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Long-Term Outcomes of Pexidartinib in Tenosynovial Giant Cell
Tumors

Hans Gelderblom, MD "2 : Andrew J. Wagner, MD, PhD "= 23: William D. Tap, MD*°; Emanuela Palmerini, MD, PhD "' &:
Zev A. Wainberg, MD’; Jayesh Desai, MBBS®; John H. Healey, MD "/ 45, Michiel A. J. van de Sande, MD, PhD "= ;
Nicholas M. Bernthal, MD’; Eric L. Staals, MD, PhD®; Charles G. Peterfy, MD, PhD?; Anna Maria Frezza, MD "=/ 1,
Henry H. Hsu, MD"™: Qiang Wang, PhD'% Dale E. Shuster, PhD'%; and Silvia Stacchiotti, MD "2/ 10

BACKGROUND: The objective of this study was to report on the long-term effects of pexidartinib on tenosynovial giant cell tumor
(TGCT). METHODS: This was a pooled analysis encompassing 3 pexidartinib-treated TGCT cohorts: 1) a phase 1 extension study
(NCT01004861; 1000 mg/d; n = 39), 2) ENLIVEN patients randomized to pexidartinib (1000 mg/d for 2 weeks and then 800 mg/d; n =
61), and 3) ENLIVEN crossover patients (NCT02371369; 800 mg/d; n = 30). Eligible patients were 18 years old or older and had a histo-
logically confirmed TGCT that was unresectable and symptomatic. Efficacy endpoints included the best overall response (complete or
partial response) and the duration of response (DOR) by the Response Evaluation Criteria in Solid Tumors (RECIST) and the tumor vol-
ume score (TVS). The safety assessment included the frequency of treatment-emergent adverse events (TEAEs) and hepatic laboratory
abnormalities (aminotransferase elevations and mixed/cholestatic hepatotoxicity). The data cutoff was May 31, 2019. Results: One hun-
dred thirty patients with TGCT received pexidartinib (median treatment duration, 19 months; range, 1to 76+ months); 54 (42%) remained
on treatment at the end of the analysis (26 months after initial data cut of March 2017). The RECIST overall response rate (ORR) was
60%; the TVS ORR was 65%. The median times to response were 3.4 (RECIST) and 2.8 months (TVS), with 48 of the responding patients
(62%) achieving a RECIST partial response by 6 months and with 72 (92%) doing so by 18 months. The median DOR was reached for
TVS (46.8 months). Reported TEAEs were mostly low-grade, with hair color changes being most frequent (75%). Most liver abnormali-
ties (92%) were aminotransferase elevations; 4 patients (3%) experienced mixed/cholestatic hepatotoxicity (all within the first 2 months
of treatment), which was reversible in all cases (recovery spanned 1-7 months). Conclusions: This study demonstrates the prolonged
efficacy and tolerability of long-term pexidartinib treatment for TGCT. Cancer 2021;127:884-893. © 2020 The Authors. Cancer published
by Wiley Periodicals LLC on behalf of American Cancer Society. This is an open access article under the terms of the Creative Commons
Attribution-NonCommercial-NoDerivs License, which permits use and distribution in any medium, provided the original work is properly
cited, the use is non-commercial and no modifications or adaptations are made.

KEYWORDS: efficacy, long term, pexidartinib, pooled analysis, safety, tenosynovial giant cell tumor (TGCT), tumor response.

INTRODUCTION
Tenosynovial giant cell tumor (TGCT) is a rare, locally aggressive neoplasm associated with colony-stimulating factor
1 (CSF1) overexpression,'” and it affects primarily the synovium of joints, bursae, or tendon sheaths.”” Localized-type
TGCT is a locally aggressive disease, and this type accounts for 80% to 90% of TGCT cases and most commonly occurs
in the digits. Diffuse-type TGCT, formerly called pigmented villonodular synovitis (PVNS), constitutes 10% to 20% of
cases, usually occur in large joints (eg, knees, ankles, and hips), and show a higher tendency toward recurrence.”” The
diffuse variant often causes debilitating symptoms, including pain, swelling, a limited range of motion, and stiffness.'
Although surgery cures the vast majority of localized TGCT cases, the diffuse type shows a high tendency toward local
recurrence, which occurs in approximately 50% of resected cases; therefore, limiting the value of surgery for this subtype.*’
Pexidartinib is an orally administered small-molecule tyrosine kinase inhibitor'® that acts as a selective, potent
inhibitor of colony-stimulating factor 1 receptor (CSF1R), c-kit receptor tyrosine kinase (KIT), and fms-like tyrosine
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TABLE 1. Summary of the PLX108-01 and ENLIVEN Studies

