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ABSTRACT ) ) ) ) ARTICLE HISTORY
Tenosynovial giant cell tumors (TGCT) are rare, locally aggressive neoplasms causing pain, stiffness, Received 9 April 2026

swelling, limited range of motion, and joint degeneration, which can be debilitating. Therapeutic Accepted 9 July 2026

options include surgery or systemic therapy with colony-stimulating factor 1 receptor (CSF-1R) pathway

inhibitors. However, many are not amenable to surgery or have high postsurgical recurrence rates. )
. . : X .2 X X Emactuzumab; tenosynovial

Available systemic therapies require long-term administration and can have burdensome side effects. giant cell tumor; TANGENT;

Emactuzumab is a novel, potent, CSF-1R inhibiting monoclonal antibody with a unique mechanism of CSF-1: CSF-1R; monoclonal

action targeting the receptor dimerization interface of the CSF-1R to reduce tumor-associated macro- antibody

phages and inflammation within the TGCT microenvironment. It is the only short-course, intravenous

therapy in development for TGCT. In a phase | study, emactuzumab resulted in robust and durable

responses, and a manageable safety profile in patients with TGCT, supporting further research as

a treatment option to address unmet need and improve quality of life in patients with TGCT.

TANGENT is a randomized, double-blind, global, phase Ill study (NCT05417789) to investigate the safety

and efficacy of intravenous emactuzumab versus placebo in patients with TGCT not amenable to

surgery.

Clinical trial registration: www.clinicaltrials.gov identifier is NCT05417789 initially registered on

1 June 2022.
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PLAIN LANGUAGE SUMMARY
What is this article about?

The TANGENT trial examines a new treatment for tenosynovial giant cell tumors (TGCTs). TGCTs are
rare tumors in the joints or tendon. TGCTs have two types, nodular (N-TGCT), which is typically a single
tumor, and diffuse (D-TGCT), which spreads out more. TGCTs grow quickly and can cause joint damage,
pain, stiffness, and decrease joint movement. Surgery is usually done to remove the tumor. However,
surgery is not an option for all tumors and some tumors may return after surgery. Oral medications that
target a pathway involved in TGCT development (CSF-1 inhibitors) are another treatment option. These
are taken long term and can have side effects.

Emactuzumab is a new treatment for TGCT given intravenously for 8-weeks. In an earlier study,
patients treated with emactuzumab responded to treatment and side effects were manageable.
What will the study look at?

This article describes a trial looking at the safety and effectiveness of emactuzumab in patients with
TGCT that cannot have surgery. The trial evaluates a short 8-week Intravenous treatment. If emactuzu-
mab reduces tumor burden and improves function, it could become a new treatment for TGCT.
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Background

TGCTs are rare, treatments for TGCT.

locally aggressive
tumors that can be
debilitating

S

There is a need for additional

Limitations of current options
include risk of recurrence, need
for long-term administration,
and accompanying side effects

The TANGENT trial
(NCT05417789) will
assess safety and
efficacy of a short
treatment course of
emactuzumab vs
placebo for TGCT

v

Study Overview

Screening

Adult
double-blind phase

Adolescent
open-label phase

Primary endpoint:

ORR (primary) and
ORR according to
TVS (secondary)
6 months from
initiation of therapy

Key secondary endpoints:

Randomization (2:1): PRO? from
. . . B f b E f b baseline to
Patients will be treated with mactuzuma mactuzumai 6 months”
emactuzumab or placebo by or placebo
1V infusion fortnightly over
approximately 8 weeks HCP-reported
joint mobility
score from
1000 mg CSvole 1 Cycles 2-5 i
emactuzumab yee (14 days Follow-up’ baseline to
or placebo (1%cays) each) 6 months
\ J \\ J \, v
“Adult patients with disease progression during the follow-up period may be eligible to receive open-label emactuzumab.
*PROs include PROMIS-PF TGCT, worst pain and worst stiffness NRS, and EQ-5D-5L VAS.
EQ-5D-5L, EuroQOL 5-di ion 5-level ire; HCP, healthcare IV, i ; NRS, numerical rating scale; ORR, objective response rate; PRO, patient-reported outcome;

PROMIS-PF, Patient-Reported Outcomes Measurement Information System-Physical Function scale; TGCT, tenosynovial giant cell tumor; TVS, tumor volume score; VAS, visual analog scale.

1. Introduction
1.1. Background and rationale

Tenosynovial giant cell tumors (TGCT), formerly known as
pigmented villonodular tenosynovitis, are rare mesenchymal
neoplasms that most often arise in the synovium of joints,
bursae, or tendon sheaths [1-4]. They are locally aggressive
and destructive and can cause joint erosion, joint space loss
and effusion, and bony mineralization, ultimately resulting in
pain, limited range of motion, stiffness, joint degeneration,
and swelling [2,3,5-7]. The prevalence of TGCTs was estimated
to be between 12-44 per 100,000 persons at the end of 2012,
and they typically present in younger people between 35-50
years old, but can occur at any age [1,8,9]. In the United States,
TGCT is associated with high healthcare use, disability, and
work loss, reflecting substantial, underrecognized burden [10].

