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DISCLAIMER STATEMENT
The attached package contains background information prepared by the Food and Drug Administration
(FDA) for the panel members of the advisory committee. The FDA background package often contains
assessments and/or conclusions and recommendations written by individual FDA reviewers. Such
conclusions and recommendations do not necessarily represent the final position of the individual
reviewers, nor do they necessarily represent the final position of the Review Division or Office. We
have brought the pexidartinib NDA to this Advisory Committee in order to gain the Committee’s
insights and opinions, and the background package may not include all issues relevant to the final
regulatory recommendation and instead is intended to focus on issues identified by the Agency for
discussion by the advisory committee. The FDA will not issue a final determination on the issues at
hand until input from the advisory committee process has been considered and all reviews have been
finalized. The final determination may be affected by issues not discussed at the advisory committee
meeting.
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1. PROPOSED INDICATION
The applicant, Daiichi Sankyo, Inc. (Daiichi Sankyo) is seeking approval for the following indication:
Pexidartinib is a kinase inhibitor indicated for adult patients with symptomatic tenosynovial
giant cell tumor (TGCT) which is associated with severe morbidity or functional limitations,
and which is not amenable to improvement with surgery.

2. EXECUTIVE SUMMARY
Tenosynovial giant cell tumor (TGCT) is a rare, nonmalignant tumor involving the synovium,
bursae, or tendon sheath. TGCT can be locally aggressive and debilitating in some patients.
Surgical resection is the primary treatment; however, in patients whose disease is not amenable
to surgical resection, treatment options are limited as there are no approved systemic therapies
for this disease.
On December 3, 2018, Daiichi Sankyo submitted New Drug Application (NDA) 211810 for
pexidartinib for the proposed indication. Daiichi Sankyo requests approval based primarily on
the results of a randomized (1:1), double-blind, placebo-controlled trial, PLX108-10
(ENLIVEN), conducted in patients with TGCT not amenable to surgical resection. The primary
efficacy outcome measure in ENLIVEN was overall response rate (ORR) at Week 25 as assessed
by blinded independent central review (BICR) according to the Response Evaluation Criteria in
Solid Tumors (RECIST) v1.1. This trial was designed to enroll a total of 126 patients to provide
90% power to detect a difference in ORR at a two-sided alpha level of 0.05, assuming an ORR of
10% in the placebo arm and an ORR of 35% in the pexidartinib arm.
A hierarchical procedure was specified in the analysis plan to adjust for multiplicity in testing the
secondary efficacy outcomes in the order listed below:
1. Mean change from baseline in range of motion (ROM) of the affected joint, relative to a
reference standard for the same joint at Week 25
2. Proportion of responders based on a 50% reduction in tumor volume score (TVS) at
Week 25 as measured in centrally evaluated MRI scans
3. Mean change from baseline score in the Patient-Reported Outcomes Measurement
Information System (PROMIS®) Physical Function Scale at Week 25
4. Mean change from baseline score in the Worst Stiffness numeric rating scale (NRS) item
at Week 25
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interruptions of pexidartinib were increased AST, increased ALT, increased alkaline phosphatase, and
nausea.
Major Issues for Discussion at ODAC
• Assessment of Clinical Benefit: Interpreting the clinical meaningfulness of the observed ORR in
the context of a disease setting characterized by an often progressive and debilitating but slowgrowing and benign tumor poses some challenges in evaluating the durability of tumor responses
in the ENLIVEN trial. Patients with TGCT experience symptoms such as pain, stiffness,
swelling, and impairment in ROM, which can cause severe functional impairment. Therefore, the
evaluation of the effects of pexidartinib on the symptomatic aspects of the disease requires COAs
that are valid, reliable and clinically relevant. A key issue for this application is whether the
results of the COA measures provide evidence of benefit for the functional aspects of the disease.
While the analysis of the COA secondary endpoints of ROM, physical function, and worst
stiffness demonstrated a statistically significant improvement in mean change from baseline to
Week 25 for the pexidartinib arm compared to the placebo arm, the interpretability of these
results is limited due to several factors, including uncertainty regarding the threshold for what
constitutes a clinically meaningful within-patient change in ROM, and a high level of missing
data at Week 25. A primary concern regarding missing COA data is that the assessments may not
be missing at random, therefore imputation may lead to a biased interpretation of the benefit of
pexidartinib based on COA data.
Characterizing Liver Injury: A key issue for this application has been to define the risk of
liver injury in patients who receive pexidartinib. A majority of patients who received this
drug experienced elevations in transaminase values. In the ENLIVEN trial, ALT, AST,
and total bilirubin elevations occurred in 67%, 90%, and 12% of patients, respectively,
with Grade ≥3 severity in one third of patients. In the ENLIVEN trial, 4.9% (upper bound
of the 95% CI: 13.7%) of patients had laboratory abnormalities indicative of drug
induced liver injury (i.e., a total bilirubin of greater than or equal to 2 times [x] the upper
limit of normal [ULN] and an AST or ALT greater than or equal to 3 x ULN). This
pattern was consistent with that observed in a pooled analysis of all TGCT patients in the
pexidartinib development program (N=130). The majority of patients in the TGCT
population who experienced transaminase elevations and total bilirubin increase had
improvement to baseline levels with dose reductions, dose interruption, and/or
discontinuation of pexidartinib.
In the pooled safety population of 630 pexidartinib-treated patients with solid tumors or
hematologic malignancies who received pexidartinib as a single agent or in combination with
other therapies in commercial-sponsored trials, 2.5% (upper bound of the 95% CI: 4.1%) of
patients had a total bilirubin of greater than or equal to 2 x ULN and an AST or ALT greater than
or equal to 3 x ULN).
Across the overall development program (commercial-sponsored and investigator-initiated
trials), two of 768 pexidartinib-treated patients (observed rate 0.3%; upper bound of the 95% CI:
7
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0.9%) experienced irreversible liver injury, resulting in liver transplantation in one patient and
death in another. The patient who received a liver transplant received pexidartinib in
combination with paclitaxel in an investigator-initiated trial.
There were eight patients across the development program (n=768) in whom liver biopsies were
obtained to evaluate significant transaminase and/or total bilirubin abnormalities while receiving
pexidartinib; the findings reveal a pattern of hepatocellular injury as well as injury to bile ducts/
ductopenia. Because serial liver biopsies were not performed in these patients, determining
whether the injury to bile ducts, when present, is progressive even in the setting of an
improvement or normalization of the biochemical laboratory parameters, is an area of
uncertainty. Furthermore, it is unclear in what proportion of patients pexidartinib causes subacute
or chronic injury and if any ongoing subacute or chronic injury may result in clinically important
sequalae such as liver failure resulting in the need for liver transplantation or death.
An additional area of uncertainty is the lack of understanding of the potential long-term effects
of pexidartinib given that patients with TGCT will likely be exposed to pexidartinib as a chronic
medication. In the ENLIVEN trial, a small number of patients had long-term exposure to
pexidartinib: 22 patients had been treated for more than 18 months, 17 patients had been treated
for more than 24 months, and one patient had been treated for more than 48 months at the time of
data cut off.