Study ID (NCT No.) Study Title

Dosing Regimen for Patients

Study Design With TGCT

PLX108-01 (NCT01004861)'° A Phase 1 Study to Assess Safety,

Pharmacokinetics, and Pharmacodynamics

of PLX3397 in Patients With Advanced,
Incurable, Solid Tumors in Which the
Target Kinases Are Linked to Disease
Pathophysiology

A Double-Blind, Randomized, Placebo-
Controlled Phase 3 Study of Orally
Administered PLX3397 in Subjects With
Pigmented Villonodular Synovitis or Giant
Cell Tumor of the Tendon Sheath

ENLIVEN (NCT02371369)*

Phase 1, first in-human study with  TGCT cohort of part 2: pexidartinib
a dose escalation (part 1) and an  (n = 39) at 1000 mg/d (split dose)
extension (part 2)

Phase 3, multicenter study with 2 ~Randomized cohort (n = 61): pex-
parts: a randomized, double- idartinib at 1000 mg/d (split dose)
blind, placebo-controlled part for 2 wk, then pexidartinib at 800
and an open-label, long-term mg/d (split dose)
part Crossover cohort (n = 30): pexidarti-

nib at 800 mg/d (split dose)

Abbreviation: TGCT, tenosynovial giant cell tumor.

kinase 3 internal tandem duplication (FLT3-1TD).!
After positive preliminary results from the phase 1 ex-
tension study PLX108-01 (NCT01004861),"° compel-
ling efficacy in patients with TGCT was demonstrated
in the phase 3 ENLIVEN study (NCT02371369),
which used the Response Evaluation Criteria in Solid
Tumors (RECIST) response according to a blinded,
independent central review as the primary endpoint
for comparing pexidartinib versus placebo at week 25.%
The safety profile of pexidartinib was well established
in the ENLIVEN study” and is supported by data from
other studies in the clinical program. Pexidartinib can
cause serious and potentially fatal mixed or cholestatic
hepatotoxicity. In July 2019, the US Food and Drug
Administration multidisciplinary review team deter-
mined that the benefit/risk assessment was favorable
for a patient population with no treatments (ie, sur-
gical interventions) available or for which treatment
with surgery would not be possible because of predicted
morbidity. Subsequently, pexidartinib became the first
approved systemic therapy for TGCT in the United
States, and it was added by the National Comprehensive
Cancer Network as a category 1 recommendation for the
treatment of adult patients with symptomatic TGCT/
PVNS associated with severe morbidity or functional
limitations and not amenable to improvement with sur-
gery.lz’13 By contrast, the European Medicines Agency’s
Committee for Medicinal Products for Human Use
considered that the safety and efficacy balance of pex-
idartinib was not sufficiently demonstrated. This was
essentially based on a negative assessment of the balance
between the potential risk of life-threatening liver toxic-
ity and the nonmetastatic nature of the disease. On this
basis, pexidartinib is currently not available to patients
with advanced TGCT in the European Union.
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The aim of this pooled analysis is to report on the
long-term efficacy and safety of pexidartinib across the
phase 3 ENLIVEN study and the TGCT cohort of the
PLX108-01 study and extend beyond what has been pre-
viously published with insights from prolonged follow-up
for a median of 39 months (range, 32-82 months).

MATERIALS AND METHODS

Study Design and Participants
Key eligibility criteria and study designs for the ENLIVEN
study (NCT02371369)4 and the PLX108-01 extension
(NCT01004861)" have been described elsewhere and are
summarized in Table 1. In brief, patients were required to
be at least 18 years old and have a histologically confirmed
TGCT that was both unresectable and symptomatic;
ENLIVEN eligibility specifically required symptoms of pain
(a worst pain score of >4 on a scale of 0-10, with 10 repre-
senting pain as bad as can be imagined) or stiffness (>4 on a
scale of 0-10). Patients provided written informed consent.
The institutional review board at each participating cen-
tre approved the study; ethics were in accordance with the
Declaration of Helsinki and Good Clinical Practice guide-
lines of the International Conference on Harmonisation.
The pooled analysis encompassed 3 groups of pex-
idartinib-treated patients with TGCT: 1) patients from
a phase 1 extension study, 2) patients from ENLIVEN
who were randomized to pexidartinib at 1000 mg/d for
2 weeks and then 800 mg/d, and 3) crossover patients
from ENLIVEN receiving pexidartinib at 800 mg/d. The
phase 1 PLX108-01 study was the first in-human study
with a dose-escalation phase with an expansion cohort
phase (39 patients with TGCT) conducted in patients
with solid tumors. Pexidartinib at 1000 mg/d (split in
twice daily dosing) was taken until tumor progression or
the development of unacceptable toxicities.