TGCTs have two radiologically distinct subtypes, localized
(L-TGCT, also referred to as nodular N-TGCT) and diffuse (D-
TGCT), based on tumor location and growth pattern
[1,7,11,12]. L-TGCT commonly presents as a unique or single
limited lesion, whereas D-TGCT has more extensive and infil-
trative involvement [1]. L-TGCT and D-TGCT share common
mechanisms of pathogenesis, most of which involve translo-
cations of the colony-stimulating factor 1 (CSF-7) gene, ulti-
mately resulting in the overexpression of CSF-1 [13,14]. CSF-1
regulates the survival, proliferation, and differentiation of
mononuclear phagocytes, and its overexpression results in
tumor expansion through the recruitment of inflammatory
cells to the tumor microenvironment [15-17].

Treatment for TGCT may involve surgical resection of the
tumor [1]. However, not all tumors are amenable to surgery,

and for those that are, postsurgical recurrence can occur (up
to 36% recurrence reported for L-TGCT and 72% for D-TGCT),
with rate of recurrence varying by affected joint [1,7,12,18].
Surgery may also lead to complications and morbidity, includ-
ing, but not limited to, infection and wound healing problems,
hemorrhage (including hemarthrosis, requiring drainage),
nerve damage, joint stiffness and dysfunction, and the poten-
tial need for joint replacement [1,19-22]. Patients may require
additional surgeries throughout their lifetime, and the risk of
morbidity increases with subsequent procedures [1,7,19].

In cases where tumors are not amenable to surgery, systemic
therapies such as oral CSF-1 receptor (CSF-1R) pathway inhibi-
tors are available [1], but these therapies have limitations, such
as chronic administration burden (including impact on family
planning), drug-drug interactions, chronic side effects, food
effect, and adherence challenges [23,24]. Currently, three oral
CSF-1R inhibitors are approved for the treatment of TGCT,
pexidartinib (approved in the US, Taiwan, and South Korea),
vimseltinib (approved in the US and European Union), and
recently, pimicotinib (approved in China) [23-27]. Pexidartinib
resulted in a 39% overall response in a phase lll trial of patients
with TGCT, but has a black box warning and is only available to
patients through a risk evaluation and mitigation strategy
(REMS) program due to its association with hepatotoxicity
[23,28]. In phase Il trials of patients with TGCT, vimseltinib
and pimicotinib demonstrated objective response rates of
40% and 54% at 25 weeks, respectively [29,30]. However, oral
CSF-1R inhibitors require long-term administration and can
result in side effects such as periorbital edema, fatigue, pruritus,
itching, headache, asthenia, and nausea, among others
[23,24,28,29], which may affect treatment adherence.
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® Tenosynovial giant cell tumors (TGCT) are rare, mesenchymal, benign
neoplasms with the potential of malignant transformation, often
arising in the synovium of joints, bursae, or tendon sheaths. They
are locally aggressive and destructive and can cause joint erosion,
joint space loss and effusion, and bony mineralization, resulting in
pain, limited range of motion, stiffness, joint degeneration, and
swelling.

® Treatment for TGCT may involve surgical resection of the tumor or
systemic therapies such as oral CSF-1 pathway inhibitors. However,
many tumors are not amenable to surgery, and for those that are,
postsurgical recurrence and complications associated with surgery
are concerns. Another treatment option is oral CSF-1R inhibitors,
which also have limitations as they are associated with chronic
administration burden (including impact on family planning), drug-
drug interactions, chronic side effects, food effects, and adherence
challenges.

® Emactuzumab is a novel, potent, highly selective, monoclonal immu-
noglobulin  G1  (IgG1) antibody directed against CSF-1R.
Emactuzumab has a distinct mechanism of action targeting the
CSF-1R dimerization interface with high affinity to block ligand-
induced and ligand-independent receptor activation at the surface
of cells expressing this receptor in the TGCT microenvironment.

® Emactuzumab also offers a new, differentiated treatment option, as
it is has a short treatment course (delivered by intravenous infusion)
of approximately 8 weeks.

® |n a phase | study, emactuzumab resulted in robust and durable
responses with a manageable safety profile, supporting further
research as a treatment option to address the unmet need and
improve quality of life in patients with TGCT.

® The phase Il TANGENT study was designed to assess the safety and
efficacy of a short treatment course of emactuzumab, consisting of 5
doses of emactuzumab administered as intravenous infusion once
every 2 weeks, with the possibility for retreatment in the case of
progression in patients with TGCT.

