeks) 
• Consolidation blocks 1, 2, and 3 (21 days, 3 weeks each) 
• Reinduction block 1, including phase IIA and IIB (63 days, 9 weeks) 
• Interim maintenance (29 days, 4 weeks) 
• Reinduction block 2 (63 days, 9 weeks) 
• Continuation therapy (62 weeks) 
 
These blocks included the following groups of multiagent chemotherapy: 
 

 
Source: Applicant CSR Table 4.1.2, page 38. 

 
For a summary of exact day and doses of each of the chemotherapy components, including 
hematologic parameters required for the start of each cycle, see Appendix 13.4. 
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Subjects who met the pre-defined MRD criteria listed below prior to the start of the first 
consolidation block (HR1) or after the completion of the third consolidation block (HR3) of 
chemotherapy and had a genotype-matched donor (9/10 or 10/10) were to undergo allogeneic 
HSCT after HR3 instead of continuing the AIEOP-BFM ALL 2000 regimen, although they could 
continue on protocol specified therapy while awaiting HSCT. Following engraftment in patients 
who underwent HSCT, patients had the option of treatment with dasatinib for up to 12 
additional months, at the discretion of the treating investigator.  
 
MRD criteria for HSCT referred to above were: 
• End of IB/start of HR3: MRD ≥ 0.05% (5 x 10-4) by Ig/TCR PCR 

o For patients without informative Ig/TCR PCR results: <3-log reduction in MRD as 
measured by RQ-PCR for BCR-ABL 
 For patients without informative PCR results, flow cytometry results for MRD 

using the Ig/TCR thresholds above were used. 
OR 
• End of IB/start of HR1 MRD between 0.005-0.05% (5 x 10-5 to 5 x 10-4; including “positive but 

< quantitative range with an assay with a quantitative range of higher than 10-5) by Ig/TCR 
PCR and MRD at end of consolidation block 3 (HR3)/start of reinduction block 1 remains 
positive at any detectable level (providing the assay limit is at least 0.1%). 

o For patients with uninformative Ig/TCR PCR results, positive MRD by RQ-PCR for 
BCR-ABL was used. 
 For patients with uninformative data from either PCR, flow cytometry was 

used with the same criteria as for Ig/TCR PCR. 
 
 

Eligibility criteria (summarized) 

1. Ph+ ALL, with documented presence of t(9;22) determined by cytogenetics or BCR-ABL 
fusion via RT-PCR or FISH (local laboratory)  

2. Received induction chemotherapy of approximately <14 days per institutional SOC 
3. Adequate performance status (PS), defined as Karnofsky or Lansky score of 60% or greater. 
4. Adequate hepatic function (direct bilirubin < 3xULN for age, AST/ALT < 10xULN for age), 

renal function (Creatinine < 1.5xULN for age/gender or CrCl or GFR >80 ml/min/1.73m2), 
cardiac function (QTc <450 msec and LVEF >50% or SF>27% by echocardiogram) 

5. Age >1 year and <18 years, not pregnant, agrees to use contraception.  

Patients with prior treatment with a BCR-ABL inhibitor, biopsy proven Ph+ ALL with testicular 
involvement, active systemic infection associated with septic shock requiring either vasopressor 
support or mechanical ventilation, known clinically significant disorder of platelet function or 
cardiovascular disease (including congenital long QT or history of ventricular arrhythmias or 
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heart block), trisomy 21, history of stem cell transplant or Ph+ ALL occurring as a secondary 
malignancy were excluded from the study.  Also excluded were patients with hypersensitivity to 
any of the excipients in dasatinib tablets and subjects who were incarcerated or were 
compulsorily detained for treatment of a psychiatric or physical illness.   

Study assessments 

Study assessments for patients on Study CA180372 are summarized in Table 6.  

Table 6. Study Assessments on Study CA180372 
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Source: Applicant CSR, Study CA180372, Page 1393-1396. 

 
Dose Modifications for Toxicity of Dasatinib 

For hematologic toxicities, no interruption or modification of dasatinib was dictated per 
protocol unless neutropenia or thrombocytopenia resulted in a treatment delay of >14 days for 
the next block, dasatinib was interrupted and resumed at the same dose with the start of the 
next block. If the interruption and delay was >7 additional days, a BM assessment was to be 
performed. If marrow cellularity was <10%, dasatinib continued to be held until ANC recovered 
to >500/mcl, at which point it was resumed at the previous dose. If cellularity was >10% 
dasatinib could be resumed, and BM was to be repeated every 7-10 days until chemotherapy 
treatment continued. For anemia, no dose modification was mandated. 

For non-hematologic toxicities, dose modifications followed the recommendations summarized 
in Table 7: 

Table 7. Dose Modifications for Dasatinib for Non-Hematologic Toxicities on Study CA180372 
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Source: Applicant CSR, Study CA180372, Table 4.3.2.1, page 1383-1384.  

Concomitant medications: 

Therapy for the treatment of Ph+ ALL other than dasatinib or the backbone above was 
prohibited. Medications associated with prolonged QTc were prohibited, and inhibitors of 
platelet function or anticoagulants were to be used with caution, as were drugs highly 
dependent on CYP3A4 for metabolism and with a narrow therapeutic index and strong to 
moderate CYP3A4 inhibitors and inducers. Avoidance of concomitant use of PPIs or H2 agonists 
was recommended.  

Summary, AIEOP-BFM ALL 2000 and amended EsPhALL Studies 

For comparison, details regarding the historical control cohorts using the AIEOP-BFM ALL 
regimen without a TKI (cohort 2) and the amended EsPhALL study (cohort 3) are summarized 
here: 

AIEOP-BFM ALL 2000 (Cohort 2):  

This study was a multicenter study that enrolled 4016 patients with Ph- ALL between the years 
2000 and 2006, and an additional 79 patients with Ph+ ALL.  Patients were categorized as MRD 
standard risk (MRD-SR) if MRD was <10-4 at both days 33 (time point 1 [TP1]) and 78 (TP2), MRD 
intermediate risk (MRD-IR) if MRD was positive at 1 or both TPs but at a level of < than 10-3 at 
TP2. Patients with MRD > 10-3 at TP2 were defined as MRD high risk (MRD-HR), independent of 
the sensitivity and the number of markers. Patients with Prednisone-poor response (PPR; >1000 
leukemic blasts/mcl in the peripheral blood (PB) on day 8) or failure to achieve remission (i.e., 
with>5% leukemic blasts in the bone marrow on day 33, or persistent extramedullary disease) 
after induction phase IA (induction failure) or those with t(9:22) or t(4:11) were treated in the 
HR arm irrespective of their MRD results, such that all Ph+ ALL patients were treated on the HR 
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arm. Treatment on this arm randomized patients to receive 3 blocks of non–cross-resistant 
drugs followed by protocol III given 3 times versus 3 blocks followed by protocol II given twice 
in the AIEOP group, or 6 blocks followed by protocol II in the BFM group. Ph+ patients with a 
matched related donor (MRD) were to undergo HSCT per protocol regardless of MRD results at 
the various timepoints, and those with only an unrelated donor (MUD) were to undergo HSCT 
only if they were PPRs. Study objectives for HR patients included EFS and overall survival (OS) 
after initial remission as well as outcome after reintensification therapy in HR patients. CR was 
defined based on bone marrow blast percent of <5% in the absence of leukemia in other 
organs, and EFS was calculated as the time of diagnosis to first failure, including no CR by the 
end of HR3, relapse, death from any cause, or second malignant neoplasm.  

Clinical reviewer comment: It is noted that in the publication of the study (Conter, 2010), 79 
patients with Ph+ ALL were reportedly enrolled, while data for only 61 patients were provided 
to the FDA for analysis. Per the text accompanying the datsets, included were only patients 
who were treated on this study before the EsPhALL study started; the remaining 18 patients 
were excluded either because they received TKI, or data were incomplete on treatment 
received or follow-up). The lack of data submitted with regard to the other 18 patients may 
further bias the results and also demand caution in inferential comparison between the 
cohorts.  