885

35UB01 7 SUOWIWIOD SA1ERID 3(edtdde auy Aq peusenof a2 il VO ‘8sN JO S9INJ 10} ARIqiT SUIIUO AS]1A UO (SUONIPUOD-pUe-SWLB) W00 A8 1M AReq 1 pui|uo//Sdiy) SUOTIPUOD pue swie | U1 89S " [£202/T0/c2] Uo AiqiTaulluo A81IM ‘UepiT JO A1sieAlun AQ ZTEEE 10ud/Z00T 0T/I0p/uod A3 1M AeIq iUl juo'S feuano sJe//sdny Wwoj pepeojumod ‘9 ‘T202 ‘ZrT0L60T



Original Article

ENLIVEN, which included 120 patents with
TGCT, was a phase 3, randomized, placebo-controlled,
2-part, multicenter study conducted in patients with
symptomatic TGCT for whom surgical resection would
be associated with potentially worsening functional lim-
itation or severe morbidity.* In part 1 (double-blind,
randomized, placebo-controlled treatment for 24 weeks),
patients received either pexidartinib at 1000 mg/d (n =
61) or matching placebo (n = 59) for the first 2 weeks
followed by pexidartinib at 800 mg/d or matching pla-
cebo for 22 weeks (with twice daily dosing for both). In
part 2, patients were allowed to continue treatment with
open-label pexidartinib for a long-term evaluation of safety
and efficacy. The crossover population (n = 30) received
open-label pexidartinib after receiving a placebo in part 1.

Assessments and Analysis
Efficacy (tumor response) was determined by the best
overall response (complete response [CR] or partial re-
sponse [PR]) and the duration of response (DOR)
by RECIST (version 1.1) and the tumor volume score
(TVS), with tumor assessments performed by an inde-
pendent central review. The frequency of imaging was
every 8 weeks for the phase 1 extension cohort and every
12 wecks for patients from ENLIVEN.*!” DOR was
defined as the time from the first recorded response by
RECIST to the first documentation of subsequent disease
progression. In the ENLIVEN study, the overall response
rate (ORR) at week 25 per RECIST (version 1.1) was the
primary endpoint, and the overall response measured by
TVS was a secondary endpoint. RECIST (version 1.1)
and TVS by an independent central review were also used
in the PLX108-01 study in measuring tumor response.
TVS is a magnetic resonance imaging scoring system de-
scribing the tumor volume as a proportion of the esti-
mated volume of the maximally distended synovial cavity
or tendon sheath involved. A TVS response was defined
as a >50% reduction in tumor size, and progressive dis-
ease was defined as a >30% increase in tumor size from
the baseline. Notably, the ENLIVEN study required cen-
tral review confirmation of evaluable disease before en-
rollment, whereas the PLX108-01 study did not, and 5 of
the 39 total patients were not evaluable because of joint
replacement hardware (n = 4) or myositis (n = 1). These
5 patients were nonresponders and were included in the
denominator for response rate calculations. The tumor
response for this analysis followed the definition used in
ENLIVEN, which did not require response confirmation.
For safety, the frequency of treatment-emergent
adverse events (TEAEs) was tabulated according to the
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Common Terminology Criteria for Adverse Events by sys-
tem organ class and preferred term. Hepatic tests were also
evaluated, and hepatic abnormalities were classified into
1 of 2 types—aminotransferase elevations or mixed or
cholestatic hepatotoxicity—based upon liver test results.

The data cutoff for the efficacy and safety analy-
ses reported here was May 31, 2019; this represented a
median follow-up duration of 39 months (range, 32-82
months after patients’ first dose) and provided a long-
term efficacy and safety evaluation of pexidartinib-treated
patients with TGCT.