Therefore, there remains an unmet medical need for alternative
therapies for TGCT.

Emactuzumab (formerly RG7155 and RO5509554) is
a novel, potent, highly selective, monoclonal immunoglobulin
G1 (IlgG1) antibody directed against CSF-1R [31,32].
Emactuzumab has a distinct mechanism of action targeting
the CSF-1R dimerization interface with high affinity to block
ligand-induced- and ligand-independent receptor activation at
the surface of cells expressing this receptor, such as macro-
phages and monocytes in the TGCT microenvironment [31]. By
inhibiting CSF-1R and downstream signaling pathways, emac-
tuzumab induces apoptosis of tumor-associated macrophages
and reduces recruitment of inflammatory cells to the tumor
microenvironment [31]. Emactuzumab selectively binds to
human CSF-1R but not to similar tyrosine kinase receptors
such as c-Kit and PDGFR, thus enabling highly specific target-
ing of CSF-1R [31].

Emactuzumab offers a new differentiated treatment option
delivered as a short-course intravenous (IV) infusion, with
a treatment course of approximately 8 weeks (5 visits). While
IV administration requires repeat visits to an infusion center
for treatment it has the advantage of ensuring compliance
with treatment, enables patient healthcare provider interac-
tions during infusions, and avoids issues of adherence that
have been observed with oral anti-cancer medications, includ-
ing tyrosine kinase inhibitors [33,34]. In addition, because CSF-
1R inhibitors are contraindicated in pregnancy for both male
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and female patients, from a family planning standpoint, short
course therapy allows patients to complete a course of treat-
ment and move forward with their lives. The overall treatment
duration is also shorter than that of oral TKis.

In early phase clinical trials, emactuzumab has been
explored as a single agent and a combination treatment in
patients with advanced solid tumors, and safety data are
available in over 450 patients [31,32,35-38]. From the early
phase clinical data of emactuzumab in patients with D-TGCT
or advanced solid tumors, the optimal biological dose was
determined to be 1000 mg once every 2 weeks (Q2W), leading
to target saturation and optimal reduction in tumor-associated
macrophages in tissue biopsies [39]. In a phase la/b, open-
label dose-escalation and extension study of 63 adult patients
with D-TGCT, the best overall objective response rate over all
dose levels was 71% (45/63) in patients treated with emactu-
zumab, with 3% (2/63) of patients having a complete response
and 68% (43/63) a partial response [35]. The disease control
rate was 98%, and clinical responses were durable, with objec-
tive response rates of 70% and 64% observed at 1- and 2-year
follow-up, respectively [35]. Across all patients, the median
(min, max) number of treatment cycles administered was 4
(1, 14) [35]. Adverse events reported with emactuzumab were
comparable to other CSF-1R agents, with common events
including pruritus, asthenia, and various types of edema [35].
Therefore, based on these data and the unmet medical need
for therapeutic options for TGCT, the phase Ill TANGENT study
was designed.

1.2. Objectives

The phase Il TANGENT study will assess the safety and efficacy
of 5 cycles of emactuzumab once every 2weeks, with the
possibility of retreatment in the case of progression, in
patients with TGCT.

1.3. Trial design

TANGENT is a randomized, double-blind, global, phase lli
study (NCT05417789) to investigate the efficacy and safety of
emactuzumab versus placebo in patients with TGCT. During
the 8-week treatment period, patients enrolled in this study
will receive five doses of either emactuzumab or placebo.

The TANGENT study is being conducted at multiple centers
in North America, Europe, and Asia. This study includes an
option for open-label treatment in adolescent patients
(Figure 1). Additionally, adults may receive open-label emac-
tuzumab, if indicated, after the initial six months of the study.
The approximate total duration of study participation is 2
years.

2. Methods
2.1. Participants, interventions, and outcomes

This study allows for the enrollment of both adult and adoles-
cent patients (=12 years of age), per local legislation require-
ments. Eligible patients must have measurable disease,
biopsy-confirmed local or diffuse TGCT, and be determined



2112 (&) H. GELDERBLOM ET AL.

as not amenable for surgery by the investigator and one other
qualified physician (an orthopedic surgeon or medical oncol-
ogist) not involved in this study. The key eligibility criteria for
study entry are summarized in Table 1, while the full eligibility
criteria are available in Supplemental Table S1.