The differences in treatment betweeen the AIEOP and BFM blocks are not considered 
significant enough as to disallow for pooling of results from these groups the way these 
results are being used in this review.  

Amended EsPhALL (Cohort 3): 

Eligible patients were pediatric patients aged 1-17 years with newly diagnosed Ph+ ALL 
documented by cytogenetics, PCR or FISH for BC-ABL, who were enrolled at the time on 
frontline treatment protocols at a number of European and Asian centers. Initially, patients 
were enrolled and treatment with imatinib began at the time of start of induction B (IB), and 
the study was a randomized trial whereby patients were stratified as good risk or poor risk, 
based on early response criteria (defined below), and good risk patients were randomized to 
receive imatinib in combination with the AIEOP-BFM ALL backbone or chemotherapy alone, 
whereas poor risk patients all received imatinib in combination with chemotherapy. Good risk 
patients for those whose protocols included a steroid-only prophase were those who were 
“Prednisone  good responders (PGR),” defined as a blast cell count of <1000/mcl in the 
peripheral blood (PB) after 7 days of prednisone and achieved a CR (defined as an M1 bone 
marrow) after the induction course; for protocols without a steroid only  prophase, it included 
patients who had an M1/M2 bone marrow on day 15 or an M1 bone marrow on day 21 and 
achieved a CR (as above) after the induction course. Poor risk patients were those who did not 
achieve the above responses at the above timepoints. Based on the release of COG data 
showing an improvement of outcomes for a similar population of patients using a TKI, 
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randomization was eliminated in an amendment in 12/2009 and all patients received imatinib. 
The revised primary objective of the study was to evaluate in these patients the efficacy and 
safety of imatinib continuous exposure on top of intensive, BFM-type chemotherapy, with a 
secondary objective of comparison to historical controls including patients treated with 
chemotherapy alone (those randomized to chemotherapy alone on that study, as well as the 
results of the COG AALL0031 study (the study used to support approval of imatinib for the 
current proposed indication for dasatinib)). The primary endpoint was disease-free survival 
(DFS), with secondary endpoints of feasibility and safety as well as EFS, survival and others. 

Study Endpoints  

The primary endpoint of Study CA180372 was the 3-year event-free survival (EFS) rate, where 
EFS is defined as the time from the starting date of dasatinib until an event and was to be 
computed using binomial proportions. 
Events for EFS are defined as any first one of the following: 
⋅ Lack of complete response in bone marrow (see below definition) 
⋅ Relapse at any site 
⋅ Development of second malignant neoplasm 
⋅ Death from any cause 
 
Criteria for Response in Bone marrow (BM) were: 
 M1: < 5% lymphoblasts (Complete Response in BM) 
 M2: 5 - 25% lymphoblasts 
 M3: > 25% lymphoblasts 
 
Patients who did not achieve an M1 bone marrow between the start of dasatinib and the last 
day of consolidation block HR3/start of first reinduction were considered to have had an event 
(i.e., induction failure). 
 
Clinical reviewer comment: it is noted that according to this protocol, CR was defined solely 
by the presence or absence of bone marrow lymphoblasts without regard for peripheral count 
recovery. The latter is the standard definition of CR, and what has been used for regulatory 
decision making. For a detailed discussion regarding this issue in the context of this 
application, see clinical reviewer comment under study results below.   
 
The primary analysis was to compare the 3-year EFS rate of dasatinib plus chemotherapy with 
the following historical controls: 
1. 3-year EFS rate of chemotherapy alone from the AIEOP-BFM 2000 trial (cohort 2). 
2. 3-year EFS rate of continuous imatinib added to chemotherapy from the amended 
EsPhALL trial (cohort 3). 
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Secondary endpoints included safety and feasibility, EFS rate (per KM estimates), MRD, CRR, 
and BCR-ABL mutation status.  
 
Exploratory endpoints included disease-free survival (DFS), overall survival (OS), HSCT rate, 
growth and development and bone mineral content. 
 

Statistical Analysis Plan 

Sample size and power calculations 
The sample size and power calculations incorporated the following assumptions: 
1) a 3-year EFS rate of chemotherapy alone in AIEOP-BFM 2000 of 52%  
2) a 3-year EFS rate of continuous imatinib plus chemotherapy (amended EsPhALL trial) of 78%  
3) a 3-year EFS rate of continuous dasatinib plus chemotherapy will be 88% (absolute 
improvement of 10% over imatinib plus chemotherapy) 
4) a non-inferiority margin of 5% (corresponding to approximately 1/4 of the effect size of 
18% anticipated in the amended EsPhALL trial over the chemotherapy-only historical 
control) 
5) a one-sided type I error rate of 0.05 
 
Based on the above assumptions, a sample size of 75 subjects would yield: 
• 100% power to detect a true difference of 36% in 3-year EFS of dasatinib plus chemotherapy 
(AIEOP-BFM 2000) over chemotherapy alone (AIEOP-BFM 2000). 
• 96% power to declare non-inferiority of dasatinib/chemotherapy and imatinib/chemotherapy 
(EsPhALL). 
• 72% power to detect a true difference of 10% in 3-year EFS between dasatinib/chemotherapy 
over imatinib/chemotherapy (EsPhALL). 
 
Due to regulatory requirements, at least 20 subjects evaluable for the primary endpoint (i.e. all 
treated subjects) were to be enrolled in each of the following age ranges: 1 to < 12 years and 12 
to <18 years. 
 
Primary Analysis:  
In the primary analysis the 3-year EFS rate from study CA180372 was to be compared with 
the 3-year EFS rates from two external historical controls (AIEOP-BFM 2000 and Amended 
EsPhALL) in hierarchical order, so that the overall experiment-wise one-sided type I error rate 
was preserved at 0.05. 
 
The comparisons were to be as follows: 
 1. Superiority over chemotherapy alone of AIEOP-BFM 2000: 3-year EFS rate = 52%. 
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 2. Non-inferiority to continuous imatinib plus chemotherapy of the amended EsPhALL trial: 
expected 3-year EFS rate = 78%. Non-inferiority margin size of 5%. 
3. Superiority over continuous imatinib plus chemotherapy of the amended EsPhALL trial: 
expected 3-year EFS rate = 78%. 
 
• The trial was to be considered positive if at least the first two comparisons are statistically 
significant. 
• The difference with the 3-year EFS rate from the chemotherapy alone control arm was to be 
tested first. If that test is significant in favor of dasatinib, then non-inferiority relative to 
imatinib plus chemotherapy in the amended EsPhALL trial was to be tested. If that test is 
significant and non-inferiority of dasatinib is declared, then superiority testing of the difference 
with the 3-year EFS rate in the continuous imatinib added to chemotherapy arm from the 
amended EsPhALL trial was to be tested in third place. 
• The comparison was to be done after the last subject treated has passed the 3-year follow-up 
period to ensure all subjects had the opportunity for 3-year EFS assessments (no interim 
analysis for primary endpoint). 
• The differences in 3-year EFS rates was to be computed using binomial proportions of 
subjects who are free of events at 3 years over all treated subjects. Subjects lost to follow-up at 
any time without an event were to be considered even- free in the primary analysis. All subjects 
were to have the opportunity to be followed for 3 years prior to the analysis and the 
denominator was to include all treated subjects. 
• Event rates were to be provided with exact 2-sided 90% Clopper-Pearson CI’s. Differences 
in event rates were to be tested at the 0.05 1-sided significance level using a Pearson χ2 test. 
• Non-inferiority testing against the study treatment in the amended EsPhALL trial was to be 
carried out using the corresponding 2-sided 90% CI for the treatment difference (3-year EFS 
rate in dasatinib+chemo minus 3-year EFS rate in imatinib+chemo) and comparing the lower 
confidence limit to the non-inferiority margin of -5%. This margin corresponds to 1/4 of the 
effect size of 18% anticipated in the amended EsPhALL trial over the chemotherapy-only control 
of the original EsPhALL trial. 
• Analyses were to be conducted in the treated population. Interim analyses for DMC reports 
didn’t include evaluation of EFS rates versus those in the historical external controls. Stopping 
rules were to come into effect only when poor interim EFS results were observed and the Type I 
error related to the primary analyses was not affected. 
• In addition to the above analyses on all treated subjects, the same analyses were to be 
performed on subjects with uncontested Ph+ ALL at diagnosis, such that any subject that was 
considered during treatment not to have Ph+ ALL (e.g. CML in blast crisis), was to be excluded. 
 