RESULTS
The 130 patients with TGCT across both studies who re-
ceived pexidartinib were included in the efficacy analysis,
with the patient demographics and baseline disease charac-
teristics summarized in Table 2. The median age in the pop-
ulation was 45 years (range, 20-80 years), and the knee was
the most common location of the disease (57%). Seventy-
seven patients (59%) had at least 1 prior surgery, and 16
patients (12%) had received prior systemic therapy. Eight of
the 130 patients (6%) had received prior radiation therapy.
The pooled population had a median duration of
treatment of 19 months, with treatment ongoing in 54
patients (42%) at the May 31, 2019, cutoff. Overall
tumor response rates (best response of CR or PR) were
high, consistent across the 3 cohorts, and durable
(Fig. 1 and Table 3). The best response according to
RECIST was CR or PR in 78 patients (ORR, 60%;
95% confidence interval, 51.4%-68.0%), stable disease
in 26 patients (20%), and progressive disease in 1 pa-
tient (1%; Fig. 1A and Table 3). Eighty-four patients
(65%) achieved a complete or partial TVS response
(Fig. 1B and Table 3). The median time to an initial
response was 3.4 months (range, 1.6-38.3 months) via
RECIST and 2.8 months (range, 1.6-33.6 months) via
TVS, with most responses (65 of 84 [77%]) occurring
within the first 6 months after the start of pexidartinib
treatment (first 2 scans) and others (19 of 84 [23%])
developing only after more than 6 months of pexidar-
tinib treatment. Regarding RECIST, of the 78 patients
who achieved a response, 32 (41%) had achieved a re-
sponse by 3 months, 48 (62%) had shown a response by
6 months, and 72 (92%) had shown a response by 18
months (Fig. 1C). Regarding TVS, of the 84 patients
who reached a response, 50 (60%) had achieved a re-
sponse by 3 months, 65 (77%) had shown a response
by 6 months, and 82 (98%) had shown a response by
12 months. Two additional patients reached a TVS

Cancer  March 15, 2021

35UB01 7 SUOWIWIOD SA1ERID 3(edtdde auy Aq peusenof a2 il VO ‘8sN JO S9INJ 10} ARIqiT SUIIUO AS]1A UO (SUONIPUOD-pUe-SWLB) W00 A8 1M AReq 1 pui|uo//Sdiy) SUOTIPUOD pue swie | U1 89S " [£202/T0/c2] Uo AiqiTaulluo A81IM ‘UepiT JO A1sieAlun AQ ZTEEE 10ud/Z00T 0T/I0p/uod A3 1M AeIq iUl juo'S feuano sJe//sdny Wwoj pepeojumod ‘9 ‘T202 ‘ZrT0L60T



Gelderblom et alLong-Term Pexidartinib Treatment for TGCTs/Gelderblom et al

TABLE 2. Patient Demographics and Baseline Disease Characteristics

ENLIVEN

Randomized: 1000 mg/d x 2 wk,

Crossover: 800 mg/d?

PLX108-01 TGCT Cohort:

Characteristic Then 800 mg/d (n = 61) (n =30) 1000 mg/d? (n = 39) Pooled (N = 130)
Age, median (range), y 44 (22-75) 47 (20-79) 42 (22-80) 45 (20-80)
Sex, n (%)
Male 26 (43) 4 (47) 17 (44 57 (44
Female 35 (57) 6 (53) 22 (56) 73 (56)
Race, n (%)
White 52 (85) 30 (100) 33 (85) 115 (88)
Asian 3(5) 0 3(8) 6 (5)
Black 1(2) 0 3(8) 43)
Native American 23 0 0 22
Hawaiian/Pacific 2 (3) 0 0 22
Islander
Other (multiracial) 1@2) 0 0 1(1)
Disease location, n (%)
Knee 34 (56) 19 (63) 21 (54) 74 (57)
Ankle 14 (23) 3 (10) 7 (18)° 24 (18)
Hip 6 (10) 3(10) 7(18)° 16 (12)
Other® 7 (11) 5(17) 4(10) 16 (12)
Prior surgeries for TGCT,
n (%)
0 29 (48) 16 (53) 8 (21) 53 (41)
1 13 (21) 5(17) 5(13) 23 (18)
2 7(11) 6 (20) 10 (26) 23 (18)
>3 12 (20) 3(10) 16 (41) 31 (24)
Prior systemic therapy,®
n (%)
0 53 (87) 28 (93) 33 (85) 114 (88)
>1 8 (13) 2(7) 6 (15) 16 (12)
Prior radiation therapy,®
n (%)
0 56 (92) 29 (97) 36 (92) 121 (93)
1 4(7) 1) 3(8) 8 (6)
>2 1(2) 0 0 1(1)
Duration of exposure, 16.7 (1.0-46.1) 31.7 (2.0-43.1) 16.8 (0.5-75.5+) 18.7 (0.5-75.5+)

median (range), mo

Abbreviation: TGCT, tenosynovial giant cell tumor.
Starting dose.