3. BACKGROUND
3.1 Tenosynovial Giant Cell Tumor (TGCT)
TGCT is a rare, usually monoarticular, nonmalignant neoplasm involving the synovium and tendon
sheaths that presents in young and middle-aged adults of both genders (1). Patients are usually
diagnosed between the ages of 20 and 60 years and most often present with pain and swelling at the
affected joint (2). Symptoms are generally minimal at first due to the slowly progressive nature of the
disease; however, as the tumors expand within the intra-articular space and surrounding tissue, patients
develop pain, stiffness, swelling and reduced range of motion. TGCT is diagnosed based on pathological
evaluation; however, features highly suggestive of the disease may be found on radiologic imaging,
particularly on magnetic resonance imaging (MRI) (3).
Giant cell tumor of the tendon sheath (GCT-TS) is the localized type of TGCT most commonly
occurring in the wrist and finger joints. Pigmented villonodular synovitis (PVNS) is the diffuse type of
TGCT; it more frequently involves the knee but may also involve the ankle and hip. GCT-TS and PVNS
have an estimated annual incidence of 1.8 cases per million and 9.2 cases per million, respectively, in
the United States (2).
PVNS and GCT-TS have a common immunophenotype, pathogenesis, and genetic profile. The tumors
consist of collections of mononuclear and multinucleated giant cells, and tumor growth appears to be
8
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Primary
Endpoint

ORR per RECIST v1.1 assessed by
BICR at Week 25

ORR per RECIST v1.1 assessed by
investigator

Figure 1 presents the study scheme from ENLIVEN. The current submission focuses on Part 1 of the
study for efficacy and safety data.
Figure 1: ENLIVEN Study Schema

Source: Reviewer generated

4.2 Study Population
ENLIVEN enrolled adult patients with a histological diagnosis of PVNS or GCT-TS. Patients
had to have disease where surgical resection would be associated with potentially worsening
functional limitation or severe morbidity. The determination of morbidity was by qualified
personnel (e.g., two surgeons or a multidisciplinary tumor board). Additional key entry criteria
included the presence of the following:
• measurable disease as defined by RECIST 1.1 (except that a minimal size of 2 cm is
required), assessed from MRI scans by a central radiologist
• symptomatic disease because of active PVNS or GCT-TS, defined as one or more of the
following:
• a worst pain of at least 4 at any time during the week preceding the Screening Visit
(based on scale of 0 to 10, with 10 representing “pain as bad as you can imagine”).
12
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•

a worst stiffness of at least 4 at any time during the week preceding the Screening Visit
(based on a 0 to 10 with 10 representing “stiffness as bad as you can and imagine”).
stable prescription of analgesic regimen during the 2 weeks prior to randomization

Refer to Appendix 3 for key eligibility criteria for the ENLIVEN trial. The TGCT cohort in
Study PLX108-01 was similar in the key disease characteristics.
4.3 Efficacy and Safety Assessments
Refer to Appendix 1 for an overview of study tumor and safety monitoring.
Tumor Response Assessments
Tumor response assessments in ENLIVEN were conducted at Screening, Week 13 (Cycle 4, Day
1) and Week 25 by magnetic resonance imaging (MRI) according to RECIST v 1.1 criteria.
Tumor response assessments for PLX108-01 were conducted at baseline and every 8 weeks
thereafter by MRI according to RECIST v 1.1.
TVS is a scoring system evaluating tumor mass and is an extension of the synovitis scale of the
Rheumatoid Arthritis MRI score and Whole Organs MRI score. The ENLIVEN Statistical
Analysis Plan (SAP) defined the TVS criteria as follows:
•
•
•
•

Complete response: lesion completely gone
Partial response: ≥ 50% decrease in volume score relative to baseline
Progressive disease: ≥ 30% increase in volume relative to lowest score during the study
Stable disease: does not meet any of the prior criteria

Clinical Outcome Assessments (COA)
The ENLIVEN trial evaluated Range of Motion (ROM); Patient-Reported Outcomes
Measurement Information System (PROMIS®)-Physical Function items; Worst Stiffness
numeric rating scale (NRS) item, and Brief Pain Inventory (BPI)-Worst Pain NRS item. These
COA measures are described below.
Range of Motion (ROM)
This is a clinician-reported outcome assessment designed to assess the ROM of a single joint
(i.e., planes of movement expressed in degrees). Independent and blinded third-party assessors
performed this at Screening and at Weeks 13 and 25, using goniometers.
ROM was calculated as follows (expressed in percent):
Relative ROM = 100 x (absolute ROM measured) / (reference ROM standard)
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Each item uses a 5-point verbal rating scale (1=“unable to do,” 2=“with much difficulty,”
3=“with some difficulty,” 4=“with a little difficulty,” and 5=“without any difficulty”). There is
no specified recall period for the items.
The score for the PROMIS® Physical Function items is represented by a T-score (a standardized
score with a mean of 50 and a standard deviation of 10) that ranges from 0 to 100, with a higher
score indicating better physical function status.
Worst Stiffness NRS
This is a single item PRO instrument designed to assess “worst” stiffness at the site of the
tumor. This instrument uses an 11-point NRS, ranging from 0 (“no stiffness”) to 10 (“stiffness
as bad as you can imagine”). Patients in ENLIVEN were asked to recall their “worst” stiffness at
the site of their tumor in the past 24 hours.
Patients used the LogPad to complete the Worst Stiffness NRS instrument at home during the
seven consecutive days prior to Screening, Weeks 1, 9, 17 and 25; and post-treatment visit for
Part 1. A minimum of four out of the seven days was required to compute the mean; otherwise it
was set to missing. At baseline, patients completed the instrument during the two-week period
prior to Cycle 1 to be consistent with the protocol schedule of study procedures. If there were
multiple 7-day intervals, the most recent Worst Stiffness NRS score was used as the baseline
value.
The score for the Worst Stiffness NRS item ranges from 0 to 10, with higher scores indicating
greater severity of worst stiffness.
Brief Pain Inventory (BPI) Worst Pain NRS item
This is a single item PRO instrument designed to assess “worst” pain. This instrument uses an
11-point NRS, ranging from 0 (“no pain”) to 10 (“pain as bad as you can imagine”). Patients in
ENLIVEN were asked to recall their “worst pain” in the past 24 hours.
Patients used the LogPad to complete the BPI Worst Pain NRS instrument at home during the
seven consecutive days prior to Screening, Weeks 1, 9, 17 and 25; and post-treatment visit for
Part 1. A minimum of four out of the seven days was required to compute the mean; otherwise it
was set to missing. At baseline, patients completed the instrument during the two-week period
prior to Cycle 1 to be consistent with the protocol schedule of study procedures. If there were
multiple 7-day intervals, the most recent BPI Worst Pain NRS score was used as the baseline
value.
The score for the BPI Worst Pain NRS item ranges from 0 to 10, with higher scores indicating
greater severity of pain.
4.4 Toxicity Management Guidelines
15
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The ENLIVEN trial protocol permitted dose reductions and/or dose interruption of study drug at
any time during treatment. Dose modifications guidelines for the management of hepatotoxicity
are shown in Table 5. Toxicity management guidelines for Study PLX108-01 were similar to
those in the ENLIVEN trial.
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See protocol specified Liver Evaluation Guidelines below.
Source: ENLIVEN Protocol Version 9 dated December 17, 2017

Additional Liver Evaluation Guidelines are shown below:

Source: ENLIVEN Protocol Version 9 dated December 17, 2017

4.5 Statistical Analysis Plan
18
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The primary endpoint of ENLIVEN was ORR at Week 25 as assessed by blinded independent
central review (BICR) per RECIST v1.1. The primary analysis was a Fisher’s exact test
performed on the intent-to-treat (ITT) population, and the Wilson method was used to estimate
the two-sided 95% confidence interval (CI) for ORR.
The trial was designed to accrue 126 patients to provide 90% power to detect a significant
difference in ORR at a two-sided alpha level of 0.05, assuming an ORR of 10% in the placebo
arm and of 35% in the pexidartinib arm. There were no pre-specified interim analyses.
A hierarchical procedure was proposed to adjust for multiplicity in testing the key secondary
endpoints in the following order:
1. Mean change from baseline in range of motion (ROM) of the affected joint, relative to a
reference standard for the same joint at Week 25
2. Proportion of responders based on centrally evaluated MRI scans and tumor volume score
(TVS) at Week 25
3. Mean change from baseline score in the PROMIS® Physical Function Scale at Week 25
4. Mean change from baseline score in the Worst Stiffness NRS item at Week 25
5. Proportion of responders based on BPI Worst Pain NRS item and narcotic analgesic use
(BPI-30) at Week 25
The secondary analyses of ROM, physical function, and worst stiffness were based on a mixed
model for repeated measurements (MMRM) using data from visits up to Week 25. The models
of change from baseline included fixed effects for treatment arm, visit, treatment arm-by-visit
interaction, region (U.S. vs non-U.S.), baseline, and baseline-by-visit interaction. The analysis of
ROM also accounted for joint type (knee, ankle or other). The secondary analyses of ORR per
TVS and worst pain used a Fisher’s exact test. A responder for BPI-30 was defined as a patient
who experienced a decrease of at least 30% in the mean BPI Worst Pain NRS item and did not
experience a ≥ 30% increase in narcotic analgesic use.
4.6 Major Protocol Amendments
In Protocol Version 8 (September 11, 2017), Daiichi Sankyo revised the hierarchical testing
order for the secondary endpoints based on blinded assessments of the database prior to the lock
and unblinding of the data, which revealed a substantial amount of missing Week 25 patientreported outcome (PRO) assessments, specifically for BPI-30, PROMIS® Physical Function
items, and Worst Stiffness NRS.
The proportion of responders based on BPI-30 was moved from position # 1 to position #5 and
ROM was moved from position #3 to position #1 in the hierarchy of secondary endpoints;
Daiichi Sankyo considered ROM to be a clinically relevant endpoint with higher completion rate
(Table 6).
19
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disease characteristics for patients enrolled in the ENLIVEN trial. The baseline patient
demographics and disease characteristics for patients with TGCT enrolled in Study PLX108-01
were generally similar to the ENLIVEN trial and are provided in Table 27 and Table 28 in
Appendix 4.
Patient Disposition
Table 28 and Table 29 in Appendix 5 provide information on patient disposition for Part 1 of the
ENLIVEN Trial. The majority of patients in both the placebo arm (81%) and the pexidartinib arm (85%)
completed study drug to Week 25 in Part 1 of the trial. Of those patients treated with pexidartinib, 8
patients discontinued their protocol-assigned drug for an adverse event and 1 patient withdrew consent.
Among the patients who received pexidartinib (n=61) or placebo (n=59) in Part 1 of the
ENLIVEN trial, 48 patients (75%) and 30 (51%), respectively, received pexidartinib in Part 2 of
the ENLIVEN trial; at data cut off, 39 of 48 patients, and 26 of 30 patients (a total of 65 patients)
were still receiving pexidartinib in Part 2. A total of 5 patients (6%) discontinued pexidartinib
due to adverse events and 6 (8%) patients withdrew consent to remain on study in Part 2.
Disposition for patients in Study PLX108-01 was generally similar to that observed in the
ENLIVEN trial. Details can be found in Table 30 in Appendix 5.
4.7.1 Efficacy Results
4.7.1.1 Primary Endpoint
Overall Response Rate
The analysis of the primary efficacy endpoint in the ENLIVEN trial (based on a data cutoff date
of March 27, 2017) demonstrated a statistically significant difference in ORR between the
pexidartinib and placebo arms, favoring pexidartinib (Table 7).
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Pooled data from several clinical studies of pexidartinib in patients with advanced solid tumors
and hematologic malignancies provide supportive safety data (n=630). In these studies, patients
received pexidartinib as a single agent or in combination with other therapies. Table 17 lists all
studies included in the pooled safety analysis population; this pooled population includes 39
patients with TGCT from Study PLX108-01, 174 patients with malignant solid tumors, and 90
patients with acute myeloid leukemia (AML); all these patients received various doses of
pexidartinib as a single agent in several clinical studies. Additionally, 236 patients with
malignant solid tumors who received pexidartinib in combination with other anti-neoplastic
therapies are included in the pooled analysis set. In the assessment of irreversible liver injury,
Daiichi Sankyo provided summary information on 138 patients with both solid and hematologic
malignancies who received pexidartinib in investigator-initiated studies.
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Figure 3: ALT/AST Values Over Time for Patients Randomized to Pexidartinib in ENLIVEN

Source: Reviewer generated figure -- summarizing laboratory analysis dataset (ADLB, March 27, 2017 data cutoff date,
submitted by Applicant)

38

NDA 211810
Pexidartinib

ODAC Briefing Document

Figure 4: Bilirubin* Values Over Time for Patients Randomized to Pexidartinib in ENLIVEN

Source: Reviewer generated figure -- summarizing laboratory analysis dataset (ADLB, March 27, 2017 data cutoff date,
submitted by Applicant)
*Total bilirubin

Patients who were randomized to placebo in Part 1 and received open-label pexidartinib in Part 2
had a similar pattern of AST, ALT and total bilirubin elevations as those who were initially
randomized to the pexidartinib arm in Part 1.
Action Taken in Response to Liver Toxicity
Table 24 displays the action taken with pexidartinib in response to elevations in transaminases or
total bilirubin in 86 of 91 patients who received pexidartinib in Part 1 and Part 2 of the
ENLIVEN trial. The time course for improvement in liver enzymes in patients randomized to
pexidartinib ranged from 1 to 7 months.
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•

52-year-old male randomized to pexidartinib with transaminases and total bilirubin within
normal limits at the time of enrollment in the ENLIVEN trial. Patient was started on
pexidartinib 1000 mg/day and reduced to 800 mg/day on Day 15 per protocol. On Day 29 of
the trial the patient was noted to have an ALT 3 × ULN and AST 4 × ULN, and ALP, TBIL
and DBIL that were within normal limits. Peak laboratory values were ALT 9 × ULN, AST 5
× ULN, ALP 2 × ULN, TBIL 7 × ULN and DBIL 18 × ULN. Pexidartinib was first
interrupted when patient presented with jaundice and TBIL was also elevated and then
permanently discontinued. A computed tomography (CT) scan of the abdomen was
performed and showed a contracted gallbladder with mild enhancement of the gallbladder
wall without definite intra- or extrahepatic ductal dilation. The patient did not require any
additional treatment for hepatotoxicity. On Day 58 (1.9 months), the event of hepatotoxicity
was consider resolved with the following lab values ALT 2 × ULN, AST 3 × ULN, and ALP
2 × ULN; and TBIL and DBIL were within normal limits.

•

67-year-old female randomized to pexidartinib with transaminases and total bilirubin within
normal limits at the time of enrollment in the ENLIVEN trial. Patient was started on
pexidartinib 1000 mg/day and reduced to 800 mg/day on Day 15 per protocol. On Day 43 of
the trial the patient was noted to have ALT 3× ULN, AST 4 × ULN, and ALP 1 × ULN;
TBIL and DBIL were within normal limits. Peak laboratory values were ALT 8 × ULN,
AST 5 × ULN, ALP 3 × ULN, TBIL 7 × ULN and DBIL 4 × ULN. Pexidartinib was
permanently discontinued on Day 43 of the trial. An abdominal ultrasound and echography
showed increased signal intensity meaning hepatic steatosis without pathological images; no
dilatation of the bile duct; gallbladder was of normal size and liquid content without stones or
other findings. The patient required hospitalization as well as antimicrobial treatment for
cholangitis. Day 118 (3.9 months) the event of hepatotoxicity was considered resolved when
the transaminases and total bilirubin were within normal limits.