Statistical reviewer comment: The applicant provided the statistical analysis plan, and the 
results of their sample size and power calculation were confirmed and calculated by the FDA 
statistical reviewer. No record showed this primary analysis testing method was agreed upon 
by the FDA. Due to the limited information available for the two historical control study 
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because of the misdiagnosis, and the second completed 2 years of therapy despite this fact. The 
additional 2 patients (  do not have documented M3 
bone marrow examinations at screening that allow for confirmation of an ALL diagnosis: 

 had 1% blasts at the start of therapy and no BM or PB blasts from any date 
prior, including screening. FISH did show 188/200 cells that were Ph+, but the diagnosis of ALL 
cannot be confirmed. For  there are no BM results included in the data 
submitted prior to day 46, and the patient had no peripheral blasts, such that he was initially 
excluded from the efficacy population. However, based on the ZL dataset, the patient had 20% 
peripheral blasts at screening, and based on ADBL he had a positive RTPCR for the BCR-ABL 
fusion, so he was ultimately included in the efficacy population.  
 
Finally, the applicant CSR (page 67, Section 6.1) pointed out that patient USUBJID 

 was identified in the database as having received tablet only, but actually received PFOS for 
the first 18 months and tablet for the next 6 months. (The source of the error was that the site 
inadvertently entered “tablet, for suspension” when they should have entered “liquid” as the 
formulation on the CRF).   
 
Clinical reviewer comment: It is notable that for a randomized study, the protocol deviations 
above would not necessarily have led to a change in the efficacy population, although they 
would have necessitated performance of a sensitivity analysis that included and excluded 
these patients on both arms, as the randomization would have served as a safeguard to 
protect against biased results due to the inclusion of these patients on both arms. Given the 
limitations of the patient level data in this submission (see Executive Summary), and  
interpretation of this study mostly as a single arm study with exploratory comparison to those 
limited data, patients not confirmed to have Ph+ ALL based on the data submitted, or those 
who received the PFOS formulation, including the patient who was labeled as “tablet only” 
but actually received mostly PFOS, cannot be included in the labeled efficacy population.  
 
While disposition beyond lack of CR by the end of HR3, relapse, death from any cause or 
secondary malignant neoplasm were not submitted for the historical controls, data regarding 
subsequent HSCT was provided for these patients. Of the 61 patients treated with the AIEOP-
BFM backbone chemotherapy without a TKI and with adequate follow-up on Study AIEOP-BFM 
ALL2000, 45 had a subsequent HSCT (74%), including 35 who had an HSCT in CR1 (57%).  
 
Clinical reviewer comment: The fact that only 14-15% (see Table 8) of patients on CA180372 
went to HSCT post dasatinib therapy strengthens the EFS results of this study when compared 
to historical controls treated with chemotherapy alone, since the majority of those patients 
proceeded to HSCT. Even if, due to the factors described elsewhere in this review, stemming 
from the inherent flaws in using historical comparisons, the differences in EFS are less robust 
than they would be if the same outcomes were found in a randomized trial, the fact that 
patients receiving dasatinib could in the vast majority of cases be spared the intensive 
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patients (75%) receiving chemotherapy alone in AIEOP-BFM-ALL2000 had a good response to 
prednisone therapy during the first week of induction; this was slightly higher than the 65% 
PGR rate reported for 61 Ph+ patients treated in the earlier AIEOP/BFM ALL studies (ALL-BFM 
86, ALL-BFM 90, AIEOP-ALL 88 and AIEOP-ALL 91, total of 4760 pts with newly diagnosed BCP 
or T-cell ALL between the years 1986 and 1995; Schrappe M, 1998), and lower than the 10% 
reported in the 998 evaluable patients with ALL treated on those trials (Reiter, 1994). While 
the latter is expected- the Ph+ population is a higher risk one with disease that is less likely to 
respond and more likely to relapse- the reason for the higher rate of PGR in the AIEOP-BFM-
ALL2000 trial compared to that seen in the prior trials is not clear. However, if this is due to 
some type of selection bias in the 2000 study, the result would be a population of patients 
who would be expected to have a better EFS than that actually predicted in the Ph+ 
population using chemotherapy alone, and would risk that the results of CA180372 would be 
less likely to detect an improvement over this “falsely” elevated rate seen with the historical 
controls. As such, this makes the comparison between the CA180372 and AIEOP-BFM-ALL2000 
studies more robust, at best, and in general decreases the likelihood that the EFS advantage 
of the addition of dasatinib to the AIEOP-BFM-ALL2000 backbone is due to differences in 
population biasing the results in favor of CA180372. As for the overall risk: benefit 
assessment, the fact that there are no published literature with a 4- or 5-year EFS that 
exceeds 44% (upper limit of the 95% CI of 53%) for pediatric patients with Ph+ ALL treated 
with chemotherapy alone (without a TKI; with or without HSCT) helps support the notion that 
across risk categories, the EFS seen in Study CA180372 with dasatinib added to chemotherapy 
is better than that expected using chemotherapy alone.  
 
For comparability with imatinib in combination with the same backbone (as used on the 
amended EsPhALL2010 study), the combination of PGR, M1-M2 BM at day 14 or M1 BM at 
day 21 into the “Early responder” category in the dataset provided conflates responses due to 
prednisone and/or chemo alone with those due to imatinib (which started on day 15 and thus 
may have contributed to achievement of M1 BM on day 21). Although all of these have been 
reported to be associated with a better prognosis (with prednisone response being more 
predictive than day 14 BM response in T-cell ALL and the converse being the case in BCP ALL, 
(Lauten, 2012), it is challenging to distinguish the contribution of dasatinib from that of the 
induction chemotherapy, and again the comparison to the results of CA180372, where none 
of the data regarding early responses are available makes that comparison challenging as 
well. The data regarding PGR and PPR were provided independently, but there is a lot of 
missing data (see Table 12 above) which makes interpretation challenging. Using a best and 
worst case scenario analysis, assuming all of the 33 “missing” patients either achieved a PGR 
(127/152, 84%) or  PPR (58/152, for a PPR rate of 38% and a PGR rate of 62%), neither of 
which are likely, in the best case scenario, the PPR rates are about 10% higher on the imatinib 
study overestimating its addition to chemotherapy, or they are around 10% lower than those 
using chemotherapy alone, and the advantage of imatinib over chemotherapy alone is even 
more robust. In either case, the rates are not strikingly different from the AIEOP-BFM-ALL 
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different definitions  of EFS (from the time of diagnosis, from the time of start of treatment 
etc.; see full discussion under CR rates above) in attempt to allow for descriptive comparison 
between studies such that determination could be made regarding whether the data 
supported the fact that the outcomes using dasatinib on Study CA180372 were better than 
would be expected using the backbone chemotherapy alone, and that these outcomes were 
not substantially worse than those seen using imatinib in combination with the same 
chemotherapy backbone. 
 
Overall, the results of the FDA analyses of 3-year EFS for the efficacy population on Study 
CA180372 using dasatinib in combination with AIEOP-BFM ALL2000 backbone chemotherapy 
regimen in a population of patients in whom long-term EFS results of >45-50% are not 
reported in the literature, in combination with the submission of limited patient-level data 
from the AIEOP-BFM ALL study, are sufficient to allow for a conclusion that dasatinib + this 
backbone are better than the backbone alone in the intended population. This approach is 
not precedent setting, as a similar approach was taken in support of the imatinib approval for 
the same indication in 2011; that approval was also based 4-year EFS on a single arm 
combination study and very limited comparison to historical controls using a much earlier cut-
off for the EsPhALL study, which was used only as supportive for safety and efficacy of 
imatinib, rather than as a comparison. Also, in that application and review, patient-level data 
for those controls were not available outside of the submission of a CSR.  
 

