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Abstract 
Background:  Pexidartinib is approved in the US, Taiwan, and Korea for adults with symptomatic tenosynovial giant cell tumor (TGCT) asso-
ciated with severe morbidity or functional limitations and not amenable to improvement with surgery based on the phase III ENLIVEN study 
(NCT02371369). We report the final long-term efficacy and safety results from ENLIVEN.
Methods:  Adults with symptomatic TGCT not eligible for surgery were enrolled and randomized to pexidartinib or placebo (part 1). The blinded phase 
(part 1) ended at week 25; patients received pexidartinib (800 mg/day) until progression, toxicity, or study completion (part 2). This analysis includes 
patients who received pexidartinib at any time during ENLIVEN. Centrally reviewed overall response rate (ORR) by Response Evaluation Criteria in 
Solid Tumors (RECIST) v1.1 and tumor volume score (TVS), time to response, duration of response (DOR), patient-reported outcomes (PROs), and 
long-term safety were assessed.
Results:  Overall, 91 patients received pexidartinib. With a median follow-up of 31.2 (range: 2-66) months, ORR was 60.4% and 68.1% by 
RECIST and TVS, respectively. Median DOR by RECIST was not reached (range: 0.03-63.4 months). Most responses were within the first  
6 months of treatment; most responders were on 800 mg vs 600/400 mg dose levels, respectively. Throughout parts 1 and 2, 3 (3%) patients 
had progressive disease per RECIST without dose reduction/interruption. PROs improved or were maintained. The most common grade 3/4 
treatment-emergent adverse events were aspartate aminotransferase (AST) increase (9%), alanine aminotransferase (ALT) increase (10%), and 
hypertension (8%). Twenty-eight (31%) patients had AST or ALT ≥3 times the upper limit of normal (ULN); 17 (19%) patients had AST or ALT ≥5 
times the ULN. No new safety signals were observed after long-term pexidartinib treatment.
Conclusions:  Final long-term ENLIVEN results demonstrated that pexidartinib sustained clinical benefit, with increased ORR by RECIST and 
TVS compared to the end of the blinded phase at week 25. No new safety signals were reported.
Keywords: giant cell tumor of tendon sheath; Response Evaluation Criteria in Solid Tumors; patient-reported outcome measures; clinical trial, phase III.

Implications for practice
We report the final ENLIVEN long-term safety and efficacy of pexidartinib in patients with tenosynovial giant cell tumor not amenable to surgery. 
Although most tumor responses per Response Evaluation Criteria in Solid Tumors (RECIST) or tumor volume score occur within the first 6 months 
of treatment, responses generally deepen over time. Three patients had progressive disease (per RECIST) after response at 800 mg/day. The 
risk of hepatotoxicity was highest during the first few months of treatment; no new safety signals occurred. This study demonstrated that long-
term treatment with pexidartinib is safe and effective and informs physicians and patients on what to expect during prolonged treatment with 
pexidartinib.
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Introduction
Tenosynovial giant cell tumor (TGCT) is a rare mesenchy-
mal neoplasm that most frequently occurs in the synovium of 
joints, bursae, or tendon sheaths.1,2 Patients with TGCT often 
experience increased pain and impaired daily functioning 
compared with the general population.3 Diffuse-type TGCT 
occurs in approximately 10%-20% of patients with TGCT.4,5 
Patients with diffuse TGCT report worse quality of life com-
pared with those with localized TGCT.3,6 Surgical resection is 
standard treatment for TGCT; however, in some cases, sur-
gery may not be possible due to the potential for morbid-
ity and recurrence after surgery, particularly in patients with  
diffuse-type TGCT.7

Pexidartinib is an orally administered small-molecule tyro-
sine kinase inhibitor with strong selective activity against 
the colony-stimulating factor 1 (CSF-1) receptor; it also 
inhibits KIT receptor tyrosine kinase and FMS-like tyrosine 
kinase 3 (FLT3) harboring an internal tandem duplication.8,9 
Pexidartinib has been approved in the US, Taiwan, and Korea 
for adult patients with symptomatic TGCT associated with 
severe morbidity or functional limitations and not amenable 
to improvement with surgery (or other treatment; Taiwan 
only).

