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ORIGINAL ARTICLE

Nirogacestat, a y-Secretase Inhibitor
for Desmoid Tumors

M. Gounder, R. Ratan, T. Alcindor, P. Schoffski, W.T. van der Graaf, B.A. Wilky,
R.F. Riedel, A. Lim, L.M. Smith, S. Moody, S. Attia, S. Chawla, G. D’Amato,
N. Federman, P. Merriam, B.A. Van Tine, B. Vincenzi, C. Benson, N.Q. Bui,
R. Chugh, G. Tinoco, J. Charlson, P. Dileo, L. Hartner, L. Lapeire, F. Mazzeo,

E. Palmerini, P. Reichardt, S. Stacchiotti, H.H. Bailey, M.A. Burgess, G.M. Cote,

L.E. Davis, H. Deshpande, H. Gelderblom, G. Grignani, E. Loggers, T. Philip,
J.G. Pressey, S. Kummar, and B. Kasper

ABSTRACT

BACKGROUND
Desmoid tumors are rare, locally aggressive, highly recurrent soft-tissue tumors
without approved treatments.

METHODS

We conducted a phase 3, international, double-blind, randomized, placebo-con-
trolled trial of nirogacestat in adults with progressing desmoid tumors according
to the Response Evaluation Criteria in Solid Tumors, version 1.1. Patients were as-
signed in a 1:1 ratio to receive the oral y-secretase inhibitor nirogacestat (150 mg)
or placebo twice daily. The primary end point was progression-free survival.

RESULTS
From May 2019 through August 2020, a total of 70 patients were assigned to re-
ceive nirogacestat and 72 to receive placebo. Nirogacestat had a significant pro-
gression-free survival benefit over placebo (hazard ratio for disease progression or
death, 0.29; 95% confidence interval, 0.15 to 0.55; P<0.001); the likelihood of
being event-free at 2 years was 76% with nirogacestat and 44% with placebo.
Between-group differences in progression-free survival were consistent across
prespecified subgroups. The percentage of patients who had an objective response
was significantly higher with nirogacestat than with placebo (41% vs. 8%;
P<0.001), with a median time to response of 5.6 months and 11.1 months, respec-
tively; the percentage of patients with a complete response was 7% and 0%, re-
spectively. Significant between-group differences in secondary patient-reported
outcomes, including pain, symptom burden, physical or role functioning, and
health-related quality of life, were observed (P<0.01). Frequent adverse events with
nirogacestat included diarrhea (in 84% of the patients), nausea (in 54%), fatigue
(in 51%), hypophosphatemia (in 42%), and maculopapular rash (in 32%); 95% of
adverse events were of grade 1 or 2. Among women of childbearing potential re-
ceiving nirogacestat, 27 of 36 (75%) had adverse events consistent with ovarian
dysfunction, which resolved in 20 women (74%).