®Included the wrist, foot, shoulder, spine, finger, and elbow.
°Included the foot/ankle.

9Yncluded the hip/thigh.

®Included nilotinib (n = 1) or imatinib (n = 7) in ENLIVEN and imatinib or nilotinib (n = 4) or denosumab or sirolimus (n = 2) in PLX108-01.
[Correction added on 27 January 2021, after first online publication: corrections have been made to some of the data in Table 2]

response between 12 and 34 months after the initia-
tion of pexidartinib (Fig. 1D). Of the 130 patients in
the pooled analysis, 34 (26%) achieved a RECIST CR.
Fifteen of the 34 patients (44%) who achieved a CR did
so by 8 months after the start of pexidartinib treatment.
By 20 months, 26 patients (76%) had achieved a CR,
whereas the last patient to do so was at approximately
42 months after the initiation of pexidartinib (Fig. 1E).
One patient had RECIST progressive disease as the best
overall response with no progression per TVS (Table 3).
Ultimately, according to RECIST, a total of 16 patients
(12%) progressed on treatment or after treatment dis-
continuation, 14 (11%) progressed on treatment, and
2 (2%) progressed after treatment. One patient (1%)
underwent surgery for residual TGCT after a response
to pexidartinib therapy.

Cancer  March 15, 2021

Pexidartinib was generally well tolerated, with
most TEAEs being low grade (1 or 2) even with long-
term treatment (Table 4). All 130 patients experienced
1 or more TEAEs; 127 of the patients (98%) experi-
enced at least 1 treatment-related TEAE (Supporting
Table 2). The most frequently reported TEAEs by sys-
tem organ class (all reversible) were hair color change
(75%), followed by fatigue (61%), nausea (47%), and
arthralgia (39%; Table 4). Sixty-seven patients (52%)
had TEAEs of Common Terminology Criteria for
Adverse Events grade 3 or higher, of which 57 patients
(85%) had events that were treatment-related. There
were 23 patients (18%) who experienced a total of 32
serious adverse events. Of these 23 patients, 14 (61%)
had treatment-related serious adverse events. One pa-
tient (1%) had a grade 5 event in the crossover group
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Figure 1. Tumor assessments by independent central review in pexidartinib-treated patients with tenosynovial giant cell tumor:
(A) waterfall plot of best tumor size change by RECIST, (B) waterfall plot of best tumor size change by TVS, (C) RECIST time to
initial response, (D) TVS time to initial response, and (E) RECIST time to complete response. ORRs were calculated with the pooled
population as the denominator. Evaluable patients (RECIST and TVS) were those who had a baseline tumor assessment and at least
1 postbaseline tumor assessment. *For RECIST, there were 110 patients evaluable (78 with a >30% reduction). TFor TVS, there were 111
patients evaluable (84 with a >50% reduction and 5 with no change). Abbreviations: ORR, overall response rate; RECIST, Response
Evaluation Criteria in Solid Tumors (version 1.1); TVS, tumor volume score.

of ENLIVEN (the cause of death was aortic dissec-
tion after a long history of cardiac events, and it was
reported as unrelated to pexidartinib; see Table 4 and
Supporting Table 2).

There were 89 patients (68%) who experienced
TEAE:s resulting in a dose reduction or interruption.
Treatment discontinuation occurred in 69 of the pa-
tients (53%) in the pooled analysis (Supporting
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Table 1). The most common reason for the discontinua-
tion of pexidartinib was an adverse event, which was the
case for 31 patients (24%; Supporting Table 1). These
adverse events leading to discontinuation included ab-
normal laboratory investigations (n = 9 [7%]), nervous
system disorders (n = 8 [6%]), and musculoskeletal/
connective tissue disorders (n = 6 [5%]). Twenty pa-
tients (15%) discontinued because of withdrawal of
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TABLE 3. Summary of Efficacy