Approval of pexidartinib was based on the results of the 
phase III ENLIVEN study (NCT02371369), a double-blind, 
randomized study in which patients with TGCT received pex-
idartinib or placebo. The proportion of patients who achieved 
overall response (ORR) at week 25 by Response Evaluation 
Criteria in Solid Tumors v1.1 (RECIST) was higher for pexi-
dartinib (39%) than placebo (0%).9 Response by tumor vol-
ume score (TVS) was 56% in the pexidartinib group vs 0% in 
the placebo group.9 Pexidartinib also significantly increased 
patients’ relative range of motion and improved their stiffness 
and overall physical functioning.9 The most common adverse 
events (AEs) included hair color changes, fatigue, aspartate 
aminotransferase (AST)/alanine aminotransferase (ALT) 
increase, nausea, and dysgeusia.9 According to clinical lab-
oratory values, 3 patients had AST/ALT elevations ≥3 times 
the upper limit of normal (ULN), with bilirubin and alka-
line phosphatase (ALP) ≥2 times the ULN, which indicated 
mixed or cholestatic hepatotoxicity.9 Because TGCT can be a 
chronic condition, particularly for those with diffuse TGCT 
not amenable to surgery, it is important to understand the 
long-term efficacy and safety of pexidartinib in these patients. 
Indeed, additional studies have already demonstrated that 
pexidartinib continued to show benefit: in a pooled analysis 
of patients with TGCT enrolled in the ENLIVEN study and 
in a phase I study, response rates per RECIST and TVS were 
60% and 65%, respectively, at 3 years, with no new safety 
concerns.10

Here we report the final long-term efficacy and safety 
results from the ENLIVEN study.

Methods
The ENLIVEN study was a randomized, placebo-controlled, 
phase III study in patients with TGCT.9 The methods for this 
study have been described; the primary analysis examined 
efficacy and safety at the end of the double-blind portion of 
the study at 25 weeks (part 1; data cutoff: March 27, 2017).9 
Part 2 involved open-label continuation of pexidartinib 
or crossover to pexidartinib for participants previously on 

placebo (Supplementary Figure S1). This analysis reports data 
from the final cutoff of April 2021 and includes patients who 
received pexidartinib at any time during the ENLIVEN study.

Eligible patients had histologically confirmed, advanced, 
symptomatic TGCT with measurable tumors ≥2 cm per 
RECIST v1.1 for which surgical resection was associated with 
a potential for worsening of functional limitation or severe 
morbidity.9 Symptomatic disease was defined as a worst pain 
or worst stiffness numeric rating scale (NRS) of ≥4. All patients 
provided written informed consent. An independent data 
monitoring committee was responsible for assessing study 
drug safety during the study, monitoring overall study con-
duct, and making recommendations about continuing, mod-
ifying, or stopping the study. The institutional review board 
at each participating center approved the study, and study 
ethics were in accordance with the Declaration of Helsinki 
and Good Clinical Practice guidelines of the International 
Conference on Harmonisation. This study is registered with 
ClinicalTrials.gov, number NCT02371369.

In part 1, patients received pexidartinib 1000 mg (or 
matching placebo) delivered as 400 mg in the morning and 
600 mg in the evening for 2 weeks, followed by 800 mg deliv-
ered as 400 mg twice a day for 22 weeks. In part 2, patients 
either crossed over from placebo to receive pexidartinib 
800 mg split twice a day (without loading dose) or contin-
ued the dose of pexidartinib that they received at the end of 
part 1 until tumor progression, toxicity, or study comple-
tion. Tumors were measured by magnetic resonance imaging 
(MRI) at baseline, week 13, and week 25 in part 1 and every 
12 weeks in part 2. Safety was assessed using the National 
Cancer Institute’s Common Terminology Criteria for Adverse 
Events v4.0.

The primary endpoint was RECIST v1.1 ORR (ie, the pro-
portion of patients who achieved a response at the end of 
part 1 based on centrally read MRI and RECIST). Secondary 
endpoints were mean change from baseline in range of 
motion of the affected joint (relative to a reference stan-
dard for the same joint), centrally evaluated proportion of 
patients with response based on TVS, mean change from 
baseline in the Patient-Reported Outcomes Measurement 
Information System (PROMIS)−Physical Function scale,11,12 
mean change from baseline in worst stiffness NRS (stiffness), 
mean change from baseline in Brief Pain Inventory worst pain 
NRS, and duration of response based on RECIST and TVS. 
The PROMIS−Physical Function scale addresses symptoms of 
immobility, with a score of 50 representing average level of 
physical functioning in the US general population. A 3-point 
change is considered to represent a clinically meaningful dif-
ference. One-item questionnaires were used to assess stiffness 
and pain: stiffness rating was based on an NRS ranging from 
0 (no stiffness) to 10 (stiffness as bad as you can imagine). 
The NRS for pain assessed the worst pain experienced in the 
past 24 hours, ranging from 0 (no pain) to 10 (pain as bad as 
you can imagine).