Adult patients will be randomized (2:1) to receive either 1000
mg of emactuzumab or placebo administered by IV infusion over
90 minutes on day 1 of each 2 week cycle (Q2W) for 5 cycles, or
treatment for approximately 8 weeks over a 10-week treatment
phase (Figure 2). By comparing to a placebo control, the current
study intends to demonstrate that emactuzumab offers a safe
and effective treatment in patients with TGCT not amenable to
improvement with surgery, including those who have been
unsuccessfully treated with other systemic agents. The total
duration of the adult double-blind phase of the study is 2 years,
which consists of screening, treatment, and follow-up periods.
Patients who complete the first 6 months of the double-blind
trial and have disease progression (either objective progressive
disease as measured locally by noncontrast magnetic resonance
imaging [MRI] or symptomatic progression) will be eligible for
open-label emactuzumab between visit 10 (day 181) and visit 13
(day 541). Adult patients eligible for open-label emactuzumab
will receive the treatment regimen described above, and will be
followed for up to 2 years from initial randomization.

Adolescent patients who qualify for the trial and are
enrolled will receive open-label emactuzumab. Each patient
will receive 1000 mg of emactuzumab administered by IV
infusion Q2W over 90 minutes for 5 cycles, or approximately
8 treatment weeks. Follow-up will occur for 21 months after
the end of treatment or up to 18 years of age, whichever is
longer. If under the age of 18, biannual follow-up will occur
after visit 13 (day 541) until 18 years of age.

The primary objective is to assess the efficacy of emactuzumab
compared to placebo 6 months from the initiation of treatment by
objective response rate (ORR) according to RECIST v1.1 (primary
endpoint) and tumor volume score (TVS, key secondary endpoint)
based on an independent, blinded central review. Tumor volume
score is an estimation of tumor volume relative to the total size of
the affected joint or tendon that can provide a more comprehen-
sive measure of disease burden and treatment effects in diffuse
TGCT [40]. Additional key secondary endpoints are change in
healthcare professional (HCP)-reported joint mobility score by
goniometry from baseline to 6 months, and change in patient-
reported outcomes (PROs) from baseline to 6 months. Additional
secondary endpoints are shown in Table 2 and will assess safety,
tolerability, and efficacy, further characterize the pharmacokinetic
profile of emactuzumab, and estimate the effect of emactuzumab
on surgical intervention rate and clinical benefit and outcome
assessments.

2.2. Assignment of interventions

After screening for eligibility, adult patients will be centrally rando-
mized using an Interactive Web Response System in a 2:1 ratio to
receive an IV infusion of emactuzumab or placebo Q2W for 5
cycles. Randomization will be stratified by prior tyrosine kinase
inhibitor use. Study participants and all persons involved in the
conduct of the study will be blinded to treatment (which are
indistinguishable from each other) during the primary analysis
period. Unblinding prior to the primary analysis data lock can
only occur in emergencies on a case-by-case basis if specific emer-
gency treatment would be dictated by knowing the study medica-
tion status of the participant.

Screening period

Adult

double-blind phase

2:1 randomization

Placebo
treatment

Emactuzumab
treatment

Disease progression
26 months <18 months

Open-label phase
enrollment?

Emactuzumab
treatment

21-month Variable 21-month
follow-up follow-up follow-up
Double-blind Double-blind

Open-label
study completion

study completion study completion

Adolescent
open-label phase

Treatment period:

Emactuzumab
— t 5 cycles every 2 weeks
UM for 3 months
Treatment period:
5 cycles every 2 weeks
for 3 months
21-month
follow-up

Open-label
study completion

Figure 1. TANGENT Study Design. After screening for eligibility, adults will be randomized 2:1 to emactuzumab or placebo. The treatment period is 8 weeks followed
by a 21-month follow-up period. Adults who complete the first 6 months of the double-blind trial and have disease progression (either objective progressive disease
as measured locally by magnetic resonance imaging [MRI] or symptomatic progression) will be eligible for open-label emactuzumab between visit 10 (day 181) and
visit 13 (day 541). This study includes an option for open-label treatment in adolescent patients.

*There must be at least 3 months between the adult double-blind phase and enrollment in the open-label phase.
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Table 1. Key eligibility criteria.

Inclusion criteria Exclusion criteria

Biopsy-confirmed local or diffuse TGCT in which a multidisciplinary tumor board or Metastatic TGCT or TGCT currently affecting multiple joints
equivalent® determines:

Prior use of systemic therapy targeting CSF-1 or CSF-1R, any multi-TKI,

® Surgical resection is predicted to not improve or worsen clinical outcomes ’ = : b
or any investigational systemic therapy

® There is a high risk of early postoperative recurrence
® Patient presents with a significant morbidity or has other reasons for why surgery

is not recommended Clinically significant toxicity from prior therapy not resolved to

grade <1

Measurable disease: >20 mm on central read at longest diameter Active cancer requiring concurrent or planned treatment or a
history of malignancy other than TGCT®

Adequate organ and bone marrow function: hemoglobin: >10.0 g/dL; neutrophils: >1.5x10%/L; Any chemotherapy, radiotherapy,” or surgery except for dental

platelets: >100x10°/L treatment
Mean scores of =4 on NRS for worst pain and worst stiffness within 7 days prior to Current or chronic history of liver disease
randomization based on a >4 days of completed diary data®
Negative urine and serum pregnancy test Patients with autoimmune disease®
Contraception use (men and women) during and for a period after treatment ends’ Previous exposure to emactuzumab in adult patients enrolled in

the double-blind phase

Key inclusion and exclusion criteria for the study. Full eligibility criteria can be found in Supplemental Table S1.