ENLIVEN
Randomized: 1000 mg/d x 2 wk, Crossover: PLX108-01 TGCT Cohort: Pooled

Endpoint Then 800 mg/d (n = 61) 800 mg/d? (n = 30) 1000 mg/d? (n = 39) (N=130)
RECIST, n (%) [95% ClI]

Complete response 8 (30) [19.6-41.9] 8 (27) [14.2-44.4] 8 (21) [10.8-35.5] 34 (26) [19.4-34.3]

Partial response 0 (33) [22.3-45.3] 10 (33) [19.2-51.2] 14 (36) [22.7-51.6] 44 (34) [26.3-42.3]

Stable disease 3 (21) [12.9-33.1] 8 (27) [14.2-44.4] 5 (13) [5.6-26.7] ( 0) [14.0-27.7]

Progressive disease 1(2) [0.3-8.7] 0[0.0-11.4] 0[0.0-9.0] 1(1)[0.1-4.2]

Not evaluable 9 (15) [8.0-25.7] 4 (13) [5.3-29.7] 12 (31) [18.6-46.4] 5 (19) [13.4-26.8]

Overall response rate 38 (62) [49.7-73.4] 18 (60) [42.3-75.4] 2 (56) [41.0-70.7] 78 (60) [51.4-68.0]

(complete or partial)
DOR, median (range), mo
TVS, n (%) [95% Cl]
Complete response
Partial response
Stable disease
Progressive disease
Not evaluable
Overall response (com-
plete or partial)
DOR, median (range), mo

NR (0.0+ to 41.4+)

5 (8) [3.6-17.8]
35 (57) [44.9-69.0]
13 (21) [12.9-33.1]

01[0.0-5.9]

8 (13) [6.8-23.8]
40 (66) [53.0-76.3]

NR (0.0+ to 41.4+)

NR (6.1+ to 39.2+)

1 (3)[0.6-16.7]

9 (63) [45.5-78.1]

(20) [9.5-37.3]
01[0.0-11.4]

4 (13)[5.3-29.7]

20 (67) [48.8-80.8]

NR (8.0+ to 39.2+)

NR (1.7 to 70.0+)

8 (21) [10.8-35.5]
16 (41) [27.1-56.6]
3(8) [2.7-20.3]
01[0.0-9.0]

2 (31) [18.6-46.4]
4 (62) [45.9-75.1]

41.9 (1.7 t0 70.0+4)

NR (0.0+ to 70.0+4)

14 (11) [6.5-17.3]

70 (54) [45.3-62.2]

22 (17) [11.4-24.3]
01[0.0-2.9]

24 (18) [12.7-26.0]

84 (65) [56.1-72.3]

46.8 (0.0+ to 70.0+)

Abbreviations: Cl, confidence interval; DOR, duration of response; NR, not reached; RECIST, Response Evaluation Criteria in Solid Tumors (version 1.1); TGCT,

tenosynovial giant cell tumor; TVS, tumor volume score.
Starting dose of pexidartinib.

[Correction added on 27 January 2021, after first online publication: corrections have been made to some of the data in Table 3]

consent, and 5 (4%) were noncompliant (all from the
phase 1 extension study). Five patients (4%) discontin-
ued pexidartinib because of disease progression, and 2
of these (2%) were phase 1 patients with malignant/
metastatic disease. Investigator decision resulted in 3
patients (2%) discontinuing pexidartinib treatment
(Supporting Table 1).

Pexidartinib was associated with hepatic laboratory ab-
normalities, which included hepatic adverse reactions (ARs;
Table 5). Hepatic ARs were experienced by 95% of the pa-
tients (123 of 130) and were of 2 clinically distinct types.
The first type was isolated aminotransferase elevations,
which were frequent, reversible with dose-interruption, and
dose-dependent. The second type of hepatic AR was mixed
or cholestatic hepatotoxicity, which in clinically significant
cases presented as increases in alkaline phosphatase and total
bilirubin with aminotransferase elevations. These events
were less frequent, idiosyncratic, and sometimes prolonged.
The onset was within the first 8 weeks of treatment, and all
resulted in permanent treatment discontinuation.

In the pooled analyses, most patients treated with
pexidartinib (n = 119 [92%]) experienced aminotrans-
ferase elevations, most commonly alanine aminotrans-
ferase and aspartate aminotransferase increases of >1 to
<3 X the upper limit of normal (ULN; 66%).