Statistical analysis
This analysis includes patients who received pexidartinib in 
part 1 and/or part 2 of the ENLIVEN study. The modified 
intent-to-treat (ITT) analysis set includes patients who were 
randomized in part 1 and received ≥1 dose of pexidartinib. 
The part 2 analysis set includes patients who crossed over 
from placebo in part 1 to pexidartinib in part 2. The all  
pexidartinib-treated analysis set includes all randomized 
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patients who received pexidartinib in part 1 and those who 
received open-label pexidartinib in part 2.

Baseline values are dependent on the patient’s randomized 
group: for patients randomized to pexidartinib, this is the 
same baseline as in part 1. For patients randomized to pla-
cebo, the part 2 baseline value is the last assessment before 
the first dose of open-label pexidartinib. Descriptive analysis 
was used to summarize the data. For continuous variables, 
analysis included the number of patients with nonmissing 
data, mean, median, 95% CIs, minimum, and maximum. 
Frequency and percentage of observed levels are reported for 
categorical measures. ORR and other efficacy endpoints were 
calculated in the modified ITT group, which included patients 
randomized to pexidartinib in part 1 and those who received 
open-label pexidartinib in part 2. Two-sided 95% CIs for the 
ORR proportions were calculated using the Wilson method. 
The best overall response (OR) was based on RECIST or 
TVS and determined among all responses recorded from the 
start of treatment until the last radiographic assessment. Time 
to response was measured as the time from baseline to any 
response per RECIST or TVS in those patients who had an 
objective response.

Duration of response was defined from the date of the first 
recorded response to the date of the first documented disease 
progression. For patients with no radiological progression, 
duration was censored from the date of the last MRI scan. 
The Kaplan-Meier method was used to compute the median 
duration of response. SAS 9.4 was used for statistical analyses.

Results
Patients
From May 11, 2015 (the start of part 1) to April 30, 2021 (data 
cutoff for part 2), 91 patients received pexidartinib. Enrollment 
to ENLIVEN part 1 was terminated early due to the emergence 
of mixed or cholestatic hepatotoxicity and subsequent review of 
the study design. This led to total enrollment at 95% of the orig-
inal target and increased patient withdrawal following the safety 
signal. Seventy-eight patients continued pexidartinib in part 2 
and received ≥1 dose of pexidartinib; this included 48 patients 
who continued pexidartinib from part 1 and 30 patients who 
crossed over from the placebo arm in part 1 (Figure 1). Baseline 
characteristics for all pexidartinib-treated patients are shown in 
Table 1. The median age was 46 years, 56% of patients were 

121 randomly assigned

60 randomly assigned to placebo 61 randomly assigned to pexidartinib

61 received pexidartinib in Part 159 received placebo in Part 1

48 completed placebo in Part 1 52 completed pexidartinib in Part 1

30 entered Part 2 and received
open-label pexidartinib

48 entered Part 2 and received
open-label pexidartinib

11 discontinued placebo in Part 1
 6 withdrawal by patient
 1 disease progression
 3 investigator decision
 1 patient noncompliance

30 discontinued Part 2
 9 transitioned to another
   pexidartinib study
 6 withdrawal by patient*
 5 adverse events
 4 transitioned to
   commercial pexidartinib
 2 investigator decision*
 1 death
 1 lost to follow-up
 1 surgical resection
 1 other

48 discontinued Part 2
 16 withdrawal by patient†

 15 transitioned to another
    pexidartinib study
 6 adverse events
 6 transitioned to
   commercial pexidartinib
 1 investigator decision*
 1 patient noncompliance
 1 disease progression
 1 lost to follow-up
 1 surgical resection

9 discontinued pexidartinib in Part 1
 8 adverse events
 1 withdrawal by patient

Figure 1. Patient flow through parts 1 and 2 of ENLIVEN. *After urgent safety measure. †15 patients discontinued after the urgent safety measure;  
1 discontinued prior to the urgent safety measure.
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female, and the most common tumor site was the knee (58%). 
The median treatment duration was 112 weeks (range: 4-288 
weeks [1 month-5.5 years]). All patients enrolled in part 2 dis-
continued from the study as of the final data cutoff. A complete 
list of reasons for discontinuation is shown in Supplementary 
Table S1 and Figure 1. The most common reasons reported for 
discontinuation were transition to another sponsored proto-
col with pexidartinib (NCT04526704: 24 patients; 31%) and 
withdrawal of consent (22 patients; 28% [21/22 discontinued 
after an urgent safety measure]). Eleven (14%) patients discon-
tinued due to an AE and 10 (13%) transitioned to a commercial 
supply of pexidartinib. One (1%) patient discontinued due to 
disease progression in part 2.