Overall Safety Database
Irreversible Hepatotoxicity
• A 60-year-old female with breast cancer initiated on Trial IST3397-006 with liver enzymes
and total bilirubin within normal limits at enrollment. The patient received pexidartinib at
600 mg BID and paclitaxel 155 mg IV weekly. On Day 19, the patient presented with fever,
chills, sore throat, and right upper quadrant pain. The patient was noted to have ALT 1 ×
ULN and AST 2 × ULN; ALP, TBIL and DBIL were within normal limits. Peak laboratory
abnormalities were ALT 12 × ULN, AST 8 × ULN, ALP 4 × ULN, TBIL 25 × ULN, and
DBIL 5 × ULN. Pexidartinib and paclitaxel were permanently discontinued due to the initial
hepatic abnormalities. Liver biopsy revealed cholestasis and severe steatosis. Hepatologist
consultation suspected drug-induced vanishing bile duct syndrome. Other medical
complications associated with hepatoxicity and elevated bilirubin were a diagnosis of
cholecystitis resulting in cholecystectomy; pathology was noted to be consistent with
cholecystitis. Approximately 20 months after the first dose of study medications, the patient
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underwent a liver transplantation. On Day 103, post-transplant hepatic parameters were
within normal range.
•

A 66-year-old female with Stage IIIC mucosal melanoma was initiated on trial PLX108-13
with hepatic enzymes ALT 2 × ULN, AST 2 × ULN and total bilirubin within normal limits
at screening. The patient was started on pexidartinib 1000 mg/day, cisplatin, temozolonmide,
and recombinant human endostatin. On Day 21, ALT 8 × ULN, AST 11 × ULN, TBIL was
reported to be Grade 2 (laboratory value not reported) and DBIL was elevated to Grade 3
(laboratory value not reported). Peak laboratory abnormalities were ALT 10 × ULN, AST 11
× ULN, ALP 5 × ULN, TBIL 18 × ULN, and DBIL 60 × ULN. Pexidartinib was
permanently discontinued on Day 26. A CT scan demonstrated residual tumors in the vaginal
mucosa with no liver or lung metastasis. An abdominal ultrasound noted multiple hepatic
cysts and possible chronic cholecystitis. The gallbladder showed poor filling with rough wall
thickening but no dilation, and liver was normal in size and morphology. Medical treatments
for hepatic failure included silbyum marianum, UDCA, and unspecified Chinese herbal
medication as well as two rounds of bilirubin absorption. The patient continued to receive
‘liver-protecting’ therapy including Chinese herbs but refused food and water for 2 weeks
prior to coma. On Day 123 the patient died due to disease progression and cachexia. Hepatic
enzymes and total bilirubin had continued to worsen until the time of death.

Liver Biopsy Results
Across the pexidartinib commercial development program, 8 of 768 patients underwent liver
biopsies for evaluation of liver test abnormalities. One of these biopsies was obtained in a patient
enrolled in the ENLIVEN trial while the other 7 were obtained in patients with other solid
tumors across the development program. Seven of these biopsies showed ductopenia,
cholestasis, or bile duct injury. The eighth patient had a biopsy that revealed mild apoptotic
hepatocellular injury with minimal inflammation and no fibrosis. Steatosis was also noted in 3 of
the 8 biopsies, (2 cases described as mild and the 3rd described as severe). No patients had a
second biopsy to evaluate for progression or resolution of their biopsy findings after hepatic
laboratory parameters normalized. Narratives for the eight patients who had liver biopsies can
be found in section 4.8 and Appendix 8.

5. SUMMARY DRAFT LABELING RECOMMENDATIONS
Because the NDA is still under review, the proposed labeling recommendations are not described
in detail. However, should pexidartinib be approved, FDA recommends the following general
measures:
• inclusion of a Boxed Warning for the risk of hepatotoxicity and reference to the pexidartinib
risk evaluation and mitigation strategy (REMS) program that will be required to ensure safe
use.
• inclusion in labeling of Warning and Precautions subsections for hepatotoxicity.
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•

labeling to describe liver test monitoring at baseline prior to initiation of treatment, then
during treatment.

6. OVERVIEW OF RISK MITIGATION
The FDA has used a variety of strategies to minimize risks associated with drugs and therapeutic
biologics. The primary risk management tool is communicating through FDA-approved product
labeling, which includes a summary of the essential information needed by health care providers
for the safe and effective use of the drug. Labeling is sufficient for most drugs to ensure that the
benefits outweigh the risks. But in some cases, FDA may determine that a Risk Evaluation and
Mitigation Strategy (REMS) will also be needed to help ensure that the benefits of the drug
outweigh its risks. A REMS is a drug safety program that the FDA can require for certain
medications with serious safety concerns to help ensure the benefits of the medication outweigh
its risks. REMS are designed to reinforce medication use behaviors and actions that support the
safe use of a medication.
A REMS program can communicate specific risk information, as well as information regarding
safe use of the product. In addition, a REMS program can provide guidance and encourage
support adherence to certain prescribing, dispensing, or monitoring requirements, and/or limit
use of a product to only the most appropriate patients or healthcare setting where the benefits
outweigh the risks. Hepatotoxicity is the safety concern for which a REMS is being considered
for pexidartinib.
Section 505-1 of the Food, Drug, and Cosmetic Act (FDCA), added to the law by the Food Drug
Administration Amendments Act of 2007 (FDAAA) authorizes the FDA to require a
pharmaceutical manufacturer to develop and comply with a REMS for a drug if FDA determines
that a REMS is necessary to ensure that the benefits of the drug outweigh the risks. A REMS is a
required risk management plan that uses risk minimization strategies beyond the professional
labeling. The elements of a REMS can include: a Medication Guide or patient package insert
(PPI), a communication plan to healthcare providers or professional organizations, elements to
assure safe use, and an implementation system. FDAAA also requires that all REMS approved
for drugs or biologics under New Drug Applications (NDA) and Biologics License Applications
(BLA) have a timetable for submission of assessments of the REMS. These assessments are
prepared by the Applicant and reviewed by FDA.
A communication plan consists of FDA approved materials used to aid a sponsor’s
implementation of the REMS and/or inform healthcare providers about serious risk(s) of an
approved product. This can include, for example, “Dear Healthcare Professional” letters,
collaboration with professional societies, and education pieces (such as letters, drug fact sheets)
to inform prescribers of the risks and the safe use practices for the drug.
Elements to assure safe use (ETASU) can include one or more of the following requirements:
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•
•
•
•
•
•

Healthcare providers who prescribe the drug have training or experience or special
certifications
Pharmacies, practitioners, or healthcare settings that dispense the drug are specially
certified
The drug may be dispensed only in certain healthcare settings
The drug may be dispensed to patients with evidence of safe-use conditions
Each patient must be subject to monitoring
Patients must be enrolled in a registry