CSF-1, colony-stimulating factor 1; CSF-1R, colony-stimulating factor 1 receptor; NRS, numerical rating scale; TGCT, tenosynovial giant cell tumor; TKI, tyrosine kinase
inhibitor.

®The multidisciplinary tumor board or equivalent must consist of at least the investigator and one other qualified physician (an orthopedic surgeon or medical
oncologist) that is not involved in the study.

BWithin 3 months of screening or 5 half-lives, whichever is longer.

“Except for when there is an expectation that the malignancy has been cured and tumor-specific treatment for the malignancy has not been administered in the last
5years.

9If applicable, patients should be on a stable analgesic regimen for pain for 2 weeks prior to randomization.

€Including but not limited to autoimmune thyroid disease, systemic lupus erythematosus, Sjogren syndrome, glomerulonephritis, multiple sclerosis, rheumatoid
arthritis, vasculitis, idiopathic pulmonary fibrosis (including bronchiolitis obliterans organizing pneumonia), and inflammatory bowel disease.

fWomen of childbearing potential must use a highly effective method of contraception throughout the treatment and for 7 months after discontinuation of
treatment. Men with partners of childbearing potential or whose partners are pregnant must use barrier contraception for the duration of dosing and for 5 months
postdosing, unless surgically sterile.

Double-blind phase
Treatment period Follow-up period

Cycle 2-5 -~ Follow-up end/
1000 mg emactuzumab or Cycle 1 (14 days Day 91 Follow-up start end of study
placebo by IV infusion over (14 days) each) Visit 7 (day 121) (day 721)
90 minutes (+15 mins) Visit 1-2 Visit 3.6 Visit 8 Visit 14

A

Open-label phase?

Eligible patients may transition Cycle 1 Cycle 2-5
to the open-label phase from (14 days) (14 days Day 91
day 181 (visit 10) to Visit 1.2 each) Visit 7

day 541 (visit 13) Visit 3-6

Figure 2. Double-Blind and Open-Label Study Interventions and Schedule of Activities in Adults. During the double-blind phase, patients will receive either 1000 mg
of emactuzumab or placebo administered by IV infusion over 90 minutes on day 1 of each 2-week cycle (Q2W) for 5 cycles. Adult patients eligible for open-label
emactuzumab will receive the same treatment regimen as in the double-blind phase, and will be followed for up to 2 years from initial randomization.

“Patients must wait at least 3 months between the double-blind and open-label treatments. Additional eligibility criteria for patients entering the open-label phase are shown in
Supplemental Table S1.

®In adults, the follow-up period is up to 2 years after randomization into the double-blind phase. Therefore, depending on the time of entry into the open-label phase, there may be
a longer or shorter follow-up period.

Abbreviations: IV, intravenous.



2114 H. GELDERBLOM ET AL.

Table 2. Study objectives and endpoints.

Primary objective and endpoint

Effect of emactuzumab on ORR 6 months from initiation of therapy in the blinded phase vs placebo
® ORR by RECIST v1.1 6 months from initiation of therapy based on independent, blinded central review

Key secondary objectives and endpoints
Effect of emactuzumab on clinical outcome assessments:

® ORR by TVS 6 months from initiation of therapy based on independent, blinded central review

® Change in PROMIS-PF TGCT from baseline to 6 months

® Change in physician/healthcare professional-reported joint mobility score by goniometry from baseline to 6 months

® Change in worst pain and worst stiffness NRS from baseline to 6 months
® Change in EQ-5D-5L VAS from baseline to 6 months

Other secondary objectives and endpoints
Effect of emactuzumab on clinical outcome assessments:
® Change in PROMIS-PF TGCT from baseline over time

® Change in the physician/healthcare professional-reported joint mobility score by goniometry from baseline over time

® Change in worst pain and worst stiffness NRS from baseline over time
® Change in EQ-5D-5L VAS from baseline over time

® Change in EQ-5D-5L 5-dimension scores from baseline over time

® Change in SF-12v2 from baseline over time

® Change in PGl-severity from baseline over time

® PGl-change over time

Effect of emactuzumab on durability of response
® DOR by RECIST v1.1 based on independent, blinded central review

Effect of emactuzumab on clinical benefit derived from antitumor activity vs placebo
® DCR per RECIST v1.1 at 6 months based on independent, blinded central review

® TTR by RECIST v1.1 based on independent, blinded central review
® TTP by RECIST v1.1 based on independent, blinded central review
® Change in TVS from baseline over time

Effect of emactuzumab on surgical intervention rate
® Surgical intervention rate®

Safety and tolerability of emactuzumab vs placebo
® AEs/deaths

Assess the health economic impact of treatment with emactuzumab
® Healthcare utilization
® Ability to work

Further characterize the pharmacokinetic profile of emactuzumab
® Serum concentrations of emactuzumab

A description of the primary and secondary objectives and endpoints for the study.