Specifically among the 55 patients who responded to treat-
ment with pexidartinib per RECIST during ENLIVEN, the pri-
mary reasons for discontinuation were transition to another 
protocol with pexidartinib (20 patients; 36%), withdrawal of 
consent (14 patients; 25%), transition to a commercial sup-
ply (10 patients; 18%), and AEs (6 patients; 11%). The full 
list of reasons for discontinuation in responders is shown in 
Supplementary Table S2.

Dosing
The average (standard deviation) daily dose for parts 1 and 2 
was 651.4 (167.6) mg. Thirty-six (40%) patients had a dose 
reduction (<800 mg/day) to either 600 or 400 mg/day. By the 
end of the study, 57 (63%) patients were receiving 800 mg/day,  
16 (18%) 600 mg/day, and 18 (20%) 400 mg/day. The median 
time to first dose reduction (from 800 mg) was 5.7 (Q1, 1.9; 
Q3, 15.6) months.

OR
With a median follow-up of 31.2 (range: 2-66) months, 
the ORR by RECIST was 60% (Table 2). There was no dis-
cernible difference in ORR between patients randomized to 
pexidartinib in part 1 and those who received pexidartinib in 
part 2 only (61% vs 60%). The ORR by TVS was 68%, with 
no discernible difference between the patients randomized 
to pexidartinib in part 1 and the crossover group (67% vs 
70%). In part 1, 1 patient each in the placebo and pexidarti-
nib groups had progressive disease (PD) as their best OR. No 
patient in part 2 had PD as their best OR. Forty-six (51%) 
patients achieved response on 800 mg. Two patients random-
ized to placebo had PD per TVS as their best OR in part 1. 
No patient receiving pexidartinib had PD per TVS as their 
best response.

Figure 2 shows the waterfall plots for tumor responses 
(percent change from baseline of the sum of the longest diam-
eter) after the database locks in 2017 and 2018 and the last 
database lock in 2021. The median decrease in the sum of 
diameters of the target lesion per RECIST was 28% in 2017 
(at the first analysis) and increased to 68% in 2021, demon-
strating that responses deepen over time.

Time to response
The median time to response by RECIST was 5.1 (range: 2-53)  
months; 36 (66%) patients responded within the first 
6 months of treatment (Figure 3). Spider plots showing the 
percent change in the sum of diameters from baseline in target 
lesions for individual patients for parts 1 and 2 are shown in 
Supplementary Figure S2. The median duration of response 
for all responders with a median follow-up of 50 months for 
RECIST was not reached; the range was 0.03-63.4 months. 
The median duration of response by TVS was also not 
reached; the range was 0.03-63.5 months. Tumor response 
over the course of treatment for individual patients is shown 
in Supplementary Figure S3.

Per RECIST, 14/91 (15%) patients treated with pexidar-
tinib had PD; 13 of these patients had PD after an objective 
response (ie, secondary progression); the remaining patient 
had a primary progression. Eleven of the 14 patients had 
PD after either a dose reduction or a treatment-emergent AE 
(TEAE) requiring dose interruption. Three of the 14 patients 
had PD without (or prior to) a dose reduction/interruption. 
Per TVS, 12/91 (13%) patients had PD; 11 of these 12 PD 
occurred after an objective response, and 7/12 PD occurred 
after either a dose reduction or a TEAE requiring a dose inter-
ruption. One patient in the placebo group had PD and discon-
tinued the study.

Surgery
At baseline for part 1, 32/61 (52%) and 31/59 (53%) patients 
randomized to the pexidartinib and placebo arms, respec-
tively, had prior surgery for TGCT; the median number of 

Table 1. Baseline demographic and disease characteristics.

Characteristic, n (%) All pexidartinib-
treated
(N = 91)

Age, median (range), years 46.0 (20-79)

Sex, female 51 (56)

Race

 � White 82 (90)

 � Black or African American 3 (3)

 � American Indian or Alaska 
Native

2 (2)

 � Native Hawaiian or Other 
Pacific Islander

2 (2)

 � Asian 1 (1)

 � Multiracial 1 (1)

Time from diagnosis to random-
ization, median (range), days

1251 (15-14,912)

TGCT subtype

 � Diffuse 79 (87)

 � Localized 12 (13)

Tumor location

 � Upper body 9 (10)

  �  Shoulder 2 (2)

  �  Elbow 1 (1)

  �  Wrist 3 (3)

  �  Hand 0

  �  Finger 1 (1)

  �  Spine 2 (2)

 � Lower body 82 (90)

  �  Hip 9 (10)

  �  Knee 53 (58)

  �  Ankle 17 (19)

  �  Foot 3 (3)

  �  Toe 0

Abbreviation: TGCT, tenosynovial giant cell tumor.
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prior surgeries was 2. The most common type of surgery was 
synovectomy: 14/32 (44%) patients in the pexidartinib group 
and 11/31 (35%) in the placebo group. RECIST response 
rates at week 25 for pexidartinib-treated patients were 34% 
and 41% for patients with and without prior surgery, respec-
tively; the rates increased to 56% and 66% in part 2.