Because ETASU can impose significant burdens on the healthcare system and could contribute
to reducing patient access to treatment, ETASU are required only if FDA determines that the
product could be approved only if, or would be withdrawn unless, ETASU are required to
mitigate a specific serious risk listed in the labeling. Accordingly, the statute [FDCA 505-1(f)(2)]
specifies that ETASU:
• Must be commensurate with specific serious risk(s) listed in the labeling.
• Cannot be unduly burdensome on patient access to the drug.
• To minimize the burden on the healthcare delivery system, must, to the extent practicable,
conform with REMS elements for other drugs with similar serious risks and be designed
for compatibility with established distribution, procurement, and dispensing systems for
drugs.
Daiichi Sankyo’s Proposed REMS
Daiichi Sankyo submitted a REMS to mitigate the risk of hepatoxicity associated with
pexidartinib. The proposal specified the following goals:
1. Ensuring that healthcare providers are educated on the following:
a. approved indication for pexidartinib
b. the risk of serious and potentially fatal liver injury associated with the use of pexidartinib
c. liver monitoring at baseline and periodically during treatment with dose modifications as
described in the Prescribing Information
d. the need to counsel patients about the risk of serious and potentially fatal liver injury,
liver monitoring at baseline and periodically during treatment with pexidartinib as
described in the Patient Guide and to report signs and/or symptoms of liver injury to the
physician during therapy
2. Ensuring that patients are informed about:
a. the risk of serious and potentially fatal liver injury associated with the use of pexidartinib
b. frequency of liver monitoring and dose modifications as described in the Patient Guide
and the need to report any signs and/or symptoms of liver injury to the physician during
therapy

44

NDA 211810
Pexidartinib

ODAC Briefing Document

Daiichi Sankyo’s proposed REMS includes a communication plan, ETASU, an implementation
system, and a timetable for submission of assessments. The ETASU include the following
requirements:
• Prescriber education and certification on the indication for pexidartinib, the risks, and the
need to perform weekly monitoring of hepatic enzymes and bilirubin for the first 3 months,
as well as the need to counsel patients about the risks and the need for frequent monitoring.
• Pharmacy certification, to ensure that prescribers are educated and certified in the REMS
program prior to dispensing pexidartinib. In addition, pharmacies would be required to only
dispense a 30-day supply of pexidartinib for the first 3 months of therapy.
If pexidartinib is approved, FDA agrees that a REMS is necessary to ensure the benefits
outweigh the risks of hepatotoxicity.
The FDA’s rationale regarding the need for a REMS includes the following:
1. The risks with pexidartinib are serious and severe and may be unknown to the likely
prescribers since there are no other drug therapies approved for this condition.
2. Symptomatic tenosynovial giant cell tumor (TGCT) is associated with severe morbidity
and/or functional limitations but is not imminently life threatening.
3. Early recognition through weekly laboratory monitoring of ALT, AST and bilirubin
and dose interruptions, reductions or discontinuation may mitigate the risk of acute
hepatotoxicity.
4. Patients may be maintained on treatment for an undetermined time and less is known
about the risk of chronic hepatotoxicity associated with long-term use.
5. This is a new molecular entity; there is no experience with this drug class.
FDA is proposing the following additional component to Daiichi Sankyo’s proposed REMS:
• Inclusion of a patient registry to further characterize the risk of hepatotoxicity and better
inform risk mitigation strategies. All patients who are prescribed the medication will be
enrolled in the registry to enable collection of:
o baseline information (e.g., biochemical laboratory values, concomitant medications)
o periodic status reports on each patient and diagnostic work-up for patients that
experienced acute, long-term and/or irreversible liver toxicity.
Because the NDA is still under review, the proposal outlined above is subject to additional
changes.

7. SUMMARY AND CONCLUSIONS
TGCT is a rare benign tumor that causes significant morbidity in patients’ whose disease is not
amenable to surgical resection. In these patients, pain, swelling, stiffness and functional impairment are
common symptoms. There are no approved systemic therapies for this disease. Patients with resectable
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disease typically undergo surgery to remove the tumor and palliate symptoms and function. Total
removal of the tumor is often difficult due to the infiltrative growth pattern; many patients undergo reresection or treatment with other palliative treatments such as radiation and investigational systemic
therapies.
Daiichi Sankyo provided data from the ENLIVEN trial as the primary evidence of efficacy and safety to
support approval of pexidartinib. The ENLIVEN trial was designed to demonstrate the clinical benefit of
pexidartinib as measured by its effects on tumor response and on the symptoms of the disease. This trial
evaluated ORR as the primary efficacy outcome measure, with clinical outcome assessment (COA)
measures (pain, ROM, physical function, and worst stiffness) and ORR by tumor volume score (TVS),
as secondary efficacy outcome measures.
The ENLIVEN trial demonstrated an ORR of 39% (95% CI 28%, 52%) in the pexidartinib arm
compared to no responses in the placebo arm over the 25-week assessment period. In the pexidartinib
arm, responses included 15% patients with CR and 25% patients with PR. The median DOR was not
reached (range 0.03+, 16.6+ months) among the 24 responders as of the data cut-off date; 96% and 50%
of responders experienced a DOR of ≥ 6 months and ≥ 12 months, respectively.
The ENLIVEN trial also demonstrated a statistically significant improvement in mean change from
baseline to Week 25 for those patients who were randomized to pexidartinib compared to those who
were randomized to placebo for the COA secondary endpoints of ROM, physical function, and worst
stiffness. However, the proportion of patients with missing data for ROM, physical function, and worst
stiffness was significant at 27%, 43%, and 43%, respectively; the proportion of patients missing data for
these endpoints was similar across study arms. Inferences for the change from baseline for physical
function and worst stiffness are difficult to interpret due to the substantial amount of missing data at
Week 25 for both endpoints. In addition to the extent of missing data, missingness in the COA
endpoint data itself may be indicative of worsening of symptoms while on treatment (i.e., informative
missingness). The primary concern regarding missing COA data is that the assessments may not be
missing at random and may therefore lead to a biased interpretation of the benefit of pexidartinib based
on COA data. Sensitivity analyses evaluating the impact of missing data assumptions will not mitigate
the concern of bias in interpretation of clinical benefit due to the substantial amount of missing data for
physical function and worst stiffness. While there is less missing data for the clinician-reported ROM
assessment, close to a third of patients had missing data for this measure.
Finally, while statistical significance is demonstrated for small group level mean differences, the clinical
meaningfulness of such differences is unclear. Daiichi Sankyo proposed that a +6.7% threshold for what
constitutes a clinically meaningful within-patient change for ROM for the knee only, which corresponds
to 10 degrees. The AMA Guide to Evaluation of Permanent Impairment Sixth Edition defines knee
ROM impairment by the amount of knee flexion (i.e., mild impairment is 80-109 degrees, moderate
impairment is 60-79 degrees, and severe impairment as <60 degrees). Based on the AMA classification,
it is unclear whether a 10-degree improvement represents clinical benefit to patients with moderate or
severe knee joint impairment. In the ENLIVEN trial, while the majority of patients’ tumor is in the knee
joint, close to 40% of patients have disease in other joints. For these reasons, confidence in the observed
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results observed is limited by the amount of missing data and the differences in mean change from
baseline for the COA measures cannot be interpreted across the population nor construed to verify the
clinical benefit of the observed, durable tumor shrinkage as measured by ORR.
From the safety perspective, serious irreversible liver injury occurred in patients who received
pexidartinib at in incidence of 0.3% (upper 95% confidence interval 0.9%) across the entire
development program (n=768). The long-term risks of irreversible liver injury are unknown as is the
optimal management of patients with evidence of severe liver injury. The majority of patients who
received pexidartinib experienced elevations in liver transaminases. For example, ALT, AST, and total
bilirubin elevations occurred in 67%, 90%, and 12% of patients, respectively, with Grade ≥3 severity in
one third of pexidartinib-treated patients in the ENLIVEN trial. This pattern was also observed in a
pooled analysis of all patients with TCGT in the pexidartinib development program (N=130). Although
the majority of patients who experienced transaminase elevations while receiving pexidartinib had
improvement to baseline levels with dose reductions, dose interruption, and/or discontinuation of
pexidartinib, some patients, including 2 patients in the TGCT population, had a prolonged time to
recovery that required intervention beyond these measures. Among the 130 patients with TGCT treated
with pexidartinib 3.1% (n=4, upper bound of 95% CI: 7.7%) of patients met criteria for drug induced
liver injury (i.e., a total bilirubin of greater than or equal to 2 x ULN and an AST or ALT greater than or
equal to 3 x ULN). Additionally, 2.7% (upper bound of 95% CI: 5.4%) of patients who received
pexidartinib as a single agent (n=264) had laboratory evaluations meeting criteria for drug-induced liver
injury. Across the entire pexidartinib safety program (n=768), two patients experienced irreversible liver
injury (one of these patients died, and the second required a liver transplant).
There is a clear signal for liver injury in patients who receive pexidartinib. The pattern of injury is
predominantly cholestatic, but both mixed and hepatocellular forms of injury have also been identified
in some patients. The spectrum of drug-induced liver injury (DILI) severity ranges from liver enzyme
elevations to ductopenia and liver failure. The time to liver injury onset after initiating pexidartinib is
approximately 2 months (20 days to 2 months) in most cases (i.e., evidence of injury is observed soon
after starting pexidartinib). Pexidartinib-induced hepatotoxicity does not appear to be dose-dependent
and was observed in clinical trials evaluating doses ranging from 400 mg to1000 mg. However, the lack
of randomized comparisons across dose levels limits the assessment of whether there is a dosedependent relationship.
Liver biopsies were obtained in 8 of the 768 patients in the pexidartinib safety database, which includes
2 (1.45%) of the 138 patients enrolled in investigator-sponsored trials and 6 (0.95%) of the 630 patients
enrolled in commercial-sponsored trials; in this latter group, the incidence of significant transaminase
and/or total bilirubin abnormalities (i.e., AST or ALT ≥ 3 x ULN and total bilirubin ≥2 x ULN) while
receiving pexidartinib was 2.5%. These liver biopsies reveal a pattern of hepatocellular injury as well as
injury to bile ducts and ductopenia. Because serial biopsies were not performed in most patients with
evidence of hepatocellular injury, it is unknown whether the injury to bile ducts is progressive, and
whether it occurs even in the setting of an improvement or normalization of the biochemical laboratory
parameters. Furthermore, it is unclear whether pexidartinib causes subacute and/or chronic/indolent
injury that may result in clinically important sequalae such as cirrhosis and liver failure resulting in the
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need for liver transplantation, or death. Therefore, it is unclear whether measures taken to achieve
normalization of transaminases would address any subclinical effects of the drug on the liver.
An additional area of uncertainty is the lack of understanding of the potential long-term effects of
pexidartinib given that patients with TGCT will likely be exposed to pexidartinib as a chronic
medication. For example, it is unclear what the risk of mild liver enzymes elevations that are below the
threshold criteria for interrupting or discontinuing treatment with pexidartinib, with regard to causing
subacute liver injury. In the ENLIVEN trial, a small number of patients had long-term exposure to
pexidartinib: 22 patients have been treated for more than 18 months, 17 patients have been treated for
more than 24 months, and one patient has been treated for more than 48 months at the time of the data
cut-off date.