CONCLUSIONS
Nirogacestat was associated with significant benefits with respect to progression-
free survival, objective response, pain, symptom burden, physical functioning, role
functioning, and health-related quality of life in adults with progressing desmoid
tumors. Adverse events with nirogacestat were frequent but mostly low grade.
(Funded by SpringWorks Therapeutics; DeFi ClinicalTrials.gov number, NCT03785964.)
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ESMOID TUMORS, OR AGGRESSIVE FI-
bromatosis, are rare, soft-tissue tumors
that are diagnosed in approximately 3 to
5 persons per million annually. Although they
are not metastatic, desmoid tumors are locally
aggressive and invasive, leading to substantial
illness but rarely death.®* Compression of vital
structures by desmoid tumors can result in se-
vere pain, functional impairment, nerve dam-
age, and bowel obstruction or perforation."** In
addition, desmoid tumor—specific symptoms can
negatively affect school, work, and psychosocial
functioning.’ Pain is associated with disease pro-
gression and can lead to opioid dependence or
suboptimal pain management owing to concerns
about the development of opioid dependence.®’
Management of desmoid tumors is challeng-
ing because of their variable presentation and
unpredictable disease course, with spontaneous
regression seen in up to 20 to 30% of patients
over time.’!? Currently, no therapies are ap-
proved, and existing management guidelines
vary depending on tumor location, symptoms,
and disease progression. Treatment approaches
can incorporate periods of active surveillance, as
well as interventions including surgery, cyto-
toxic chemotherapy, tyrosine kinase inhibitors,
local ablation, or radiation therapy.!** Surgery,
which used to be the mainstay of treatment, has
become less frequent owing to high morbidity
and postsurgical recurrence rates of up to 50
to 880/0'12,16,17
Desmoid tumors are typically characterized
by genetic mutations in the Wnt-adenomatous
polyposis coli—B-catenin pathway (CTNNBI [ap-
proximately 90%; primarily in sporadic-type
desmoid tumors] and APC [approximately 10%;
seen in desmoid tumors associated with familial
adenomatous polyposis or Gardner’s syndrome]),
which are thought to contribute to the onco-
genic growth of these tumors.!*®*® Along with
overexpression of B-catenin, desmoid tumors
highly express Notchl, with cross-talk between
these pathways putatively contributing to prolif-
eration of desmoid tumors.’* Overactivation of
the Notch pathway in desmoid tumors may be
regulated by vy-secretase inhibitors, because
these drugs block Notch signaling through se-
lective inhibition of y-secretase—-mediated cleav-
age of Notch receptors.’®?>?* Nonclinical studies
have shown that vy-secretase inhibition prevents
release of the Notch intracellular domain, which

N ENGL ) MED 388,10

blocks Notch pathway signaling and cell growth.?
The mechanism of action of nirogacestat — an
investigational, oral, small-molecule, selective
y-secretase inhibitor — in desmoid tumors is
not yet fully elucidated. In phase 1 and 2 trials,
nirogacestat showed antitumor activity in pa-
tients with desmoid tumors; patient-reported
pain palliation was also observed.?**® Here, we
describe the efficacy and safety of nirogacestat
in a phase 3, randomized, placebo-controlled
trial involving patients with progressing des-
moid tumors.

METHODS

TRIAL DESIGN AND PATIENTS

The DeFi (Desmoid Fibromatosis) trial was a
phase 3, international, double-blind, random-
ized, placebo-controlled trial to determine the
efficacy and safety of nirogacestat in patients 18
years of age or older with a histologically con-
firmed diagnosis of progressing desmoid tu-
mors (defined as >20% progression according to
the Response Evaluation Criteria in Solid Tu-
mors [RECIST], version 1.1, within 12 months
before screening). Eligible patients either had
not received previous treatment for progressing
desmoid tumors that were not amenable to sur-
gery or had refractory or recurrent desmoid tu-
mors after at least one line of therapy.

Patients were stratified according to the loca-
tion of the target tumor (i.e., intraabdominal
[including the mesentery and pelvis] or extra-
abdominal [including the head or neck, paraspi-
nal regions, arms or legs, abdominal wall, and
chest wall]) and were randomly assigned in a 1:1
ratio to receive oral nirogacestat (150 mg) or
placebo twice daily, taken continuously in 28-day
cycles. Patients with multiple target tumors
located in both intraabdominal and extraab-
dominal locations were classified as having in-
traabdominal tumors.

Patients continued to receive nirogacestat or
placebo until one of the following events or cir-
cumstances occurred, as defined by the trial
protocol (available with the full text of this
article at NEJM.org): death, trial completion,
imaging-based or investigator-determined clini-
cal progression (as defined below), an intolera-
ble adverse event, circumstances that prevented
the patient from adhering to the trial protocol,
or patient or investigator request for discontinu-
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ation. Dose reduction to 100 mg twice daily was
mandated by the protocol for the management
of selected, persistent adverse events of grade 3
or higher (diarrhea, nausea, vomiting, skin toxic
effects, hypophosphatemia, and hematologic or
nonhematologic toxic effects) and was optional
for grade 2 ovarian dysfunction.

After imaging-based progression or comple-
tion of the primary analysis, the trial-group as-
signment was revealed to the patient. If eligible,
patients were given the option to enroll in an
open-label extension phase.