Three of the 61 patients randomized to pexidartinib had 
post-treatment surgery (1 had prior surgery, 2 did not). While 
receiving pexidartinib, 1 patient had an objective response 
and the other 2 patients had stable disease per RECIST 
(2  patients had OR per TVS). Two patients had complete 
macroscopic tumor resections. Per surgeon reports, post- 
treatment surgery was possible due to “reduced morbidity” 
and “improved probability of complete resection.”

Patient-reported outcomes
Patient-reported outcome results are shown in 
Supplementary Figure S4. Results for time points with data 
from ≥10 patients are shown; toward the later visits in part 2 
when sample sizes are smaller, the results can be biased and 
therefore should be considered descriptive in nature. The 
improvements in range of motion (Supplementary Figure 

S4A), PROMIS−Physical Function (Supplementary Figure 
S4B), worst stiffness NRS (Supplementary Figure S4C), 
and Brief Pain Inventory worst pain NRS (Supplementary 
Figure S4D) with pexidartinib at week 25 were maintained, 
on average, through part 2 of the study.

Safety
Table 3 lists a summary of TEAEs for part 1, part 2, and all 
patients who received pexidartinib at any time during the 
study. Overall, the incidence of TEAEs was similar between 
parts 1 and 2. In part 2, most patients (88/91; 97%) had 
TEAEs related to pexidartinib; 40/91 (44%) had treatment- 
related grade ≥3 TEAEs. In parts 1 and 2, 30/35 (86%) TEAEs 
leading to dose reduction resolved after the pexidartinib dose 
was reduced. The 5 TEAEs that were not resolved after dose 
reduction were increased AST (2 events), memory impair-
ment (2 events), and peripheral swelling. Of the 36 TEAEs 
leading to study discontinuation, 27 (75%) resolved after 
the patient stopped taking pexidartinib. TEAEs not resolved 
after discontinuation by the end of the study were elevated 
transaminases (3 events) and 1 event each of photopho-
bia, arthralgia, hypesthesia, skin hypopigmentation, and 

2017 2018 2021

–30%

n=87
Mean = –42.7
SD = 34.97
Median = –27.5
Minimum = –100
Maximum = 0.2
Patients with zero change = 0

n=87
Mean = –51.5
SD = 35.00
Median = –46.2
Minimum = –100
Maximum = 0.1
Patients with zero change = 0

n=88
Mean = –60.8
SD = 36.93
Median = –68.1
Minimum = –100
Maximum = 0.1
Patients with zero change = 0

0
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–100%
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Figure 2. Tumor responses for the March 2017, January 2018, and April 2021 data cutoffs. Abbreviations: SD, standard deviation.

Table 2. Best ORR and duration of response by RECIST v1.1 and TVS.

Randomized to placebo
(Part 1 only; n = 59)

Randomized to pexidartinib 
(parts 1 and 2; n = 61)

Crossover pexidartinib 
(part 2 only; n = 30)

All pexidartinib- treated 
(N = 91)

Response per RECIST v1.1*

ORR 0 (0; 0–6) 37 (61; 48–72) 18 (60; 42–75) 55 (60; 50–70)

SD 36 (61; 48–72) 14 (23; 14–35) 8 (27; 14–44) 22 (24; 17–34)

PD 1 (2; 0.3–9) 1 (2; 0.3–9) 0 (0; 0–11) 1 (1; 0.2–6)

Not evaluable 22 (37; 26–50) 9 (15; 8–26) 4 (13; 5–30) 13 (14; 9–23)

Duration of response per RECIST 
v1.1,† median (range), months

– NR (4.6+ to 63.4+) NR (0.03+ to 56.0+) NR (0.03+ to 63.4+) 

Response per TVS*

ORR 0 (0; 0–6) 41 (67; 55–78) 21 (70; 52–83) 62 (68; 58–77)

SD 35 (59; 47–71) 12 (20; 12–31) 5 (17; 7–34) 17 (19; 12–28)

PD 2 (3; 1–12) 0 (0; 0–6) 0 (0; 0–11) 0 (0; 0–4)