8. ISSUES FOR ODAC
Draft Discussion Topics
•

Discuss whether the benefits of pexidartinib outweigh its risks, considering the
uncertainties that remain for both short- and long-term risks of pexidartinib, in light of
the ORR of 48% pooling both studies, for the patient population described in the
proposed indication, i.e., “adult patients with symptomatic tenosynovial giant cell tumor
(TGCT) which is associated with severe morbidity or functional limitations, and which is
not amenable to improvement with surgery”.

Draft Voting Question
•

Does the demonstrated benefit of pexidartinib outweigh the risks of the drug in the
proposed indication?
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10. APPENDICES
Appendix 1: ENLIVEN Study monitoring
Table 25: Schedule of Events - Part 1
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a Effective 30 Sep 2016, subjects who wish to continue onto the open label part of this study (Part 2) will be unblinded after completion of the
end of Part 1 assessments (Part 1 Completion visit/Early Termination visit) and those on placebo will be discontinued and will not have the 28
Day Post-treatment and End-of-Study Visit assessments.
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b Procedures performed as part of patient care within the 42-day period before the first dose of study treatment may be used for screening
purposes if they conform to protocol requirements and standards. All screening test results must be reviewed prior to dosing to assess the study
candidate’s eligibility for inclusion.
c The Part 1 Completion visit applies to subjects who are not continuing into Part 2. Those continuing into Part 2 will instead have the
assessments indicated at P2-C1D1. Effective 30 Sep 2016, subjects who wish to continue onto the open label part of this study (Part 2) will be
unblinded after completion of the end of Part 1 assessments (Part 1 Completion visit/Early Termination visit) and those on placebo will be
discontinued; subjects on pexidartinib in Part 1 may continue into Part 2 to continue to receive pexidartinib. Subjects who discontinue Part 1
early, should complete the end of Part 1 assessments (Part 1 Completion visit/Early Termination) at or before the time of their last treatment
(MRI or range of motion assessments do not need to be repeated, if completed in the previous 28 days).
d As of 30 Sep 2016, subjects who wish to continue onto the open label part of this study (Part 2) will be unblinded after completion of the end of
Part 1 assessments (Part 1 Completion visit/Early Termination visit) and those on placebo will be discontinued and will not need to complete the
Part 1 28 Day Post-Treatment Visit and associated procedures. Subjects who exit the study with radiologic disease progression will undergo their
last study evaluation 28 ± 7 days after their last dose of study treatment or before any new PVNS therapy, including surgery, whichever occurs
first. Any planned new PVNS therapy, including the type of surgical procedure, will be recorded. Subjects who withdraw from the study with
radiologic progression do not undergo a Part 1 End-of-Study/12 Week Post-Treatment MRI.
e Subjects who end their study participation with no radiologic disease progression will undergo post-treatment procedures 28 ± 7 days after their
last dose of study treatment and a final MRI 12 weeks ± 7 days after their last dose of study treatment or before any new PVNS therapy, including
surgery, whichever occurs first. The latter MRI need not be performed if new PVNS therapy starts within 4 weeks of the 28 Day Post-treatment
Visit. Before or at the Part 1 End-of-Study/12 Week Post-Treatment Visit, plans for any new PVNS therapy will be obtained. (see Footnote z) As
of 30 Sep 2016, subjects who wish to continue onto the open label part of this study (Part 2) will be unblinded after completion of the end of Part
1 assessments (Part 1 Completion visit/Early Termination visit) and those on placebo will be discontinued and will not have the 28 Day Posttreatment and End-of-Study Visit assessments.
f Weight only.
g Vital signs should be performed before any invasive procedures are carried out on the same day.
h In the event of early withdrawal or if the subject completes Part 1 but does not enter Part 2, a physical examination is performed at the 28 Day
Post-treatment Visit. i A standard 12-lead ECG is performed prior to dosing. Subjects should be told not to take their morning dose of study
treatment at home on days when an ECG is performed; instead, they should bring their study treatment bottle to the clinic and take their morning
dose upon site instruction. At the P1-C1D1 and P1-C1D15 visits only, the ECG is performed before and 2 hours after dosing. The 2
hour post-dose ECG should begin within 10 minutes of the 2 hour post-dose time point.
j ECHO or MUGA scanning is chosen by Investigator preference. However, the same imaging platform must be used throughout the study.
k ECHO or MUGA scanning should only be repeated if more than 3 months have elapsed since the last procedure. Subjects who show a reduced
ejection fraction relative to baseline at the last visit should be followed until a stable ejection fraction is measured by two consecutive tests.
l Hematology only.
m Alkaline phosphatase, ALT, AST, total and direct bilirubin, and GGT should be assessed at screening, weekly during P1-C1 beginning on Day
1, weekly during P1-C2 beginning on Day 1, biweekly during P1-C3 beginning on Day 1, and on Day 1 of every cycle thereafter. More frequent
monitoring is required in the case of increased liver function tests.
n Subjects receiving concomitant warfarin should have their anti-coagulation status carefully monitored for any necessary dose adjustments.
o Women who are not using hormonal contraception will be tested for levels of FSH, LH, progesterone, and estradiol. Hormone testing will not be
required for women who have either had an oophorectomy or are post-menopausal. Men will be tested for levels of LH, FSH, and testosterone.
Men whose testosterone level is below baseline at the last study visit should be followed until their level has stabilized or returned to baseline.
®
p Subjects should record responses to the BPI Worst Pain NRS item, Worst Stiffness NRS item, PROMIS
Physical Function Scale, and EQ-5D5L in the eDiary before any invasive procedures. (NOTE: at the Screening Visit only, the recall period will be the preceding week for the BPI
Worst Pain NRS item and Worst Stiffness NRS item. The subject’s response must be documented in the medical notes.)
q Subjects should be reminded to complete the BPI Worst Pain NRS item and the Worst Stiffness NRS item, at least 4 of 7 consecutive days for 2
weeks prior to randomization, and prior to Day 1 of P1-C1, P1-C3, and P1-C5 and before the Part 1 Completion Visit (Week 25). In the event of
early withdrawal or if the subject completes Part 1 but does not enter Part 2, this item will be completed prior to the 28 Day Post-treatment Visit.r
The Investigator may request a centrally read blinded MRI to confirm progression, eg, if a subject’s mid-study clinical profile or local
radiological assessment indicates progression.
s A range-of-motion assessment in the affected joint or tumor location will be performed by a blinded independent third party assessor.
t Women of childbearing potential must have a serum pregnancy test within 14 days of randomization (or, where different regulations apply,
within 72 hours of randomization). (Women who have documentation of at least 12 months of spontaneous amenorrhea and have an FSH level >
40 mIU/mL will be considered postmenopausal and need not undergo pregnancy testing.)
u Details on PK blood sampling are found in Section 5.6
v A diary of analgesic use must be kept for the 2-week period before the first dose of study treatment.
w The morning dose of study treatment should be administered in the clinic on the days indicated; P1-C1D1 should be within 3 days after
randomization.
x Dose administration by the subject at home. Subjects should take their last dose of study treatment the evening before their scheduled Part 1
Completion Visit (Week 25).
y After the subject provides signed informed consent; AEs are monitored throughout the study via safety assessments, observation, and subject
reporting.
z If surgical resection of the tumor is performed within 12 weeks after the last dose of study treatment, details of the surgery and its outcome
should be obtained. After completion of the end of Part 1 assessments (Part 1 Completion visit/Early Termination visit), subjects who wish to
continue onto the open label part of this study (Part 2) will be unblinded and those on placebo will be discontinued and will not need to have
surgical data follow-up.
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Appendix 2: Clinical Outcome Assessment Tools
PROMIS® Physical Function Items
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Worst Stiffness NRS Item