Data Quality and Integrity  

The quality and integrity of the submitted data were sufficient for the reviewers to review the 
application.  
 
Per the Applicant CSR for Study CA180372, Section 4.2, BMS personnel conducted training 
including completion of electronic CRFs (eCRFs) and paper CRFs. Data were submitted to BMS 
using eCRFs and paper CRFs. Data queries for missing or ambiguous information were computer 
generated by BMS or Accenture personnel and forwarded to the investigator for resolution. 
Further, sites were managed and monitored by BMS personnel according to internal standard 
operating procedures (SOPs), and on-site monitoring by the applicant was performed to 
evaluate the study’s progress, verify accuracy and completeness of CRFs, assure that all 
protocol requirements, laws and regulations were met, and resolve any inconsistencies in the 
study record. Sites were also audited according to an internal audit plan (by the Research and 
Development Quality Department of BMS). 

Efficacy Results – Secondary and other relevant endpoints 

Kaplan-Meier estimate of 3-year EFS rates: Dasatinib in combination with multiagent 
chemotherapy in the 78 patients of the FDA efficacy population yielded a 3-year K-M estimate 
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EFS rate of 63.3% (95% CI: 51.4, 73.0).  

The 3-year binomial EFS rate (64.1%) in the 78 patients was similar to the 3-year EFS K-M 
estimate (63.3%). In all treated and Ph+ ALL adjudicated and confirmed population (N=103), the 
EFS rates are consistent and close to 65%.  

 Kaplan-Meier estimate of 3-year OS rates: Dasatinib in combination with multiagent 
chemotherapy in the 78 patients in the FDA efficacy population yielded a 3-year OS rate of 
92.2% (95% CI: 83.4, 96.4), and the median OS was not reached. The 3-year OS rate is 91.2% 
(95% CI: 83.8, 95.3) in all treated and Ph+ ALL adjudicated and confirmed population (N=103), 
and the median OS was not reached. These results are summarized in Table 15 below. 

Table 15. Summary of 3-year EFS Rates and 3-year OS Rates by Kaplan-Meier Estimates  

CA180372 

All treated and 
Ph+ ALL 

confirmed         
(N = 103) 

Tablet Only   
       (N = 78) 

At Least 1 Dose of 
PFOS                      

(N = 25) 
At least 1 dose 

of tablet (n=95) 
PFOS only    

(n=8) 
3-year binomial 

EFS rate, n/N (%) 67/103 (65.1) 50/78 (64.1) 17/24 (68) 62/95 (65.3) 5/8 (62.5) 

95% CI (55.0, 74.2) (52.4, 74.7) (46.5, 85.1) (54.8, 74.7) (24.5, 91.5) 

3-year EFS K-M 
estimate,               
% (95% CI)   64.4 (54.3 72.9) 63.3 (51.4, 73.0) 68.0 (46.1, 82.5) 64.6(54.0, 73.4) 62.5(22.9, 86.1) 

3-year OS K-M 
estimate,               
% (95% CI)   91.2 (83.8, 95.3) 92.2 (83.5, 96.4) 88.0 (67.3, 96.0) 91.5(83.8, 95.7) 87.5 (38.7, 98.1) 

Source: FDA statistical reviewer 

Complete Remission Rate: In the applicant’s CSR, and based on the datasets they created, the 
CR rate with the combination of dasatinib plus chemotherapy on Study CA180372 was 88.7% at 
the end of Induction IB and 93.4% at the end of the Consolidation period in all treated subjects. 
Per the applicant’s analysis, the CR rates in subjects treated with tablet only or at least 1 dose 
of PFOS were consistent with the all treated population.  

However, the FDA clinical reviewer adjudicated complete response rates for all patients based 
on bone marrow blasts counts in addition to recovery of peripheral counts. The latter (CR) is an 
endpoint that, in contrast to reduction in marrow blast counts without regard for peripheral 
count recovery, has been discussed by the Agency in public workshops (Appelbaum, 2007), and 
used for approvals of agents in the treatment of acute leukemias (inotuzumab prescribing 
information, blinatumomab prescribing information). Table 16 summarizes CR and CRh* rates 
at the end of induction (IB) and consolidation (HR3) by FDA adjudication for the efficacy 
population on Study CA180372. Since the goal of the analysis was determination of the number 
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At the same time, it is recognized that: 

a) Standard practice in pediatric ALL, especially newly diagnosed ALL, is not to wait until 
complete count recovery to begin subsequent cycles of therapy, especially during the 
first 6 months of therapy. Most protocols are written such that once partial recovery of 
counts is reached, the next cycle begins, and this is how most patients are treated, 
even when not on clinical trials; it is standard to “push through” as treatment/dose 
intensity is considered a primary factor in outcome. It would be fairly standard to 
continue patients through at least the end of consolidation without ever having them 
achieve a true “CR,” as long as they have decreasing blast count percentages in the 
bone marrow and they have some semblance of peripheral count recovery. 

b) It would be informative for treating pediatric hematologist/oncologists to have 
information regarding the rates of achievement of M1 bone marrows at the end of 
induction and consolidation with dasatinib therapy on Study CA180372 in order to 
make treatment decisions. 

c) CRh*, which is an endpoint used by the Agency as a clinical benefit endpoint in the 
context of relatively non-toxic therapies used in patients without curative intent (e.g. 
relapsed/refractory acute leukemias, or certain subpopulations of newly diagnosed 
patients, such as the elderly, in adults), is not relevant to the population studied for 
the proposed indication, namely pediatric patients with newly diagnosed ALL. 

As such, the relevant endpoint for inclusion in section 14 of the PI for the current 
indication is rates of M1 marrows, or <5% blasts, at the end of induction and 
consolidation. 

Disease Free Survival: The K-M estimate of 3-year Disease-free survival rate in all subjects 
treated with dasatinib plus chemotherapy was 65.4%. (95% CI: 55.4, 73.7). The results in the 
tablet-only group and subjects who used PFOS at least once group were similar to those in the 
all treated population. 
 
Clinical Reviewer comment: DFS is not an endpoint used for regulatory decision making in this 
clinical context and is considered descriptive and exploratory only.  
 
MRD Response, Study CA180372 
The Applicant proposed inclusion of the following sentence in Section 14 of the PI, for Study 
CA180372: 
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Dose/Dose Response 

Since most of the patients on Study CA180372 received 60 mg/m2/day of dasatinib, no detailed 
analysis of dose-response was undertaken by the FDA for this Study. SEE clinical pharmacology 
review for an evaluation of exposure-response.  

Durability of Response 

Durability of response is part of the primary endpoint, EFS, and is discussed above.  

Persistence of Effect 

Since dasatinib treatment is continued for up to 2 years, and median follow-up was 3.9 years at 
the data cut-off, the primary efficacy result is evidence of persistence of effect beyond 
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points.   
 
Reviewer comment: The small numbers preclude any assessment of efficacy in these patients, 
and there are no PK data with which to correlate response. However, given that their 
outcomes seem to reflect overall the general outcome in the efficacy population on the trial, 
together with the fact that no pediatric formulation is available, and approximately 1/3 of 
enrolled patients were under 6 years of age, it would be helpful for physicians to have a 
summary of these data in the PI, without any recommendation to dissolve the tablet, and 
including the precaution regarding lower exposure in patients receiving dissolved tablet as 
well as lingering uncertainty regarding its effect on safety and efficacy in this population. 
 
7.2 Study CA180204: Intensified Tyrosine Kinase Inhibitor Therapy (dasatinib: IND# 
73969, NSC# 732517) in Philadelphia Chromosome Positive Acute Lymphoblastic 
leukemia (ALL) 
 

7.2.1 Study Design 
 
Overview and Objectives 
 
Study CA180204 was an open-label, multicenter, single-arm Phase 2 study in children and 
young adults aged >1 year to <30 years with newly diagnosed ALL and BCR-ABL fusion who had 
enrolled on one of the COG ALL trials or Dana Farber Childhood ALL Consortium (DFCI) trial and 
should not have received day 15 of induction on those trials. Patients received dasatinib in 
combination with a multiagent chemotherapy backbone.  
 