TRIAL OVERSIGHT

This trial was conducted in accordance with
ethical principles derived from the Declaration
of Helsinki and all applicable laws, regulations,
and scientific guidelines. All the patients pro-
vided written informed consent before enroll-
ment. An independent data monitoring commit-
tee monitored the unblinded safety data and
benefit-risk profile. Details on trial design, over-
sight, data collection, analysis, and manuscript
preparation are included in the Supplementary
Appendix, available at NEJM.org. The authors
vouch for the completeness and accuracy of the
data and for the adherence of the trial to the
protocol. The trial sponsor paid for medical
writing and editorial assistance with an earlier
version of the manuscript.

END POINTS AND ASSESSMENTS

The primary end point was progression-free sur-
vival, defined as the time from randomization
until the date of imaging-based or clinical pro-
gression or death. Imaging-based progression
was determined according to RECIST, version
1.1, for target tumors identified by the investiga-
tor at screening. Magnetic resonance imaging or
computed tomographic scans were obtained at
screening, cycle 4, and every three cycles there-
after. Investigator-determined clinical progres-
sion was defined as the onset or worsening of
symptoms resulting in a global deterioration of
health status, which led to the permanent dis-
continuation of nirogacestat or placebo and the
initiation of other treatment for desmoid tu-
mors. Both imaging-based and clinical progres-
sion were confirmed by blinded independent
central review. The median time to progression

or response and progression-free survival in pre-
specified subgroups were also assessed (see the
Supplementary Appendix).

Prespecified secondary efficacy end points
were confirmed objective response (defined as
complete response or partial response according
to RECIST, version 1.1) and the change from
baseline at cycle 10 in the following patient-
reported outcomes: the Brief Pain Inventory—
Short Form (BPI-SF) average worst pain intensity
score, the Gounder-Desmoid Tumor Research
Foundation Desmoid Symptom/Impact Scale
(GODDESS)? Desmoid Tumor Symptom Scale
(DTSS) total symptom score, the GODDESS Des-
moid Tumor Impact Scale (DTIS) physical func-
tioning domain score, and scores on the Euro-
pean Organisation for Research and Treatment
of Cancer Quality of Life Questionnaire—Core 30
(EORTC QLQ-C30) scales for global health status—
quality of life, physical functioning, and role
functioning (Fig. S1 in the Supplementary Ap-
pendix). Cycle 10 was selected as the predefined
time point for assessment of patient-reported
outcomes to allow adequate time for a treatment
response to be observed. Patients completed at-
home questionnaires for patient-reported out-
comes using an electronic device at prespecified
time points (see the Supplementary Appendix).

Adverse events that emerged or worsened
from the time of the first dose of nirogacestat
or placebo through 30 days after the last dose
were reported and coded according to the Medi-
cal Dictionary for Regulatory Activities (MedDRA),
version 24.0. The severity of adverse events was
classified according to the Common Terminol-
ogy Criteria for Adverse Events, version 5.0.
Clinical laboratory tests, including measure-
ment of levels of reproductive hormones, were
routinely performed (see the Supplementary
Appendix).

STATISTICAL ANALYSIS

We determined that approximately 51 events of
disease progression or death would provide the
trial with 90% power to detect a hazard ratio of
0.4, at a one-sided alpha level of 0.025 (as speci-
fied in the protocol), for nirogacestat relative to
placebo in the intention-to-treat population.
Progression-free survival was summarized by
means of the Kaplan—Meier method, with the
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hazard ratio and 95% confidence interval esti-
mated with the use of a Cox proportional-haz-
ards model controlling for the stratification
factor of location of the target tumor. The same
method was used to assess the consistency of
the between-group difference in progression-
free survival among 28 prespecified desmoid
tumor—specific patient characteristics. Results
that are most relevant to the population of pa-
tients with desmoid tumors are presented.