Brief Pain Inventory (BPI) Worst Pain Numeric Rating Scale (NRS) Item

55

NDA 211810
Pexidartinib

ODAC Briefing Document

Appendix 3: Patient Population
Key Inclusion criteria
•
•

•
•

•
•
•

Age ≥ 18 years.
A diagnosis of PVNS or GCT-TS (i) that has been histologically confirmed either by a
pathologist at the treating institution or a central pathologist, and (ii) where surgical resection
would be associated with potentially worsening functional limitation or severe morbidity
(locally advanced disease), with morbidity determined consensually by qualified personnel
(e.g., two surgeons or a multidisciplinary tumor board).
Measurable disease as defined by RECIST 1.1 (except that a minimal size of 2 cm is
required), assessed from MRI scans by a central radiologist.
Symptomatic disease because of active PVNS or GCT-TS, defined as one or more of the
following:
o a worst pain of at least 4 at any time during the week preceding the Screening Visit
(based on scale of 0 to 10, with 10 representing “pain as bad as you can imagine”).
o a worst stiffness of at least 4 at any time during the week preceding the Screening Visit
(based on a scale of 0 to 10, with 10 representing “stiffness as bad as you can and
imagine”).
Stable prescription of analgesic regimen during the 2 weeks prior to randomization.
During the 2 weeks prior to randomization, at least 4 of 7 consecutive days of BPI Worst
Pain NRS items and Worst Stiffness NRS items completed correctly.
Adequate hematologic, hepatic, and renal function, defined by:
o Absolute neutrophil count ≥ 1.5 × 109/L
o Hemoglobin > 10 g/dL
o Platelet count ≥ 100 × 109/L
o AST/ALT ≤ 1.5 × ULN
o Total bilirubin ≤ 1.5 × ULN
o Serum creatinine ≤ 1.5 × ULN

Key exclusion criteria
Candidates with any of the following conditions or activities are ineligible for study enrollment:
• Investigational drug use within 28 days of randomization.
• Previous use of pexidartinib or any biologic treatment targeting CSF-1 or the CSF1R;
previous use of oral tyrosine kinase inhibitors, e.g., imatinib or nilotinib, are allowed.
• Active cancer (either concurrent or within the last year of starting study treatment) that
requires therapy (e.g., surgical, chemotherapy, or radiation therapy), with the exception of
adequately treated basal or squamous cell carcinoma of the skin, melanoma in-situ,
carcinoma in-situ of the cervix or breast, or prostate carcinoma with a prostate-specific
antigen value <0.2 ng/mL.
• Known metastatic PVNS/GCT-TS.
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•
•
•
•

Significant concomitant arthropathy in the affected joint, serious illness, uncontrolled
infection, or a medical or psychiatric history that, in the Investigator’s opinion, would likely
interfere with the person’s study participation or the interpretation of his or her results.
A screening Fridericia corrected QT interval (QTcF) ≥ 450 ms (men) or ≥ 470 ms (women).
History of hypersensitivity to any excipients in the investigational product.
Inability to swallow capsules.
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Appendix 6: Supportive Efficacy Data
Figure 5: Least Square Mean ∆ From Baseline Plot of Physical Function

Source: Reviewer generated figure – summarizing questionnaire dataset (ADQS, March 27, 2017 data cutoff date, submitted by
Applicant)

Figure 6: Least Square Mean ∆ From Baseline Plot for Worst Stiffness

Source: Reviewer generated figure – summarizing questionnaire dataset (ADQS, March 27, 2017 data cutoff date, submitted by
Applicant)
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Appendix 8: Narrative for Patients who Underwent a Liver Biopsy for Hepatoxicity after
Receiving Pexidartinib
•

42-year-old female enrolled on Trial PLX-108-01 with transaminases and total bilirubin
within normal limits at the time of enrollment. The patient was initiated on 1000 mg/day of
pexidartinib. The patient was not taking any other medications at the time of enrollment in
the clinical trial; however, patient started atorvastatin on Day 56. On Day 15, the patient was
found to have laboratory values showing ALT 1 × ULN and AST 2 × ULN; ALP, TBIL, and
DBIL were within normal limits. Peak laboratory values were ALT 5 × ULN, AST 11 ×
ULN, ALP 6 × ULN, TBIL 9 × ULN; DBIL remained within normal limits. Pexidartinib was
interrupted multiple times and dose reduced first to 800 mg daily and then to 600 mg daily
and on Day 539 pexidartinib was permanently discontinued. On Day 649, a liver biopsy
showed bile duct injury with portal acute and chronic inflammation and reaction, portal
fibrosis with areas of bridging, and mild macrovesicular steatosis (5%). The findings were
noted to be consistent with drug toxicity however, there was also a well-developed fibrosis
that was suggestive of a chronic process. Additionally, the patient underwent a hematologic
evaluation that showed antimitochondrial antibodies indicating primary biliary cholangitis.
On Day 1170 (38 months) the patient was under the supervision of the hepatologist for
continued fluctuations of transaminases.