The primary objective was to determine the feasibility and toxicity of an intensified  
chemotherapeutic regimen that incorporates dasatinib for the treatment of the above patient 
population, and to determine whether intensification of TKI through addition of dasatinib from 
days 15-28 of induction and substitution of dasatinib for imatinib post-induction in the context 
of an AALL0031 multiagent chemotherapy backbone and a good early response to therapy 
would lead to a 3-year EFS of at least 60% in these subjects.  
 
Secondary objective included determination of whether the addition of dasatinib on days 15-28 
of induction would decrease levels of MRD at the end of induction compared to patients 
treated on Study AALL0031, whether early intensified TKI therapy (i.e., addition of dasatinib on 
days 15 through 28 of Induction) would lower end Consolidation MRD levels as compared to 
subjects on COG AALL0031 that received imatinib in Consolidation Blocks 1 and 2 (Cohorts 3-5),  
3-year EFS rate for the whole cohort of Standard- and High-Risk subjects treated with dasatinib, 
the long-term effects of dasatinib on growth and development and bone metabolism, 
assessment of BCR-ABL mutation status at time of diagnosis and progression/relapse, and OS. 
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Trial Design 
 
The trial schema for CA180204 is depicted in Figure 2 below.  

Patient in the safety phase (cohort 1, discontinuous dasatinib) received dasatinib at 60 mg/m2 
daily during the first 2 weeks of each 3- to 4-week post-Induction treatment block. If this dose 
was well tolerated, the subjects in Cohort 2 (continuous dasatinib) received dasatinib treatment 
at 60 mg/m2/dose daily for the entire treatment block. 

Figure 2. Study Design, Study CA180204 

 
Source: Applicant’s CSR, CA180204. Figure 3.1-1, page 25. 
 
Study monitoring and assessments were similar to those done on Study CA180372, tailored to 
the different blocks on Study CA180204 given the different backbone regimen. The primary 
efficacy endpoint was 3-year EFS in Standard-Risk Ph+ ALL subjects in Cohort 2 (continuous 
dasatinib). Endpoint definitions for EFS was the time from entry on study until any of the 
following events: induction failure (disease progression during Induction A, defined a M3 BM at 
end of IA), relapse at any site, secondary malignancy, or death.   
 
7.2.2 Study Results 
 
Compliance with Good Clinical Practices 
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Efficacy Results-Primary Endpoint 
 
The primary endpoint was in all subjects, but FDA included only the pediatric patients in the 
efficacy population. Of the 19 patients treated with at least one dose of continuous dasatinib, 
the 3-year EFS by KM estimate was 68.4% (95% CI 48.3, 88.6). 
 
Clinical reviewer comment: the wide confidence interval due to the small number of patients 
renders the results unable to support an efficacy determination with dasatinib using this COG 
multiagent chemotherapy backbone, since the lower limit is essentially the same as the point-
estimate for the AIEOP-BFM ALL 2000 regimen described in section 6.1 above. All of the 
caveats and limitations regarding the use of historical controls apply here, with the additional 
fact that the chemotherapy backbone differed, and the overlapping CIs support the fact that 
these results cannot be used as anything other than supportive for the proposed indication.   

8. Integrated Review of Effectiveness 

8.1. Assessment of Efficacy Across Trials 

 Given the multiple limitations of the data submitted with regard to Study CA180204, including 
small numbers and early closure of the trial due to enrollment on the pivotal study submitted 
for the current indication, the application and review primarily relies on the results of Study 
CA180372 to support the efficacy of dasatinib added to standard multiagent chemotherapy in 
pediatric patients with newly diagnosed Ph+ ALL. 
 

8.2. Additional Efficacy Considerations 

8.2.1. Considerations on Benefit in the Postmarket Setting  

While patient populations enrolled on clinical trials tend to be more homogeneous than the 
“real-world” population due to the generally strict eligibility criteria on these trials (Beaver, 
2017; Kim, 2017), there are no clear signals noted in this review that would suggest differences 
in disease response that could be predicted when dasatinib is used in the real-world setting. 
 

8.3. Integrated Assessment of Effectiveness 

The efficacy of dasatinib in combination with multiagent chemotherapy in pediatric patients > 1 
year of age with newly diagnosed Ph+ ALL has been established, primary based on results from 
the open-label, multi-center, historically-controlled, Phase 2 study of dasatinib added to 
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successive blocks of standard multi-agent chemotherapy (AIEOP-BFM ALL 2000 regimen) in 
which the 78 patients with FDA-confirmed Ph+ ALL who received exclusively the tablet 
formulation of dasatinib in combination with the aforementioned chemotherapy backbone had 
a binomial 3-year EFS of  64.1% (95% CI, 52.4%, 74.7%).  This a population with no 4-5 year EFS 
of greater than 44% reported in the literature even in patients who undergo allogeneic HSCT, 
and is further placed in context by the limited data provided for the 61 pediatric patients with 
Ph+ ALL treated with the multiagent chemotherapy backbone alone on Study AIEFOP-BFM ALL 
2000, who had a 3-year EFS of 39% (95% CI, 36%, 62%). Given the similar biology of Ph+ ALL 
across pediatric age groups, efficacy could be extrapolated to patients under 1 year of age, but 
since no safety data in this age group were submitted for any indication, the indication should 
be limited to patients 1 year of age or older.  
 
The limited data provided for Study CA180204, a non-randomized, multicohort, phase 2 study 
where 35 pediatric patients with newly diagnosed Ph+ ALL were treated with discontinuous 
dasatinib in combination with a different chemotherapy backbone, and 20 pediatric patients 
were treated with continuous dasatinib using that backbone, are not sufficient to support 
approval of dasatinib using the chemotherapy backbone used in this study.  
 

 
9. Review of Safety 

9.1. Safety Review Approach 

The key material used for the review of safety included data submitted to sNDA 021986 s-021,  
relevant published literature, and relevant information in the public domain. The review of 
safety included data from the pivotal Study CA180372, as well as supportive safety data from 
CA180204 in pediatric patients with Ph+ ALL treated with dasatinib using the COG rather than 
the BFM backbone, and relevant data from Studies CA180018, CA180226, and CA180038. Since 
the latter studies included a more heterogeneous group of patients (patients with various solid 
tumors and/or relapsed/refractory leukemias, or CML), at various dasatinib doses, and have 
been extensively reviewed prior to approval of the CML indication (See review in DARRTS by 
Rachel Ershler, 10/16/2017, as well as the  

;  
)), they are referred to in this review only with regard to data relevant to the review of the 
current submission for the current proposed indication.     Since the proposed dose and 
schedule of dasatinib for the current application is unique to study CA180372, the data from 
the various studies were not pooled. The number of patients from each trial used to support 
safety of the proposed dose and schedule in the pediatric Ph+ ALL indication is included in Table 
5 above. In an attempt to determine whether the safety and efficacy findings with regard to the 
PFOS formulation discussed by the clinical and clinical pharmacology teams during review of 
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 was a 12-year-old male who began dasatinib therapy on 8/22/2012. He 
developed diarrhea on day 652 (6/4/2014), after discontinuing dasatinib therapy on 5/12/2014. 
with subsequent abdominal pain, nausea, vomiting and jaundice, and was hospitalized with 
grade 4 enteritis. CT of the abdomen showed diffuse small bowel wall thickening/edema, and 
blood culture was positive for aerominos sobria. He developed hypotension requiring 
treatment with broad spectrum antibiotics, vasopressors, hydrocortisone and blood products, 
but his clinical status continued to deteriorate, and he died on  of sepsis.  He had no 
reported blasts present, and his end of treatment BM on 5/18/2014 was still <M1, with 1.5% 
blasts.  
 