The secondary efficacy end points were
tested hierarchically in the intention-to-treat
population in the following order: objective
response, BPI-SF average worst pain intensity
score, GODDESS DTSS total symptom score,
GODDESS DTIS physical functioning domain
score, EORTC QLQ-C30 global health status—
quality of life score, EORTC QLQ-C30 physical
functioning score, and EORTC QLQ-C30 role
functioning score. The percentage of patients
with an objective response was compared be-
tween trial groups with the use of the Cochran—
Mantel-Haenszel test, with stratification accord-
ing to tumor location. Time to first response
(not part of the testing hierarchy) was summa-
rized with the use of the Kaplan—Meier method.
The change in patient-reported outcomes from
baseline to cycle 10 was analyzed with the use of
a restricted maximum likelihood-based repeated-
measures approach and included data from all
scheduled time points through cycle 10, for
which at least 10 patients in each trial group had
nonmissing data. This model included trial
group, time point, and trial group by time point
as fixed-effect categorical factors and the base-
line score for the patient-reported outcomes and
the stratification factor as fixed-effect covari-
ates. Differences in patient-reported outcomes
between the two groups were calculated as esti-
mates of least-squares mean change. According
to Journal guidelines, P values were recalculated
ad hoc and reported as two-sided P values with
an alpha level of 0.05 for all primary and sec-
ondary efficacy end points.

Descriptive analyses of safety included all the
patients who received at least one dose of niro-
gacestat or placebo. Adverse events were report-
ed up to the data-cutoff date for the primary
analysis, with additional follow-up performed to
assess for adverse events of ovarian dysfunction.

RESULTS

BASELINE CHARACTERISTICS

From May 2019 through August 2020, a total of
142 patients underwent randomization (with 70
assigned to the nirogacestat group and 72 to the
placebo group) across 37 sites in the United
States, Canada, and Europe (Fig. S2). Baseline
characteristics were generally similar across trial
groups and representative of the population of
patients with desmoid tumors (Table 1 and Table
S1). The median age of the patients was 34.0
years (range, 18 to 706). A total of 37 patients in
each group were women of childbearing poten-
tial (53% of the patients in the nirogacestat
group and 51% of those in the placebo group),
as determined by the investigator to be women
between menarche and confirmed menopause
(i.e., 12 months since last menstruation) with
intact ovarian function. A high proportion of
patients with multifocal disease were enrolled
(27 [39%] in the nirogacestat group and 31
[43%] in the placebo group). Overall, 110 pa-
tients (77%) had received previous systemic
therapies or radiation therapy or had undergone
surgery.

EFFICACY

As of the data-cutoff date (April 7, 2022), the
overall median follow-up for progression-free
survival was 15.9 months. A total of 49 events of
disease progression or death were observed (12
in the nirogacestat group and 37 in the placebo
group). Observed events were imaging-based
progression (in 11 patients in the nirogacestat
group and 30 in the placebo group), qualified
clinical progression (in 1 and 6, respectively),
and death (in 0 and 1, respectively). The risk of
disease progression or death was 71% lower in
the nirogacestat group than in the placebo
group (hazard ratio, 0.29; 95% confidence inter-
val [CI], 0.15 to 0.55; P<0.001) (Fig. 1A). The
Kaplan—-Meier estimated median progression-
free survival could not be estimated in the niro-
gacestat group as a result of the low number of
events and was 15.1 months (95% CI, 8.4 to not
estimable) in the placebo group. The likelihood
of being event-free at 1 year was 85% (95% ClI,
73 to 92) with nirogacestat and 53% (95% CI, 40
to 64) with placebo. The likelihood of being
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Table 1. Baseline Characteristics in the Intention-to-Treat Population.*