Not evaluable 22 (37; 26–50) 8 (13; 7–24) 4 (13; 5–30) 12 (13; 8–22)

Duration of response per TVS,† 
median (range), months

– NR (0.03+ to 63.5+) NR (8.0+ to 56.0+) NR (0.03+ to 63.5+) 

*Data are n (%; 95% CI), unless otherwise specified.
†All patients with best overall response of CR or PR whilst on treatment are summarized.
Abbreviations: CR, complete response; NR, not reached; ORR, overall response rate; PD, progressive disease; PR, partial response; RECIST, Response 
Evaluation Criteria in Solid Tumors; SD, stable disease; TVS, tumor volume score.
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increased blood bilirubin. Treatment-related grade 3/4 
TEAEs occurring in >2 patients were AST (n = 7; 8%) and 
ALT (n = 9; 10%) increases, blood ALP increase (n = 4; 4%), 
and hypertension (n = 5; 6%).

Liver function tests over time are shown in Supplementary 
Table S3. Twenty-eight (31%) patients had AST or ALT  
≥3 times the ULN; 17 (19%) patients had AST or ALT ≥5 
times the ULN. During part 1, 3 (3%) patients had concur-
rent total bilirubin and ALP ≥2 times the ULN with AST or 
ALT ≥3 times the ULN, consistent with mixed or cholestatic 
hepatotoxicity; no additional cases were observed in patients 
who crossed over to pexidartinib from placebo, and no cases 
of Hy’s law were observed. All cases were adjudicated by the 
Hepatic Event Adjudication Committee. TEAEs occurring 

in >20% of patients treated with pexidartinib are listed in  
Table 4. The most common of any grade were hair color 
changes (76%), fatigue (47%), nausea (39%), arthralgia 
(37%), and AST increase (37%). The most common grade 
3/4 TEAEs were AST increase (9%), ALT increase (10%), and 
hypertension (8%).

Discussion
This study reports the final results from the phase III 
ENLIVEN study of pexidartinib in patients with symp-
tomatic, advanced TGCT. The findings are consistent with 
the primary analysis10 and also show that tumor responses 
deepen over time. In the primary analysis, ORs per RECIST 
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and TVS were 39% and 56% for TVS at week 25. In the 
present analysis, with a median follow-up of 31 months, ORs 
were 60% and 68%, respectively, demonstrating that patients 
who remained on pexidartinib continued to experience clin-
ical benefit while on treatment. The median time to response 
per RECIST was 5.1 months, suggesting a rapid response 
for most patients. The median duration of response was not 
reached, demonstrating that responses to pexidartinib are 
durable up to over 2 years. In addition to durable tumor 
responses, improvements in patient-reported outcomes that 
were observed at week 25 with pexidartinib compared with 
placebo were maintained through part 2. Importantly, no new 
safety signals were identified and there were no new signifi-
cant cases of hepatotoxicity. These results build upon those 
presented in the primary analysis of 120 patients (61 pexidar-
tinib; 59 placebo)9 and those reported in a pooled analysis of 
130 patients with TGCT at 40 months.10

Several aspects of this study are clinically relevant to 
patients: patients with symptomatic disease have a chance 
for further improvement as tumors may continue to shrink 
beyond 1 year of treatment. Secondary progression was rare, 
unlike what is typically seen in other kinase-driven tumors 
treated with specific inhibitors. This is likely because the 
pathophysiology of TGCT is different in that most of the cells 

within the tumor affected by pexidartinib are nonneoplastic 
cells,13 which are unlikely to acquire a resistance mutation. 
This may be reassuring for patients who fear malignization or 
on-treatment progression following long-term treatment with 
pexidartinib.

This analysis further explored the risk of progression of 
patients with TGCT on pexidartinib and the risks and ben-
efits of reducing dosage below 800 mg. Overall, 14 patients 
had tumor progression while on study; most of these 
were instances of secondary progression/tumor regrowth  
(13 patients had previously achieved a response). Of these, 
3 progressed while receiving the full dose (800 mg/day) of 
pexidartinib while 11 progressed after a dose reduction or 
discontinuation. Patients might require a dose reduction 
or discontinuation due to AEs, travel, or family planning; 
indeed, some patients discontinued pexidartinib during 
ENLIVEN due to family planning. Although most respond-
ers (46/55; 84%) in this study achieved response on 800 mg 
pexidartinib, 9/55 (16%) patients had an objective response 
on a dose <800 mg. Taken together, these results suggest that 
remaining on 800 mg provides the best chance of radiologic 
response while also providing some reassurance that response 
can still be achieved if dose reduction is needed. It should 
be noted that in ENLIVEN, patients could decrease dosage 

Table 3. AEs.