Of the 130 patients with TGCT, 4 (3%) experienced
mixed or cholestatic hepatotoxicity (Table 5). All cases
started within the first 8 weeks of treatment and were

Cancer  March 15, 2021

reversible, but the duration was prolonged in some cases,
with recovery spanning 1 to 7 months. Across all 768 pa-
tients who received pexidartinib in clinical trials, there
were 2 irreversible cases of cholestatic liver injury (0.3%).
One patient died with advanced cancer and ongoing liver
toxicity, and 1 patient required a liver transplant.

The time to the first occurrence of laboratory val-
ues meeting hepatic laboratory criteria corresponding
to a dose reduction, interruption, or withdrawal based
on the US Prescribing Information (alanine amino-
transferase > 3 X ULN or aspartate aminotransferase
> 3 X ULN, alkaline phosphatase > 2 X ULN with
y-glutamyl transferase > 2 X ULN if measured on the
same date, total bilirubin > ULN, or direct bilirubin >
ULN) was analyzed and evaluated, and the results were
previously presented.'® Most events occurred in the first
2 months, and no additional events occurred later than
24 months after the start of pexidartinib treatment.'®
In the long-term follow-up (median, 39 months from
initial dosing [May 2019]), no new cases of mixed or
cholestatic hepatotoxicity were observed in patients
continuing long-term pexidartinib treatment. A more
comprehensive analysis of hepatic safety events will be
reported elsewhere.

DISCUSSION
With prolonged follow-up with a median of 39 months
(range, 32-82 months), pexidartinib was confirmed to
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be an effective long-term treatment in adult patients
with locally advanced TGCT with an overall tumor
response rate of 60% and a prolonged DOR. Notably,
there was 1 patient who had a RECIST-based best over-
all response of progressive disease with continued pex-
idartinib use. A high and comparable best ORR was
achieved across all pexidartinib-treated cohorts and

130)
Grade > 3, %

Total (N

evaluation methods. Tumor response rates from the
pooled ENLIVEN and PLX108-01 studies increased
with long-term pexidartinib treatment. The median

All Grades, %
12
12
11
10

treatment duration was 19 months (range, 1 to 76+
months), and this resulted in compelling ORRs of 60%
(RECIST, version 1.1) and 65% (TVS). Many patients
achieved a tumor response by RECIST and TVS within
the first 6 months (first 2 scans) after the start of pex-
idartinib treatment, but even more patients achieved

, %

Grade > 3
3
0
0
0

(n=39)

a response with long-term pexidartinib treatment.
Previously, in the published phase 3 study, the RECIST
response rate after 24 weeks of pexidartinib treatment
was 39% (vs 0% with a placebo; 2 < .0001), and 4 of 5
comparative secondary endpoints, including TVS (56%
vs 0%; P < .0001), were met.*

To date, there has been limited availability of long-
term prospective data for TGCT. A retrospective study of
patients treated across 12 centers in Europe, the United

15
18

21

PLX108-01 TGCT Cohort: 1000 mg/d®
All Grades, %
23

, %

Grade > 3
0
0
0
0

States, and Australia found that long-term imatinib treat-
ment in patients with TGCT resulted in a 31% RECIST-
based response rate among 55 assessable patients with
locally advanced or recurrent disease with a median treat-
ment duration of 9 months (range, 1-80 months). At the
last follow-up, most patients (66%) had discontinued
imatinib treatment.”” Of the 130 patients with TGCT
treated with pexidartinib, 54 (42%) remained on treat-
ment, with only 5 patients (4%) discontinuing because
of disease progression (2 of these patients had malignant/
metastatic disease). These data further support that pexi-
dartinib provides long-term control of TGCT.

Crossover: 800 mg/d? (n = 30)
All Grades, %
3
13
3
10

ENLIVEN
, %

Grade > 3
2
0
0
0

The main reasons for treatment discontinuation
were adverse events (24%) and patient withdrawal of
consent (15%). Treatment with novel drugs for this dis-
ease is discontinued for various reasons. In a prospective
study evaluating nilotinib in patients with PVNS (N =
56) with a median duration of treatment of 11.0 months
(interquartile range, 7.0-12.0 months), 25 patients (45%)
discontinued nilotinib before 12 months because of pro-

Randomized: 1000 mg/d x 2 wk,
Then 800 mg/d (n = 61)

All Grades, %
10
7
11
5

gressive disease (n = 6), tumor resection (n = 4), toxicity

(n = 5), the patient’s refusal (n = 8), or the investigator’s
decision (n = 1) or were lost to follow-up (n = 1).16

infection
Psychiatric disorders

Long-term treatment with pexidartinib has demon-
strated a tolerable safety profile with no late-emerging

Upper respiratory tract

Insomnia

Anemia
Respiratory, thoracic, and

Cough
Infections and infestations

Abbreviations: ALP, alkaline phosphatase; ALT, alanine aminotransferase; AST, aspartate aminotransferase; NA, not applicable; TGCT, tenosynovial giant cell tumor.