Nirogacestat

Characteristic (N=70)
Median age (range) — yr 33.5 (18-73)
Sex —no. (%)
Female 45 (64)
Women of childbearing potentialf 37 (53)
Male 25 (36)
Race — no. (%)
White 64 (91)
Black 4 (6)
Asian 1(1)
Other 1(1)
Ethnic group — no. (%)
Non-Hispanic or Latino 67 (96)
Hispanic or Latino 1(1)
Unknown 2 (3)
Geographic region — no. (%)
United States or Canada 44 (63)
Europe 26 (37)
Target-tumor location — no. (%)
Intraabdominal 17 (24)
Extraabdominal 53 (76)
Focal category — no. (%)
Single 43 (61)
Multifocal 27 (39)
Median target-tumor size according to RECIST (IQR) — mm 91.6 (64.7-134.1)
Family history of FAP — no. (%) 11 (16)
Somatic mutation — no. (%)§ 52 (74)
APC 11 (16)
CTNNBI 43 (61)
No identified mutation 0
Not analyzed 18 (26)
Treatment status — no. (%)
No previous treatment 18 (26)
Refractory or recurrent disease after previous treatment 52 (74)
Median no. of lines of previous therapy (range) 2 (0-14)
Previous therapies — no. (%)
Any previous therapy 52 (74)
Surgery 31 (44)
Radiation therapy 16 (23)
Systemic therapy 43 (61)
Chemotherapy 24 (34)
Tyrosine kinase inhibitor 23 (33)
Sorafenib 17 (24)

Placebo
(N=72)

34.5 (18-76)

47 (65)
37 (51)
25 (35)

18 (25)
54 (75)

41 (57)
31 (43)
115.70 (73.5-161.7)
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Table 1. (Continued.)

Characteristic

ECOG performance-status score — no. (%)
0
1
2

Uncontrolled pain — no. (%)9

Nirogacestat Placebo
(N=70) (N=72)
51 (73) 52 (72)
18 (26) 20 (28)

1(1) 0
27 (39) 31 (43)

* Percentages may not total 100 because of rounding. ECOG denotes Eastern Cooperative Oncology Group, FAP familial
adenomatous polyposis, IQR interquartile range, and RECIST Response Evaluation Criteria in Solid Tumors.

" Women of childbearing potential were defined in the trial protocol as women between menarche and confirmed meno-

pause (i.e., 12 months since last menstruation) with intact ovarian function. The determination of whether trial patients
met this definition was based on the investigator’s judgment.

: Race and ethnic group were reported by the patients.

§ Samples that could be evaluated were not available for all the patients.
9§ Uncontrolled pain was defined as a Brief Pain Inventory-Short Form average worst pain intensity score of more than 4
(range, 0 to 10, with higher scores indicating worse pain). Scores were calculated as the average of the daily scores for

worst pain during the 7-day period before the baseline visit.

event-free at 2 years was 76% (95% CI, 61 to 87)
with nirogacestat and 44% (95% CI, 32 to 56)
with placebo. In subgroup analyses of progres-
sion-free survival, results were generally consis-
tent across subgroups defined according to sex,
tumor location, focality, treatment status, pre-
vious treatments, genetic mutation status, and
history of familial adenomatous polyposis
(Fig. 1B).

The percentage of patients with a confirmed
objective response was 41% in the nirogacestat
group and 8% in the placebo group (P<0.001).
Complete responses were observed in 7% of the
patients in the nirogacestat group and no pa-
tients in the placebo group (Fig. 2A and 2B and
Table S2). The median time to a confirmed first
response was 5.6 months with nirogacestat and
11.1 months with placebo. The median best per-
cent change in target-tumor size was —27.1%
(range, —100 to 37) in the nirogacestat group
and 2.3% (range, —100 to 47) in the placebo
group. At the time of the analysis, 28 of 29 pa-
tients (97%) who had had a response in the
nirogacestat group and 5 of 6 patients (83%)
who had had a response in the placebo group
were still having a response (Fig. 2C and 2D and
Fig. S3).

PATIENT-REPORTED OUTCOMES

At cycle 10, nirogacestat showed significant and
clinically meaningful benefits over placebo with
respect to pain, disease-specific symptom sever-
ity, and disease-specific physical functioning (as

measured by the BPI-SF average worst pain inten-
sity score [P<0.001], the GODDESS DTSS total
symptom score [P<0.001], and the GODDESS
DTIS physical functioning domain score
[P<0.001]) (Fig. 3A, 3B, and 3C); physical and
role functioning (as measured by the EORTC
QLQ-C30 physical functioning score [P<0.001]
and role functioning score [P<0.001]) (Fig. 3D
and 3E); and overall health-related quality of life
(as measured by the EORTC QLQ-C30 global
health status—quality of life score [P<0.01])
(Fig. 3F). Between-group differences in most
patient-reported outcomes emerged early (i.e., at
cycle 2, the first post-treatment time point evalu-
ated) and were sustained throughout the trial.