Technically, there were no deaths during induction, defined as IA or IB. There were 3 patients, 
all of whom died within 15 days of the last dose of dasatinib, 2 of whom received exclusively 
tablet  and  and one of whom received at least one dose of 
PFOS ( ) who died technically after the end of HR3, but very soon after this 
date (1, 5 and 15 days later). Since for the first-line treatment of pediatric ALL using treatment 
regimens such as the AIEOP-BFM ALL2000 backbone, induction failures are not declared until 
the end of consolidation (HR3), and patients with <5% blasts, and sometimes even those with 
borderline blast counts that have decreased from diagnosis, continue treatment regardless of 
peripheral count recovery (most commonly lack thereof), one could make an argument that 
deaths through consolidation are also “deaths in induction.” Even if this broad definition of 
induction deaths is used, the 3% rate of deaths during induction (3/106; 2/81 patients who 
received the tablet formulation exclusively (2%)), is still lower than the 5% (3/61) rate seen in 
the historical controls treated with chemotherapy alone (AIEOP-BFM-ALL). Based on the data 
submitted for the amended EsPhALL2010 Study, there were no deaths during induction on that 
study. 
 
Notably, all but 1 of the deaths that occurred >30 days after the last dose of dasatinib occurred 
at a range of 133 to 959 days after the last dose, with 7/10 occurring >550 days after the last 
dose. The one that occurred at <133 days was due to pneumonia in a patient who was post-
HSCT.  
 
Clinical reviewer comment: Overall, the death rate and early death rates on CA180372 do not 
raise any red flags with regard to the safety of the dasatinib-AIEOP-BFM ALL backbone 
combination.   
 

9.4.2. Serious Adverse Events 

SAEs occurred in 101 (95%) of all treated patients on CA180372, including 79 (98%) of those 
who received tablet only and all 8 (100%) of those treated exclusively with the PFOS 
formulation. The most common SAEs are listed in below.  
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transaminases increased. 
 
Reviewer comment: Again, though limited conclusions can be drawn due to small numbers, 
the fact that only patients who received exclusively the tablet formulation of dasatinib had 
TEAE that led to permanent discontinuation or dose reduction of the agent supports the 
clinical and PK findings for the PFOS formulation revealed in the clinical pharmacology review 
for this as well as the CML indication, and
 
In response to an IR sent with the revised PI, received on 12/6/2018, the applicant presented an 
analysis of the number of patients for whom a treatment block was delayed by >14 days (what 
would be considered “prolonged” in clinical practice, and per the protocol) for cytopenias. The 
applicant submitted a listing of the 22 patients who had a dose delay, all but 2 of whom 
received only the tablet formulation. The delays ranged from 18 to 62 days and occurred during 
various phases of the protocol. Six of these patients underwent bone marrow assessments at 
some point during the delay, including 1 patient who had 3 block delays ( ), 
who had a 28-day delay of initiation of HR1, a 21-day delay of initiation of HR3, and a 20-day 
delay of initiation of continuation- and none of them had excessive bone marrow blasts at the 
time of delay. The outcome of this group of patients with regard to 3-year EFS was not any 
different than that seen for the efficacy population.  
 
Reviewer comment: these findings support inclusion of the dose modifications on Study 
CA180372 in the prescribing information for this indication.  

9.4.4. Significant Adverse Events 

See Section 8.5.1 for an analysis of AESI associated with dasatinib.  

9.4.5. Treatment Emergent Adverse Events and Adverse Reactions 

Treatment Emergent Adverse Events (TEAEs) of all grades, and grade >3, that occurred within 
30 days of the last dose of dasatinib on Study CA180372 are depicted in  Table 22. Since the 
dasatinib was given in combination with multiagent chemotherapy, and there are not adequate 
safety data from the historical controls to allow for discrimination between adverse reactions 
(ARs) clearly related to dasatinib treatment versus those due to the other agents included in the 
regimen, all ARs within 30 days of the last dasatinib dose were included in this FDA analysis. An 
analysis of specifically those AESI known known to be associated with dasatinib monotherapy 
was performed in an attempt to better characterize the incidence of these toxicities when 
dasatinib is combined with multiagent chemotherapy; this analysis depicted in Table 22 as well 
as in sections 9.4.9 and  9.5.1 below.  

For all of these analyses, non-laboratory adverse events were analyzed separately from 
laboratory events. The latter were analyzed based on the laboratory datasets rather than the 
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greater, as per CTCAE v5, this is reserved for patients with WBC of greater than 100,000/mm3 
(grade 3) or life-threatening consequences (grade 4); patients with elevated leukocyte counts 
below this threshold are not graded per CTCAE v4.  
 
Clinical reviewer comment: The rates of laboratory abnormalities in pediatric patients with 
Ph+ ALL on Study CA180372 were considerably higher than those seen in the trials used to 
support approval in the adult CML and ALL as well as pediatric CML indications. However, it is 
notable that CA180372 uses dasatinib in combination with intensive chemotherapy whereas 
the trials supporting the other indications were all using dasatinib monotherapy. Also noted 
are differences between the adult studies themselves, where in the trial supporting the use of 
dasatinib in newly diagnosed CML-CP, only 13-29% of patients experienced notable 
hematologic toxicities, compared to 47-63% of patients with CML-AP and 52-85% of those 
with CML in myeloid or lymphoid blast phase (SPRYCEL prescribing information). It is also 
noted that these latter adult populations are closer to the pediatric Ph+ ALL population in that 
they are patients with acute leukemias that often are associated with hematologic and non-
hematologic and/or organ toxicities due to the underlying disease. Overall, no new signals 
were identified based on these analysis, but instead of the applicant’s proposed description in 
labeling that the laboratory abnormalities in patients with Ph+ ALL are similar to those seen 
in the other SPRYCEL populations, section 6 should include a table with the most common 
laboratory abnormalities seen in patients on CA180372. 

9.4.7. Vital Signs 

Per the applicant’s CSR, no formal analyses of vital signs were performed on Study CA180372. 
In the review of dasatinib monotherapy for the pediatric CML indication (supplement 20), no 
trends of clinical relevance were noted.  

9.4.8. Electrocardiograms (ECGs) 

On Study CA180372, ECGs were done at screening, prior to the start of IA, IB and R1, and as 
clinically indicated. Only results regarding QT prolongation were analyzed as part of this review. 

9.4.9. QT  

Although QT prolongation is a listed warning and precaution in the current dasatinib PI, there 
were no reports of QT prolongation on Study CA180372 per the ADAE dataset. Per the ADEC 
dataset, only one patient on study had a QTc of >450 msec; this was at baseline (

QTc of 478). A repeat EKG on this patient was normal after HR3 (404 msec) per the data 
listing included in the CFR (Appendix 7.2, page 13634).  
 
Reviewer comment: the administration of dasatinib in combination with multiagent 
chemotherapy does not appear to worsen the risk of QTc prolongation already associated 
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-7 patients experienced a pericardial effusion, including 1 with associated pulmonary edema 
and another with associated cardiomegaly 
-3 additional patients experienced pulmonary edema, one with associated cardiac failure 
-1 additional patient experienced cardiomegaly without the other associated PTs 
The 2 patients who were not in the tablet only group had isolated pericardial effusion and 
isolated pulmonary edema. There were no grade 4 or 5 events in any of these categories, and 
the 5 grade 3 events occurred in 4 patients, 3 in the tablet only group and 1 in the PFOS group, 
and included the case of cardiac failure and pulmonary edema, and two additional cases of 
pulmonary edema, as well as one case of grade 3 pericardial effusion in the PFOS group.  
 
Pulmonary hypertension:  There were no reported cases of pulmonary hypertension in patients 
treated on Study CA180372.  

 
Bleeding-related events: See section 8.4.5 for an analysis of hemorrhagic events on Study 
CA180372.  
 
Cardiac and respiratory disorders: With the exception of the cardiac and pulmonary events 
described above under fluid retention, other cardiac AEs are described above in Table 22.   
 
Pediatric bone growth and development: Negative effects on growth and development have 
previously been reported in nonclinical studies of dasatinib as well as clinical studies of imatinib 
in children. On Study CA180372, the only PT related to pediatric bone growth and development 
was osteopenia, reported in 4 patients overall (4%), including one patient who received PFOS. 
Of the 3 patients receiving tablet only, 1 of them had osteopenia reported only during the HSCT 
phase, although this patient ( ) did get continue to get dasatinib after 
undergoing HSCT on 3/21/2013, and the osteopenia was reported one year prior to his 
dasatinib discontinuation date of 5/28/2014. All 4 cases were grade 1 in severity. The other 
three had the osteopenia reported during IB and continuation.  
 