Starting dose of pexidartinib.

TABLE 4. Continued
mediastinal disorders

Adverse Event

Cancer  March 15, 2021 891
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TABLE 5. Hepatic Laboratory Abnormalities

ENLIVEN

Randomized: 1000 mg/d x 2 wk, Crossover: 800 PLX108-01 TGCT Cohort:  Pooled

Endpoint Then 800 mg/d (n = 61) mg/d® (n = 30) 1000 mg/d? (n = 39) (N =130)
Aminotransferase elevations (119 [92%)]), n (%)
ALT or AST > 1to <3 x ULN 39 (64) 21 (70) 26 (67) 86 (66)
ALT or AST > 3to <5 x ULN 7(12) 4(13) 4 (10) 15 (12)
ALT or AST > 5to < 10 x ULN 6 (10) 2(7) 2 (5) 10 (8)
ALT or AST > 10 to < 20 x ULN 3(5) 13 2 (5) 6 (5)
ALT or AST > 20 x ULN 2 @) 0 0 2(2)
Mixed or cholestatic hepatotoxicity (4 [3%]), n (%)
ALT or AST > 3, TBIL > 2, and ALP < 2 x ULN 0 0 0 0
(true Hy’s law)
ALT/AST > 3, TBIL > 2, and ALP > 2 x ULN 3(5) 0 10 4 (3)P°
TBIL > 2 x ULN (in absence of ALT > 3 or ALP 0 0 10 1(1)
> 2 x ULN)

Abbreviations: ALP, alkaline phosphatase; ALT, alanine aminotransferase; AST, aspartate aminotransferase; TBIL, total bilirubin; TGCT, tenosynovial giant cell

tumor; ULN, upper limit of normal.
Starting dose of pexidartinib.

PIncluded 1 patient with a single-time point elevation of TBIL considered unrelated to treatment.

toxicity. At the original data cutoff (March 2017), the
most common toxicities were hair color changes (73%),
fatigue (42%), and nausea (32%).4 In the current pooled
analysis, where patients in ENLIVEN were followed for an
additional 26 months of pexidartinib treatment, the most
common adverse events were similar (Table 4). Of the 130
patients with TGCT exposed to pexidartinib for a median
treatment duration of 19 months, 4 had serious hepatic
ARs, and all started within the first 8 weeks of treatment.
Although all of these events were reversible in the TGCT
population, the duration of liver injury was prolonged in
some cases, and in the overall clinical program, there were
2 irreversible cases of cholestatic liver injury. One patient
died with advanced cancer and ongoing liver toxicity, and
1 patient required a liver transplant. The current analysis
showed that no new mixed or cholestatic hepatotoxicity
was reported beyond the first 8 weeks of treatment.

Because of the risk of hepatotoxicity, pexidartinib is
available only through the Risk Evaluation Management
System program in the United States. Frequent mon-
itoring of liver function, early intervention with dose
modification, and education on symptoms of emerging
hepatotoxicity and the approved indication of pexidar-
tinib are critical for a robust benefit-to-risk assessment
on an individual patient basis. The additional long-term
safety data did not reveal late-emerging or cumulative tox-
icities of clinical significance that would require revised
risk management procedures beyond those proposed for
patients in the first 2 months of pexidartinib treatment.
Opverall, these findings are encouraging for this rare tumor
population with a highly unmet need for effective sys-
temic therapy.

892

A limitation of the current pooled analysis is the
lack of a control group for a comparison of symptomatic
and functional improvement and safety with long-term
treatment.'” In addition, it cannot provide data on the
time to disease progression in those patients who stopped
pexidartinib while they had a response or were stable.
Nonetheless, this analysis adds to previous findings show-
ing that systemic therapy targeting the CSF1/CSFIR
pathway is an effective therapeutic strategy in patients
with TGCT, and it demonstrates the overall long-term
benefit of continued treatment with pexidartinib.
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