EXPOSURE, SAFETY, AND ADVERSE EVENTS

A total of 141 patients received at least one dose
of nirogacestat or placebo and were included in
the safety assessment (69 in the nirogacestat
group and 72 in the placebo group). The median
duration of exposure was 20.6 months (range,
0.3 to 33.6) among the patients receiving niro-
gacestat and 11.4 months (range, 0.2 to 32.5)
among those receiving placebo. The median
relative dose intensity was 96% for nirogacestat
and 100% for placebo.

The first onset of the majority of adverse
events occurred within the first cycle; 95% were
of grade 1 or 2. Adverse events affecting at least
20% of the patients who received nirogacestat
were diarrhea, nausea, fatigue, hypophosphate-
mia, maculopapular rash, stomatitis, headache,
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A Progression-free Survival

previous treatment

100~
90+ Median
w804 Nirogacestat Progression-
Ea 70 No.of  No.of free Survival
w© Patients  Events (95% ClI)
o 60
S 50- mo
% Placebo Nirogacestat 70 12 NE (NE-NE)
£ 407 Placebo 72 37 15.1 (8.4-NE)
S 30
] Hazard ratio for disease progression
& 204 or death, 0.29 (95% Cl, 0.15-0.55)
104 P<0.001
0 T T T T T T T T T T T T T T T 1
0 2 4 6 8 10 12 14 16 18 20 22 24 26 28 30 32
Months
No. at Risk
Nirogacestat 70 63 56 52 52 47 46 44 44 41 26 26 17 12 4 4 0
Placebo 72 67 58 47 45 40 32 29 27 25 10 8 6 5 1 1 0
B Subgroup Analysis
Subgroup Nirogacestat Placebo Hazard Ratio for Disease Progression or Death (95% Cl)
no. of events/no. of patients
Sex E
Male 4/25 11/25 o ! 0.26 (0.08-0.82)
Female 8/45 26/47 — 0.30 (0.14-0.67)
Target-tumor location H
Intraabdominal 2/17 11/18 * E 0.17 (0.04-0.76)
Extraabdominal 10/53 26/54 — 0.34 (0.16-0.70)
Family history of FAP E
Yes 2/11 8/13 o . 0.24 (0.05-1.18)
No 10/59 29/59 — e 0.30 (0.15-0.63)
APC mutation \
Yes 2/11 8/11 o 0.20 (0.04-1.00)
CTNNBI mutation H
Yes 6/43 21/42 —_—— 0.28 (0.11-0.70)
Focality '
Single 6/43 19/41 —— 0.29 (0.11-0.72)
Multifocal 6/27 18/31 — 0.30 (0.12-0.77)
Previous surgery E
Yes 5/31 23/44 — 0.31 (0.11-0.81)
No 7/39 14/28 —_—— 0.33 (0.13-0.83)
Previous chemotherapy H
Yes 5/24 17/27 —_— 0.24 (0.09-0.69)
No 7/46 20/45 — 032 (0.13-0.76)
Previous TKI treatment E
Yes 4/23 16/24 > ! 0.15 (0.05-0.45)
No 8/47 21/48 —— 0.38 (0.17-0.87)
Treatment status '
No previous treatment 3/18 5/14 g : 0.77 (0.18-3.23)
Refractory or recurrent disease after 9/52 32/58 —_————— H 0.30 (0.14-0.63)
T

Nirogacestat Better Placebo Better

dermatitis acneiform, and vomiting (Table 2). was premature menopause (in 3 patients) (Table
The only serious adverse event that occurred in S3). Dose reductions due to adverse events were
more than 1 patient in the nirogacestat group more frequently reported among patients receiv-
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Figure 1 (facing page). Progression-free Survival
and Subgroup Analysis.