Abbreviations: AE, adverse event; DCR, disease control rate; DOR, duration of response; EQ-5D-5L, EuroQOL 5-dimension 5-level questionnaire; NRS, numerical rating
scale; ORR, overall response rate; PROMIS-PF, Patient-Reported Outcomes Measurement Information System Physical Function scale; PGI, Patient Global
Impressions; RECIST, response evaluation criteria in solid tumors; SF-12v2, Short Form 12-Item Survey version 2; TGCT, tenosynovial giant cell tumor; TTR, time
to response; TTP, time to progression; TVS, tumor volume score; VAS, visual analog scale.

?Defined as the number of patients who undergo surgery during the study for TGCT.

Discontinuation or modification of study interventions can
occur based on investigator discretion, disease progression, or
clinically relevant adverse events or lab toxicities that indicate
continuation in the study is not in the best interest of the patient.

2.3. Data collection, management, and analysis

Study assessments will be performed prior to study drug
administration, unless otherwise specified. The primary end-
point of ORR at 6 months by RECIST 1.1 will be measured by
noncontrast MRI scans with contiguous slices (<5mm) per-
formed at approximately 6weeks (visit 5) and 13 weeks
(visit 7) or at early treatment discontinuation. Subsequently,
during the follow-up period, MRI scans will be performed
every 6 weeks for up to 6 months, then every 8 weeks for up
to 1year, and then every 12 weeks until study completion.

Disease will be measured by following a target lesion, with
its longest diameter =20 mm at the diseased joint or tendon,
from baseline. Assessments will be made on the longest dia-
meter for the target lesion, and if the lesion becomes too
small to measure or disappears completely, it will be recorded
as either 5mm or 0 mm, respectively. Response to treatment
will be determined using serial radiologic longest diameter
measurements for the target lesion, and RECIST v1.1 will be
used for classification of the primary efficacy endpoint.
Observed disease response (eg, partial response [PR], com-
plete response [CR]) will be determined by the centrally adju-
dicated tumor assessment. As a secondary, clinically
meaningful measure of response to treatment, the relative
volume of the lesion at the diseased joint or tendon will be
followed from baseline using TVS by blinded central indepen-
dent radiology review, which will estimate the tumor volume
relative to that of the synovial cavity of the diseased joint or



tendon in 10% increments. Antitumor activity will be further
assessed by RECIST v1.1 for duration of response, disease
control rate, time to response, and time to progression.

Functional outcomes will be measured by the PROMIS-PF
scale, which has been validated in patients with TGCT [41].
Additional secondary endpoints will be measured by additional
clinical outcome assessments, and based on the HCP-reported
joint mobility score, worst pain and worst stiffness numerical
rating score (NRS), Short Form 12-ltem Survey version 2 (SF-
12v2), Patient Global Impressions (PGI) of Severity and Change
for Physical Functioning, Euro-Quality of Life 5-Dimension 5-
Level Questionnaire (EQ-5D-5L), and patient interviews.

Safety assessments will include general physical examina-
tion, vital signs, electrocardiogram measurements, clinical
safety laboratory tests, pregnancy tests, and antidrug antibody
testing. Adverse and serious adverse events, as well as adverse
events of special interest (AE, SAE, and AESI, respectively) will
be monitored throughout the study. AEs will be coded using
the Medical Dictionary for Regulatory Activities (MedDRA), and
the investigator will assess severity using the 1-5 scale of the
Cancer Therapy Evaluation Program (CTCAE) version 5.0.

Participant retention will be achieved by several strategies.
The sponsor has actively focused on a patient-centered
approach applied to all trial activities and interactions with
trial participants. The study staff at each site will be accessible
to participants to answer their questions and respond to any
concerns. To minimize the burden on a participant’s time,
where possible assessments conducted by different depart-
ments will be scheduled for the same visit day. Travel
expenses will be reimbursed for visits that are study-specific.
Practical guidance and suggestions for participant retention
will be discussed at the site initiation visits. For participants
who withdraw from the trial, no further information will be
collected from the date of withdrawal.