•

A 61-year-old female with epithelial ovarian cancer (Stage IIIC recurrent platinum-resistant
high-grade serious carcinoma) enrolled in trial PLX108-07 with normal transaminases and
total bilirubin at baseline. The patient was initiated on pexidartinib 1200 mg daily and
paclitaxel 150 mg/m2 weekly. On Day 14 presented with fever, nausea, vomiting, and was
found to have ALT 3 × ULN, AST of 7 × ULN, and ALP of 1 × ULN; TBIL values were
within normal limits. Peak laboratory values were ALT 5 × ULN, AST 9 × ULN, ALP 11 ×
ULN, and TBIL 20 × ULN. Pexidartinib and paclitaxel were first interrupted on Day 15 and
permanently discontinued on Day 50 without another dose having be received since Day 15.
Patient underwent a right upper quadrant ultrasound which demonstrated no gallbladder
disease. Additionally, a liver biopsy was performed that showed severe drug-induced liver
injury attributed by timing/exposure to clinical trial medications. There was no evidence of
obstruction, but there was severe cholestasis with severe bile duct injury with no
inflammatory component. Additional medical intervention included admission to the
hospital, supportive care with intravenous hydration, and ursodiol treatment. Additional
complications included acute on chronic underlying renal failure due to decreased fluid
intake and increased losses due to vomiting as well as an elevated INR related to
hepatotoxicity. Her INR peaked at 2 × ULN; however, returned to within normal limits prior
to her death. The patient died due to progressive ovarian cancer on Day 121 (4.0 months)
with liver enzymes and total bilirubin still elevated and the hepatoxicity unresolved.
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•

62-year-old male with metastatic melanoma enrolled in Trial PLX108-09 with normal
transaminase and total bilirubin at the time of initiation on the trial. The patient was initiated
on pexidartinib 800 mg daily and vemurafenib 960 mg twice daily. On Day 15, the patient
was noted to have ALT 11 × ULN and AST 1 X ULN; ALP, TBIL, and DBIL were all
within normal limits. Peak laboratory values were ALT 13 × ULN, AST 6 × ULN, ALP 5 ×
ULN, TBIL 3 × ULN and DBIL 5 × ULN. Pexidartinib and vemurafenib were interrupted on
Day 15 and permanently discontinued on Day 46. Patient underwent a liver biopsy that
showed prominent cholestasis and mild portal and lobular inflammation with mild
prominence of eosinophils, most consistent with drug-induced injury; however, negative for
malignancy. Treatment of hepatic enzyme abnormalities included the use of diammonium
glycyrrhizinate. Medical interventions included a biopsy of the left hand for a lesion
suspicious for of squamous cell carcinoma. On Day 40 the patient presented to the hospital
with fever and infection of left hand wound that resulted in infection with Serratia
marcescens that required IV antibiotics and occurred at the same time as hepatic enzymes
were abnormal. The infection and the elevated hepatic enzymes resulted in hospitalization.
On Day 93 (3.1 months) transaminases and total bilirubin had normalized.

•

54-year-old female with Stage IV TXNXM1 ductal breast carcinoma with lymph node, liver,
and lung involvement initiated on Trial PLX109-14; at baseline, she had ALT 3 × ULN, AST
4 × ULN, and ALP 2 × ULN; TBIL and DBIL were within normal limits. The patient was
initiated on pexidartinib 600 mg daily and pembrolizumab 200 mg every 3 weeks. On Day 7,
the patient experienced ALT 5 × ULN, AST 7 × ULN, and ALP 4 X ULN; TBIL and DBIL
remained within normal limits. Peak laboratory values were ALT 7 × ULN, AST 9 × ULN,
ALP 6 × ULN, TBIL 4 × ULN and DBIL 13 × ULN. Pexidartinib and pembrolizumab were
interrupted on Day 7, never restarted and discontinued on Day 32. The patient underwent an
ultrasound of liver that showed innumerable hepatic metastases, no intrahepatic or
extrahepatic biliary duct dilation, and a gallstone of 1 cm in the gallbladder. Additionally, the
patient underwent two CT scans which showed evidence of disease progression in the liver,
chest wall, and abdomen; the patient also had increased pelvic ascites and pleural effusion A
liver biopsy revealed mild apoptotic hepatocellular injury with minimal inflammation and no
fibrosis; mild macrovascular steatosis and acidophilic bodies with minimal inflammation
were noted. On Day 37 the patient died from progressive disease.

•

75-year-old female with stage IIIC fallopian tube cancer with ovary involvement on Trial
PLX108-14 who had normal transaminases and total bilirubin at baseline. The patient was
initiated on pexidartinib 600 mg daily and pembrolizumab 200 mg once every 3 weeks. On
Day 29, the patient was noted to have ALT 4 × ULN, AST 3 × ULN, and ALP 2 × ULN;
TBIL and DBIL were within normal limits. Peak laboratory values were ALT 4 × ULN, AST
3 × ULN, and ALP 2 × ULN; TBIL and DBIL remained within normal limits throughout the
event. Pexidartinib was interrupted on Day 50 and never resumed. Pembrolizumab was
discontinued on an unspecified day due to progressive disease. On Day 30 the patient
underwent a liver biopsy which revealed hepatic parenchyma with moderate portal
inflammation containing moderate numbers of eosinophils with focal granuloma formation
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and bile duct inflammation. On Day 85 (2.8 months), the event was considered resolved with
ALT, AST and ALP all within normal limits.
•

A 58-year-old female with triple negative/basal-like breast cancer with metastases to lymph
nodes, liver, and bone on Trial IST3397-001 with normal ALT, ALP, TBIL, and DBIL at
baseline; however, she had an AST of 1.3 × ULN at baseline. The patient was initiated on
pexidartinib at 1000 mg/day for 5 days (off 2 days) and eribulin 1.4 mg/m2 intravenously on
Day 1 and Day 8 for a 21-day cycle. On Day 29, the patient presented with ALT 9 × ULN,
AST 6 × ULN, ALP 3 × ULN, TBIL 3 × ULN and DBIL 1 × ULN. Peak laboratory values
were ALT 9 × ULN, AST 6 × ULN, and ALP 5 × ULN TBIL 10 × ULN and DBIL 10 ULN.
Pexidartinib and eribulin were interrupted in response to this event and permanently
discontinued on Day 43. On Day 43, a CT scan of the abdomen revealed diffusely scattered
hypoattenuating hepatic lesions with peripheral enhancement that were more conspicuous in
appearance than in an earlier CT scan, as well as mild fatty infiltration of the liver. An MRI
of the abdomen showed 4 enhancing lesions consistent with disease progression and not the
cholestatic event. On Day 72, a transjugular liver biopsy was performed and the pathology
report was consistent with ductopenia with cholestasis. No significant lobular inflammation,
steatosis, or infiltrative carcinoma was identified. Medical interventions included
hospitalization and treatment with prednisolone, doxepin×, vitamin K (INR remained normal
throughout course) and cholestyramine. All hepatic labs returned to normal approximately 5
months after onset of the event.
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