Panel A shows Kaplan—Meier estimates of progression-
free survival. Progression was determined through
blinded, independent, central review and included im-
aging-based progression according to Response Eval-
uation Criteria in Solid Tumors (RECIST), version 1.1,
and clinical progression. Panel B shows a forest plot
of progression-free survival in prespecified subgroups.
FAP denotes familial adenomatous polyposis, NE not
estimable, and TKI tyrosine kinase inhibitor.

ing nirogacestat (42%) than among those receiv-
ing placebo (0%) and were attributed primarily
to diarrhea, stomatitis, maculopapular rash, hypo-
phosphatemia, hidradenitis, ovarian failure, and
folliculitis. Adverse events led to discontinuation
of the trial regimen in 14 patients (20%) in the
nirogacestat group and 1 patient (1%) in the
placebo group. The most frequent adverse events
resulting in discontinuation of nirogacestat in-
cluded diarrhea (in 4 patients), ovarian dysfunc-
tion (in 4), and an increased level of alanine
aminotransferase (in 3).

Adverse events that were frequently managed
by medical intervention included diarrhea, hypo-
phosphatemia, hypokalemia, and skin events. Di-
arrhea events (of which 90% were grade 1 or 2)
were most frequently managed with dose modi-
fications, dose interruptions, and antidiarrheal
agents. Hypophosphatemia and hypokalemia were
primarily managed with supplementation. Skin
events with nirogacestat included noninfectious
events, such as maculopapular rash (in 22 pa-
tients [32%]) and hidradenitis (in 6 patients
[9%]), and infectious events, including folliculi-
tis (in 9 patients [13%]). No patients in the pla-
cebo group had folliculitis or hidradenitis. Skin
disorders were most frequently managed with
dose modifications, topical glucocorticoids, and
antibiotics.

Ovarian dysfunction (defined by the MedDRA
preferred terms of amenorrhea, premature meno-
pause, menopause, and ovarian failure) occurred
in 27 of 36 women of childbearing potential
(75%) receiving nirogacestat and in 0 of 37 re-
ceiving placebo. The median time to first onset
of ovarian dysfunction was 8.9 weeks, and the
median duration across ovarian dysfunction
events was 19.1 weeks. According to the investi-
gators, 20 of 27 women of childbearing poten-

tial (74%) who had ovarian dysfunction events
had event resolution on the basis of their assess-
ment of symptoms, reproductive hormone val-
ues, or both (9 patients while receiving nirogace-
stat and 11 after stopping nirogacestat for any
reason) as of the extended follow-up date of July
20, 2022. Ovarian dysfunction was unresolved in
5 of 27 women of childbearing potential (19%),
all of whom continued to receive nirogacestat.
Follow-up information after discontinuation of
nirogacestat was not available for 2 of 27 women
(7%) of childbearing potential with ovarian dys-
function. No meaningful changes in male hor-
monal levels or adverse events pertaining to
male reproductive potential were observed.

DISCUSSION

Inhibitors of y-secretase, initially developed for
Alzheimer’s disease and later investigated as a
treatment for cancer, have yet to be used in
clinical practice.?>?? DeFi was a phase 3 random-
ized, controlled trial of nirogacestat, a y-secretase
inhibitor, in patients with desmoid tumors. In
the trial, nirogacestat showed rapid and sus-
tained improvements with respect to all primary
and secondary efficacy end points. Nirogacestat
treatment resulted in a 71% lower risk of disease
progression or death than placebo according to
blinded central review, with 41% of patients
having a confirmed objective response and 7%
having a complete response. Although long-
term treatment with nirogacestat was shown to
be feasible (median treatment duration, 20.6
months), the appropriate treatment duration is
unknown.

Although multiple therapies have shown ac-
tivity in desmoid tumors, there is no accepted
standard of care; even patients with progressing
disease often have a period of active surveillance
before the initiation of treatment.”® In a phase 3
trial of sorafenib involving adults with desmoid
tumors, progression-free survival was signifi-
cantly longer with sorafenib than with placebo
(P<0.001); however, 20% of the participants in
the placebo group had an objective response, a
finding that highlights the need for a placebo
control in this population.” Although sorafenib
showed robust activity in desmoid tumors, it is
not approved for this indication, and given the
well-known safety profile of tyrosine kinase
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Figure 2 (facing page). Change in Tumor Size and Best
Overall Response.