2.4. Analysis populations and missing data

Efficacy analyses will be performed in the full analysis set,
which will include all randomized patients who receive at
least one dose of study drug or placebo. The safety analyses
set will include all adults who sign informed consent and
receive at least one dose of study drug or placebo. The pri-
mary analysis will occur when patients have completed their
month 6 visit or withdrawn from the study. For secondary
analyses that include data from the whole of the double-
blind phase (ie, to month 24), patients that enter the open-
label phase will have subsequent data set to missing and
assumed to be and a penalized imputation will be used.
Data collected after the first dose of study drug in the open-
label phase will be summarized under the open-label phase
only. Patients who received at least 1 dose of open-label study
drug will be included in the open-label full analysis set and
open-label safety analysis set.

For ORR, if a participant has a missing or nonevaluable scan
at month 6, but has been classified as CR or PR in adjacent
scans prior to and after month 6, they will be classified as
a responder. Otherwise, they will be classified as
a nonresponder. Participants who withdraw from the study
or die before the 6-month visit will be classified as
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nonresponders. For other endpoints, a penalized imputation
will be used for participants who discontinue treatment and
withdraw from the study for reasons related to TGCT, with the
assumption that subsequent data would be associated with
a moderately worse change from baseline. For participants
who withdraw from the study due to a treatment-related AE,
it will be assumed that subsequent data will follow a similar
pattern to placebo and therefore a placebo trajectory imputa-
tion will be used. For all other missing data, a missing at
random (MAR) approach will be used.

2.5. Statistical analyses

Statistical comparisons for ORR, the primary endpoint, and key
secondary endpoints will occur in a hierarchical order. If the
ORR is met at the <0.025 1-sided level, then PROMIS-PF T-
scores will be tested sequentially at the <0.025 1-sided level.
The order of hierarchical testing for the additional key second-
ary endpoints will be: TVS ORR, HCP-reported joint mobility
score, worst stiffness NRS, worst pain NRS, and EuroQol visual
analogue scale (EQ-VAS). The ORR is expected to be 10% in
the placebo arm and 42% in the emactuzumab arm; therefore,
a total of 96 patients (64 emactuzumab and 32 placebo)
randomized on a 2:1 basis will provide 90% power based on
Fischer's exact test at the 1-sided 2.5% alpha level.

A 1-sided Cochran-Mantel-Haenszel (CMH) test, stratified by
prior tyrosine kinase inhibitor use (yes/no), at the 2.5% level of
significance, will be used to compare month 6 ORR between
the two treatment arms for the full analysis. A Fisher's exact
test with corresponding exact 95% confidence interval (Cl) for
the difference in proportions will be provided as a sensitivity
analysis. A logistic regression analysis for the FAS will be
performed as a sensitivity analysis. The model will include
treatment and prior tyrosine kinase inhibitor use as categorical
factors. The estimated odds ratio and difference in propor-
tions, along with their associated 2-sided 95% Cls, and the
P value will be presented.

Subgroup and sensitivity analyses may also be conducted
for ORR, the primary endpoint, and key secondary endpoints
and will be analyzed in the same way as the primary analysis.
Pharmacokinetic analyses will include geometric mean, geo-
metric coefficient of variation, and number of patients with
serum concentration of emactuzumab above the limit of
quantification. The other secondary endpoints in this study
will be analyzed as change from baseline to six months, and
change from baseline over time. Safety data will also be
summarized and descriptive statistics will be calculated for
quantitative safety data.

2.6. Monitoring

The data safety monitoring board (DSMB) consists of three
experts at minimum, including a medically qualified chair
(with expertise in the field of TGCT, where possible), an expert
medical statistician, and a second physician with pertinent
clinical and/or DSMB experience. The DMSB will meet approxi-
mately every 6 months after the first patient is dosed, and will
review the study safety listings and determine if any safety
measures or protocol modifications are required.
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2.7. Ethics and dissemination

The study was approved by the institutional review board
(First (central) IRB approval, WCG IRB; IRB tracking number,
20221064) and independent ethics committee and was con-
ducted according to the recommendations of Good Clinical
Practice, Declaration of Helsinki, the Council for International
Organizations of Medical Sciences, and any applicable laws
and regulations. All patients or their legally authorized repre-
sentatives provided written informed consent to participate in
the study.

Clinical information relating to study participants is strictly
held in trust by the site principal investigator, participating
investigators, research staff, and the sponsor and their agents.
To preserve confidentiality and reduce the risk of identification
during collection, analysis and storage of data and informa-
tion, the following will be undertaken: (1) The number of
private/confidential variables collected for each individual
has been minimized. The data collected will be limited to
that required to address the primary and secondary objectives.
(2) Participant data and samples will be identified through use
of a unique participant study number assigned to the study
participant (“reidentifiable”). The site principal investigator is
responsible for the storage of a master file of names and other
identifiable data with the participant ID; access to this docu-
ment will be restricted to members of the research team and
authorized persons as listed previously. The master file will be
stored securely, and separately, from study data in locked/
password-protected databases with passwords kept sepa-
rately. (3) Separation of the roles responsible for management
of identifiers and those responsible for analyzing content. The
data will be analyzed by members of the research team, who
will be provided with anonymized data identified only by the
unique participant study ID. To ensure confidentiality, any
data dispersed to investigators will be blinded of any identify-
ing participant information.