AE, n (%) Mar 2017
All pexidartinib-treated (N = 91)

Jan 2018
All pexidartinib-treated (N = 91)

Apr 2021
All pexidartinib-treated (N = 91)

TEAE 90 (98.9) 91 (100) 91 (100)

 � Worst CTCAE grade ≥3 39 (42.9) 43 (47.3) 50 (54.9)

TEAE related to pexidartinib 88 (96.7) 88 (96.7) 88 (96.7)

 � Worst CTCAE grade ≥3 33 (36.3) 35 (38.5) 40 (44.0)

Serious TEAE 12 (13.2) 14 (15.4) 21 (23.1)

 � Worst CTCAE grade ≥3 10 (11.0) 12 (13.2) 16 (17.6)

Serious TEAE related to pexidartinib 8 (8.8) 9 (9.9) 10 (11.0)

 � Worst CTCAE grade ≥3 8 (8.8) 8 (8.8) 9 (9.9)

Discontinued pexidartinib due to TEAE 14 (15.4) 17 (18.7) 18 (19.8)

Discontinued pexidartinib due to TEAE 
related to pexidartinib

13 (14.3) 16 (17.6) 17 (18.7)

Discontinued pexidartinib due to serious 
TEAE

3 (3.3) 3 (3.3) 3 (3.3)

Discontinued pexidartinib due to serious 
TEAE related to pexidartinib

3 (3.3) 3 (3.3) 3 (3.3)

TEAE leading to pexidartinib interruption 
or dose reduction

39 (42.9) 54 (59.3) 59 (64.8)

 � TEAE leading to pexidartinib interrup-
tion

35 (38.5) 49 (53.8) 53 (58.2)

 � TEAE leading to pexidartinib dose 
reduction

10 (11.0) 15 (16.5) 23 (25.3)

TEAE leading to pexidartinib interruption 
or dose reduction related to pexidartinib

35 (38.5) 47 (51.6) 55 (60.4)

 � TEAE leading to pexidartinib interrup-
tion related to pexidartinib

31 (34.1) 42 (46.2) 48 (52.7)

 � TEAE leading to pexidartinib dose 
reduction related to pexidartinib

10 (11.0) 15 (16.5) 22 (24.2)

TEAE leading to death 1 (1.1) 1 (1.1) 1 (1.1)

TEAE leading to death related to pexi-
dartinib

0 0 0

Abbreviations: AE, adverse event; CTCAE, Common Terminology Criteria for Adverse Events; TEAE, treatment-emergent adverse event.

D
ow

nloaded from
 https://academ

ic.oup.com
/oncolo/article/30/7/oyae345/8186020 by guest on 05 February 2026



8 The Oncologist, 2025, Vol. 30, No. 7

directly from 800 to 400 mg in the event of certain AEs; how-
ever, labeling suggested a stepwise approach through 600 mg 
before decreasing to 400 mg.14

Of the 14 patients with PD, 13 had an objective response 
prior to PD. One patient in the pexidartinib group experienced 
primary progression at week 13 during part 1 (another patient 
in the placebo group also had PD during part 1). Two patients 
had secondary progression (PD while on 800 mg/day) during 
part 1 or part 2. Although further study is required to determine 
factors associated with lack or loss of response to pexidartinib, 
these results show that primary progression is rare and pro-
gression after response while on the full dose of pexidartinib 
occurs in a small minority of patients. Unfortunately, central-
ized pathologic review of patients with PD was not performed.

The results of the PRO analysis suggest that improvements 
in range of motion, physical function, stiffness, and pain associ-
ated with pexidartinib are sustained throughout >200 weeks of 
treatment. The interpretation of PRO data is limited, however, 
due to the low number of patients available for analysis toward 
the end of the study. It is unknown whether improvement in 
any of the PROs measured would be observed if greater num-
bers of patients were available for analysis.

Finally, 3 patients were able to undergo surgery after  
pexidartinib treatment, demonstrating that pexidartinib may 

be able to decrease tumor size and/or complexity to an extent 
that allows surgery for certain patients who were previously 
ineligible for surgery.