Reviewer comment: Overall, the AESIs for dasatinib and imatinib were reported in patients 
treated on CA180372 as well. It is extremely challenging, especially in a non-randomized 
study, to tease out which of these were truly due to the effect of dasatinib, given the various 
other chemotherapeutic agents given as part of the AIEOP-BFM ALL 2000 backbone. For 
example, the osteopenia which occurred in 4% of patients is also a very well-established side 
effect of steroid therapy that is an integral part of the treatment of pediatric ALL, and cardiac 
and respiratory disorders are known ARs seen with anthracyclines that are given as part of 
this regimen. Similarly, bleeding events are also associated with the thrombocytopenia seen 
with intensive chemotherapy administration in general. All of these events are already in the 
W&P of the PI, and there does not appear to be a need to add any additional information to 
that portion of the PI, especially given the fact that physicians administering this multiagent 
chemotherapy  are familiar with these ARs, and doing so would risk attributing them solely to 
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9.8.4. Overdose, Drug Abuse Potential, Withdrawal, and Rebound 

One patient on Study CA180372 experienced a dasatinib overdose: USUBJID  a 
21-month-old patient who received exclusively the PFOS formulation. The overdose happened 
in November 2014, and no action was taken with the study drug. It was associated with a garde 
1-2 URTI within 4 days of the overdose, also without any adverse sequelae. The patient 
continued treatment with dasatinib through May 2015.  
 
There is no evidence of any dependence potential with dasatinib use.  
 
No formal studies of rebound or withdrawal have been conducted with dasatinib. No particular 
events have been reported in the pediatric dasatinib studies in patients who had a transient or 
permanent withdrawal of dasatinib therapy. 

9.9. Safety in the Postmarket Setting 

9.9.1. Safety Concerns Identified Through Postmarket Experience 

On 11/30/2018, the review team was made aware of findings by the Division of 
Pharmacovigilance (DPV2) regarding reports of encephalopathy and nephrotic syndrome (NS) in 
pediatric patients receiving dasatinib. Of the 5 cases of encephalopathy, there was 1 case that 
was not in the context of an alternative etiology, and in that case the encephalopathy recurred 
upon rechallenge. In the safety data submitted in support of the current proposed indication 
from Study CA180372, 30% of patients in the tablet only group had a term that was part of the 
grouped terms “altered state of consciousness,” including encephalopathy. Of all of these, 5% 
were grade 3 or greater.   
 
Reviewer comment: As stated above, the fact that on Study CA180372, dasatinib was given in 
combination with multiagent chemotherapy, the components of which each have multiple 
known adverse reactions, make attribution to dasatinib very challenging, especially when 
these signals are not seen in the pooled monotherapy population across age groups and 
disease states. While the finding of altered state of consciousness should be included in the 
AR table in section 6 of the PI for the new indication, a new W&P regarding this AR with 
dasatinib is not warranted at this time. 
 
With regard to nephrotic syndrome, per DPV review, there were 6 cases of NS in a FAERS search 
of NS limited to age <17 years (see OPV review for full details). In response to an IR to the 
applicant regarding any other cases in their pooled safety database, they submitted the same 6 
cases. There were no cases of NS reported in studies CA180372 or CA180204. The dasatinib 
prescribing information already includes the finding of NS in the PMR section.  
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Reviewer comment: The PI already includes nephrotic syndrome as an AR in the PMR section, 
and there were no cases in the pediatric ALL trials submitted in support of this sNDA, nor in 
the entirety of the AE data submitted as part of the ISS. Section 8.4 already states that the 
safety profile in pediatrics is similar to that seen in adults with the exception of effects on 
growth and development. Nephrotic Syndrome is thus covered, and there is no need for a 
revision to the PI with regard to this AR at this time. 

9.9.2. Expectations on Safety in the Postmarket Setting  

Safety in the postmarket setting is expected to be similar to that observed on the clinical trials 
reviewed in this Application.  
 

9.9.3. Additional Safety Issues From Other Disciplines  

Not applicable.  

9.10. Integrated Assessment of Safety 

The primary data in support of the safety for the proposed indication came from Study 
CA180372, in which 106 pediatric patients with newly diagnosed Ph+ ALL (104 with this 
confirmed diagnosis) were treated with dasatinib, including 81 who received exclusively tablet 
formulation and 25 who received at least one dose of PFOS, in combination with the multiagent 
chemotherapy backbone as per AIEFOP-BFM ALL2000. The median dose intensity for dasatinib 
was 99% in the tablet only group, and the majority of patients (83%) achieved a dose intensity 
of >80%.  The median dasatinib exposure was 23.6 months, such that majority of patients 
received all 24 months of dasatinib therapy as dictated per protocol.  
 
The study population was monitored for deaths, SAEs, common AEs of various toxicity grades, 
and common laboratory tests. On Study CA180372, there were 15 deaths overall (14%) 
including 11 (14%) in the tablet only population, none of which occurred during the first 60 days 
of therapy. Of the 5 deaths (5%) that occurred in all 106 treated patients, including 3(4%) in the 
tablet only group, that occurred within 30 days of the last dose of dasatinib, the most common 
cause of death was infection. There were no deaths during the actual induction cycles IA and IB, 
and there were 2 deaths (2% of the tablet only population) during consolidation therapy. 
Infection was also the most common reason for permanent discontinuation of dasatinib 
treatment on the study.  
 
Common TEAEs (>20%) on Study CA180372 were mucositis, febrile neutropenia, pyrexia 
diarrhea, nausea, vomiting, musculoskeletal pain, abdominal pain, cough, headache, rash 
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fatigue, arrhythmia, hypertension, oedema, viral infection, hypotension, altered state of 
consciousness, hypersensitivity, dyspnea, epistaxis, peripheral neuropathy, sepsis (excluding 
fungal), fungal infection, pneumonia (excluding fungal), pruritis, clostridium infection (excluding 
sepsis), UTI, bacteremia (excluding fungal), pleural effusion, sinusitis, dehydration, renal 
insufficiency, visual impairment, conjunctivitis, dizziness, muscle weakness, haematochezia 
anxiety, flushing and balance disorder. The most common (>10% ) TEAE grade >3 in the tablet 
only population were mucositis, febrile neutropenia, pyrexia, diarrhea, nausea, vomiting, 
musculoskeletal pain, abdominal pain, headache, arrhythmia, hypertension, viral infection, 
hypotension, hypersensitivity, dyspnea, sepsis (excluding fungal), fungal infection, pneumonia 
(excluding fungal), clostridium infection (excluding sepsis), UTI, bacteremia (excluding fungal), 
and sinusitis. Due to the single arm study design and the administration of dasatinib in the 
context of multiple chemotherapeutic agents with known toxicity profiles that include many of 
the ARs listed here, the contribution of dasatinib to these ARs cannot be definitively 
determined nor excluded. However, although these common ARs should be included in section 
6 of the PI for this study, no new warnings and precautions are warranted at this time.  
 
While supportive safety data from Study CA180204 was submitted and reviewed with this 
sNDA, the differences in backbone chemotherapy regimen, small number of patients (N=20) 
who received continuous dasatinib, and different toxicity profile precluded inclusion of this 
data in the PI at this time.  

10. Advisory Committee Meeting and Other External Consultations 

This Application was not presented to the Oncologic Drug Advisory Committee or any other 
external consultants. 

11. Labeling Recommendations 

11.1. Prescription Drug Labeling 

See also sections 6.1, 6.2 and 8.7 for a more detailed description of the analyses and thinking 
behind the labeling recommendations. 
 
In summary: 
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See final agreed upon prescribing information at the time of approval for final labeling 
recommendations.  

11.2. Nonprescription Drug Labeling 

Not applicable. 