Participants will receive ancillary care beyond the scope of
the trial as required. Any adverse events or complications
arising from trial participation will be promptly addressed,
and necessary medical interventions will be provided at no
cost to the participants. Ancillary care will extend to managing
conditions unrelated to the trial that may arise during the
study period, ensuring the overall well-being of the partici-
pants. Posttrial care will be provided to participants for any
ongoing effects or complications related to the trial interven-
tions. Participants will have access to their routine medical
care and follow-up visits, ensuring continuity of care beyond
the trial’'s conclusion. Provisions for compensation will be in
place for participants who may suffer harm from trial partici-
pation. In the event of an adverse event directly attributable
to the study interventions, compensation will cover medical
expenses, additional treatments, and any other related costs.
The compensation process will be transparent, fair, and in
compliance with local regulations and ethical guidelines.

The results from the TANGENT trial will be submitted for
presentation at relevant congresses and published in peer-
reviewed journals. Patients are still being followed, and long-
term follow-up results will be presented in subsequent
publications.

3. Conclusion

TGCTs are rare mesenchymal neoplasms affecting joints, bur-
sae, or tendon sheaths that can result in pain, functional
impairment, and a reduced quality of life [1-3]. Surgical resec-
tion is the primary treatment for TGCT and local resection can
be curative; however, additional treatment options are needed
for patients with TGCT who are not amenable to surgery [1].
Research on the mechanisms underlying TGCT has led to the
development of therapeutic agents targeting CSF-1R signaling
as a treatment option for patients with TGCT that cannot be
managed with surgery [1,20,21]. Pexidartinib, an oral tyrosine
kinase inhibitor (TKI) inhibitor that blocks CSF-1R signaling,
was the first systemic targeted therapy approved for TGCT;
however, it is only available through a risk mitigation strategy
(REMS program) in the US due to potential for hepatotoxicity,
which precluded approval in the EU [23,27,28]. Subsequently,
additional oral TKI inhibitors have been approved for the
treatment of TGCT in some countries, offering additional treat-
ment options for TGCT [24,26,29,30]. Future TGCT treatments,
including novel targeted CSF-1R therapies, have the potential
to further shift the treatment landscape from dependence on
surgery or chronic treatments to systemic approaches that
offer clinically meaningful tumor reduction, pain relief, and
functional gains, with manageable toxicity, shortened treat-
ment duration, and reduced tumor recurrence in patients with
TGCT.

Emactuzumab is a novel, IV-administered, monoclonal
immunoglobulin G1 antibody against the CSF-1R, with
a unigue mechanism of action (blocking the receptor dimer-
ization interface) and a short treatment duration, with the
potential to offer durable benefit without the challenges asso-
ciated with chronic oral therapies [31,32,35].

The TANGENT trial will evaluate the safety and efficacy of
emactuzumab in adult and adolescent patients with TGCT. The
trial design is consistent with prior trials for targeted CSF-1R
therapies in patients with TGCT (ie, ENLIVEN, MOTION, and
MANEUVER), including similar design, study population, and
primary and secondary endpoints. TANGENT is a double-blind
placebo-controlled phase Il study with a study population
comprised of patients with TGCT not amenable to surgery.
The primary objective of TANGENT was ORR at six months, as
measured by RECIST v1.1 (primary endpoint) and tumor
volume score (TVS) (key secondary). Additional key secondary
endpoints included clinically functional endpoints to evaluate
the effect of emactuzumab on range of motion, pain, stiffness,
and functional outcomes (PROMIS PF) [28-30,42]. Differences
between TANGENT and prior trials for targeted CSF-1R thera-
pies in patients with TGCT include earlier MRI assessment in
TANGENT (first postbaseline assessment at 6 weeks vs 13
weeks) and exclusion of patients with prior TKI treatment in
TANGENT.

The TANGENT study introduces a distinctive treatment
paradigm for TGCT, and is the only study evaluating a short-
course, intravenous CSF-1R antibody, rather than continuous
oral inhibition. PROs will also be prospectively assessed after
treatment, which are relevant for treatment decisions [43]. If
sustained tumor control, functional improvement, and mean-
ingful patient-reported benefit can be demonstrated after



completing a treatment course, emactuzumab could represent
a shift toward a time-limited, disease-modifying therapeutic
option to help reduce hospital visits, lower economic costs,
and potentially improve patients’ quality of life.
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