Pexidartinib is only available in the US through a Risk 
Evaluation and Mitigation Strategy (REMS) program due 
to the risk of hepatotoxicity.15 According to clinical labo-
ratory values, 3 patients had hepatotoxicity per laboratory 
assessment (ALT and AST ≥3 times the ULN plus total bili-
rubin and ALP ≥2 × ULN) during ENLIVEN.9 Each of these 
patients started on 1000 mg/day pexidartinib and recovered 
after discontinuation.16 Hepatoxicity onset was within the 
first 8 weeks of treatment. Pexidartinib is associated with 
2 types of hepatotoxicity: dose-dependent, reversible, gen-
erally low-grade aminotransferase elevations without con-
current elevations in total bilirubin and ALP; and mixed or 
cholestatic hepatotoxicity, which can be nonreversible. Both 
types were found to occur in the first 2 months of treat-
ment, highlighting the importance of close monitoring of 
patients during the first few months of treatment when risk 
is highest.16

Other AEs associated with pexidartinib, such as hair color 
changes, nausea, fatigue, and AST/ALT increases, occurred 
at rates similar to those reported in the primary analysis. Of 
note, hair color changes (76%) are higher than reports of 
other tyrosine kinase inhibitors, such as pazopanib and suni-
tinib, which also inhibit KIT and cause hair color changes in 
30% and 10% of patients, respectively.17

This study had some limitations. Given the crossover design, 
there was no placebo control group for comparison past 
week 25. We also did not measure creatine phosphokinase in 
ENLIVEN, which may be elevated due to decreased clearance 
due to inhibition of CSFR1.18 Additionally, nearly all (96.7%) 
participants treated with pexidartinib in this study utilized 
≥1 concomitant medication associated with potential hepa-
totoxicity; 56.0% used acetaminophen. However, the exact 
amounts utilized were not systematically captured.

In this study, we used RECIST and TVS to assess tumor size. 
RECIST has limitations with respect to measuring changes in 
tumor size for irregularly shaped, nonspherical tumors with 
poorly defined margins and asymmetrical growth, such as 
TGCT, and may underestimate or overestimate response rates 
compared to TVS. These limitations of RECIST have been 
discussed in detail.19 Whereas both RECIST and TVS moni-
tor tumor mass, RECIST does so based only on single, linear 
measurements of the longest dimension. For a diffuse yet sol-
itary tumor, such as TGCT, which usually contains cysts and 
wraps around normal structures and tissues, such as articular 
bones and adipose, often only a portion of the tumor can be 
measured linearly, sometimes leaving a majority of the tumor 
unassessed. Furthermore, there may be multiple, similarly 
measurable locations on a tumor for independent readers 
to choose from, and because TGCT changes asymmetrically, 
the location of the measurement at baseline can dramatically 
affect the apparent response at follow-up.

It is important to note that differences in response rates 
as assessed by RECIST or TVS are research questions and 
improvement in patient symptoms and reduction in tumor 
volume are more clinically relevant. Nevertheless, these data 
have several implications in clinical practice: many patients 
with TGCT experience recurrence after surgery and many 
patients with diffuse TGCT have tumors that are not amena-
ble to surgery.20 Pexidartinib is a treatment option for such 
patients and provides benefit in terms of reducing tumor size 

Table 4. Any grade AE occurring in >20% of patients treated with 
pexidartinib.

AE, n (%) All pexidartinib-treated 
(N = 91)

Any grade Grade 3/4

Skin and subcutaneous 
tissue disorders

 � Hair color changes 69 (75.8) 0

 � Rash 25 (27.5) 1 (1.1)

 � Pruritus 19 (20.9) 1 (1.1)

Gastrointestinal disorders

 � Nausea 35 (38.5) 0

 � Diarrhea 29 (31.9) 0

 � Vomiting 19 (20.9) 1 (1.1)

General disorders and administration-site conditions

 � Fatigue 43 (47.3) 0

 � Edema peripheral 24 (26.4) 0

Investigations

 � AST increase 34 (37.4) 8 (8.8)

 � ALT increase 26 (28.6) 9 (9.9)

Musculoskeletal and con-
nective tissue disorders

 � Arthralgia 34 (37.4) 2 (2.2)

Nervous system disorders

 � Dysgeusia 25 (27.5) 0

 � Headache 21 (23.1) 1 (1.1)

Eye disorders

 � Periorbital edema 22 (24.2) 1 (1.1)

Vascular disorders

 � Hypertension 26 (28.6) 7 (7.7)

Abbreviations: AE, adverse event; ALT, alanine aminotransferase; AST, 
aspartate aminotransferase.
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and volume, as well as improvements in pain and mobility. 
However, patients need to be monitored carefully in the first 
months of treatment due to the risk of hepatotoxicity.

In conclusion, final long-term results from ENLIVEN 
showed that pexidartinib maintained clinical benefit, with an 
increase in ORR by RECIST with continued pexidartinib treat-
ment compared to week 25 values. Importantly, no new safety 
signals were observed after long-term pexidartinib treatment.
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