12. Risk Evaluation and Mitigation Strategies (REMS) 

It was concluded that a REMS is not needed to ensure that the benefits of dasatinib in 
combination with multiagent chemotherapy outweigh its risks in the intended population. 
Healthcare providers who will prescribe and administer dasatinib are likely to be able to 
monitor for and manage the dasatinib-related adverse reactions without additional risk 
mitigation measures beyond labeling, which includes a Medication Guide. 
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Blinatumomab prescribing information. 
https://www.accessdata.fda.gov/drugsatfda docs/label/2014/125557lbl.pdf 
Inotuzumab Ozogamicin prescribing information. 
https://www.accessdata.fda.gov/drugsatfda docs/label/2017/761040s000lbl.pdf 

14.2. Financial Disclosure 

  
Covered Clinical Study (Name and/or Number):  and  
 

Was a list of clinical investigators provided:  
 

Yes   No  (Request list from 
Applicant) 

Total number of investigators identified:  ) and  ) 

Number of investigators who are Sponsor employees (including both full-time and part-time 
employees): none.  
 
Number of investigators with disclosable financial interests/arrangements (Form FDA 3455): 
1 ( ) and 4 (  

If there are investigators with disclosable financial interests/arrangements, identify the 
number of investigators with interests/arrangements in each category (as defined in 21 CFR 
54.2(a), (b), (c) and (f)): 

Compensation to the investigator for conducting the study where the value could be 
influenced by the outcome of the study:       

Significant payments of other sorts: 1  and 1 ( ) 

Proprietary interest in the product tested held by investigator:       

Significant equity interest held by investigator in S 

Sponsor of covered study  (  

Is an attachment provided with details 
of the disclosable financial 
interests/arrangements:  

Yes   No  (Request details from 
Applicant) 
 

Is a description of the steps taken to 
minimize potential bias provided: 

Yes   No  (Request information 
from Applicant) 

Number of investigators with certification of due diligence (Form FDA 3454, box 3)  
and  (C ) 

Is an attachment provided with the 
reason:  

Yes   No  (Request explanation 
from Applicant) 
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14.3.  Details of the AIEOP-BFM ALL Chemotherapy Backbone Used in 
Combination with Dasatinib on CA180372 
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Source: Applicant CSR, Study CA180372 Apendix 1.1, page 1361-1365 
 
14.4 Grouped Terms Used for the Safety Review  

 
Abdominal pain  abdominal pain, abdominal discomfort 
  abdominal pain upper, abdominal pain lower 
Altered state of 
consciousness  

memory impairment, depressed level of consciousness, lethargy, confusional state, 
encephalopathy, delirium, somnolence, irritability, hallucination 

Anemia anemia, rbc decreased, hemoglobin decreased  
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Arrhythmia arrhythmia supraventricular, bradycardia,bundle branch block right, cardiac arrest, sinus 
bradycardia, sinus tachycardia, tachycardia 

Bacteremia (excluding 
fungal)  

bacteraemia, escherichia bacteraemia, pseudomonal bacteraemia, enterobacter bacteraemia, 
klebsiella bacteraemia 

Balance disorder ataxia, gait disturbance 
Mucositis anorectal discomfort,  gastritis, gingival pain,gingival ulceration,  laryngeal inflammation, 

 mucosal inflammation, oesophageal ulcer, oral mucosal erythema,oropharyngeal pain, 
pharyngeal inflammation,proctalgia, stomatitis 
tongue ulceration, aphthous ulcer, gingival erythema,gingival swelling, gingivitis, mouth 
ulceration, mucosal ulceration, oesophagitis, oral pain, pharyngeal erythema, pharyngitis, 
proctitis, throat irritation 

Cardiac Failure cardiac failure , left ventricular dysfunction 
Clostridial infection 
(excluding sepsis) 

clostridial infection,  clostridium difficile colitis, gastroenteritis clostridial, clostridium difficile 
infection,  

Conjunctivitis 
  

conjunctivitis allergic, conjunctivitis, conjunctivitis viral 

Cough  cough, productive cough 
Diarrhea  
  

diarrhoea, colitis, diarrhea haemoorhagic, enterocolitis, enteritis, gastroenteritis 
, enterocolitis haemorrhagic,  neutropenic colitis 

Dyspnea dyspnea, respiratory failure, bronchospasm, respiratory distress, wheezing 
Fatigue fatigue , asthenia 
Fungal infection  abscess fungal, candida infection, fungaemia, fungal infection, fungal sepsis, fungal tracheitis, oral 

candidiasis, oral fungal infection, pneumonia fungal, pulmonary mycosis, skin candida, splenic 
infection fungal, systemic candida, systemic mycosis, tinea infection, urinary tract infection fungal, 
vulvovaginal candidiasis 

Headache  headache, sinus headache 
Hyperglycemia  blood glucose increased, hyperglycaemia 
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Hypersensitivity  anaphylactic reaction,drug hypersensitivity, hypersensitivity 
 urticaria, infusion related reaction 

Hypertension hypertension blood pressure increased 
Hypoalbuminaemia hypoalbuminemia blood albumin decreased 
Hypocalcaemia hypocalcemia blood calcium decreased 
Hypogammaglobulinaemia hypogammaglobulinemia blood immunoglobulin g decreased 
Hypotension hypotension blood pressure decreased 
Hyperbilirubinaemia hyperbilrubinemia blood bilirubin increased 
Hypertransaminasemia alanine aminotransferase increased, aspartate aminotransferase increased, transaminases 

increased, liver function test increased 
Leukopenia leukopenia , wbc count decreased 
Lymphopenia lymphopenia lymphocyte count decreased 
Musculoskeletal pain 
  
 

arthralgia, bone pain, musculoskeletal chest pain, myalgia, non-cardiac chest pain, pain in jaw, 
back pain, facial pain, musculoskeletal pain, neck pain, pain in extremity, spinal pain 

Neutropenia neutropenia, neutrophil count decreased 
Oedema  eyelid oedema, face oedema, fluid overload, generalized oedema, gravitational oedema, localized 

oedema, oedema, oedema genitral, oedema peripheral, periorbital oedema, peripheral swelling, 
scrotal oedema, swelling face, testicular swelling 

Pancreatitis  pancreatitis acute,  pancreatitis 
Peripheral neuropathy hyperaesthesia, neuropathy peripheral, peripheral motor neuropathy, polyneuropathy, 

 dysaesthesia, hypoaesthesia, paraesthesia 
peripheral sensory neuropathy 

Pneumonia (excludes fungal)  lung infiltration, lung infection, pneumonia bacterial, pneumonia viral, pneumonia 
pneumonia klebsiella 

Pruritis eye pruritus, pruritus generalised, pruritis, ear pruritus, vulvovaginal pruritus 
Rash dermatitis, dermatitis acneiform ,dermatitis allergic, dermatitis contact 

dermatitis diaper, drug eruption, eczema, exfoliative rash,  rash 
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rash erythematous, rash follicular, rash generalised, rash macular, rash maculo-papular, rash 
papular, rash pruritic, rash pustular, seborrhoeic dermatitis, skin exfoliation 

Renal insufficiency acute kidney injury, blood creatinine increased, renal failure, renal impairment 
Sepsis (excluding fungal) bacterial sepsis, device related sepsis, escherichia sepsis, sepsis, septic shock, staphylococcal 

sepsis, streptococcal sepsis, bacterial sepsis, device related sepsis, escherichia sepsis, sepsis, septic 
shock, staphylococcal sepsis, streptococcal sepsis 

Speech disorder dysarthria, dysphagia, dysphonia 
Thrombocytopenia  thrombocytopenia, platelet count decreased 
Thrombosis thrombosis, embolism 
Sinusitis sinus disorder, sinusitis 
Urinary tract infection (UTI) culture urine positive, cystitis, escherichia urinary tract infection, urinary tract infection, urinary 

tract infection bacterial, urinary tract infection enterococcal 
Dizziness dizziness, vertigo 
Viral infection corona virus infection, cytomegalovirus infection, herpes simplex, herpes zoster, influenza, oral 

herpes, parainfluenzae virus infection, respiratory syncytial virus infection, rhinovirus infection, 
viral upper respiratory tract infection 

Visual impairment Diplopia, Vision blurred, Visual acuity reduced 
 
14.5 Exclusivity Determination review 
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