Panels A and B show waterfall plots of the best percent
change at any time point from baseline in target-tumor
size per patient according to RECIST, version 1.1,
through blinded independent central review in each
trial group. Values for best percent change were aver-
aged between the two independent reviewers unless

a reader was selected for adjudication, in which case
only the adjudicated value is presented. Panels C and
D show swimmer plots of duration of exposure and re-
sponse status in each trial group. Colors indicate the
best overall response according to RECIST, version 1.1,
through blinded independent central review.

inhibitors,*32? an effective therapy with an alter-
native safety profile remains a substantial un-
met need.

Desmoid tumors are associated with low
mortality but high morbidity."*!* Given that the
median age of patients with desmoid tumors is
between 30 and 40 years,* the clinical oppor-
tunity for improving long-term health-related
quality of life in this population is substantial.
Owing to the selection of an actively progressing
patient population, the baseline prevalence of
characteristics associated with a difficult-to-
treat population was higher among patients who
were enrolled in our trial than among those
enrolled in other clinical trials involving patients
with desmoid tumors.??*3* These characteristics
included recurrent or refractory desmoid tumors
after previous treatment (77%), multifocal tu-
mors (41%), and uncontrolled pain (41%). De-
spite these characteristics, nirogacestat showed
significant and clinically meaningful antitumor
activity, reduced pain and symptom burden, and
improved physical functioning, role functioning,
and health-related quality of life in all key patient-
reported outcomes evaluated.

Improvements in patient-reported outcomes
were observed early and were sustained over
time. The improvements seen in the desmoid
tumor—specific GODDESS assessment were cot-
roborated by two well-established general in-
struments (i.e., BPI-SF and EORTC QLQ-C30).
Because global health status and health-related
quality of life may be influenced by factors out-
side of disease symptoms, variability can be ex-
pected from these general scales as compared
with those specific to desmoid tumor symptoms
and functioning. Regardless, nirogacestat showed
significant improvements in terms of the broad

global health status and health-related quality of
life subscale as compared with placebo.

The safety profile of nirogacestat was gener-
ally consistent with +y-secretase inhibition.?*3¢
Frequently reported adverse events with niro-
gacestat were diarrhea, nausea, fatigue, hypo-
phosphatemia, maculopapular rash, stomatitis,
headache, dermatitis acneiform, vomiting, and
ovarian dysfunction (among women of child-
bearing potential), with 95% of all adverse events
being of grade 1 or 2.

On the basis of preclinical data, the ovarian
dysfunction associated with nirogacestat may be
due to the disruption of Notch signaling re-
quired for ovarian follicular cycling.¥” The Notch
pathway is critical for the development of ovar-
ian follicles and the granulosa cell layer. Com-
ponents of the Notch pathway are abundantly
expressed in preantral follicles, and inhibition of
this pathway may disrupt follicle development.’”
Ovarian dysfunction may produce clinical mani-
festations including irregular menses, amenor-
rhea, or vasomotor symptoms (e.g., hot flashes
and night sweats).?® Laboratory findings may
include increased levels of follicle-stimulating
hormone or luteinizing hormone and decreased
levels of estradiol or anti-Miillerian hormone.

Amenorrhea was a safety signal identified in
our trial, given the large proportion of women of
childbearing potential enrolled. Therefore, mon-
itoring of reproductive hormones was added for
all the patients, which enabled a more compre-
hensive characterization of these events. Previ-
ous studies of 7y-secretase inhibitors may not
have identified this signal owing to the enroll-
ment of older participants.*** Our findings
highlight the importance of prospectively evalu-
ating reproductive function in clinical studies
involving women of childbearing potential. Res-
olution of ovarian dysfunction occurred in the
majority of women of childbearing potential
who continued nirogacestat treatment (9 of 14
[64%]) and all who stopped receiving nirogaces-
tat for any reason (excluding 2 women of child-
bearing potential for whom follow-up data were
not available). Further evaluation of ovarian
dysfunction in patients who transitioned to the
DeFi open-label extension is ongoing. In addi-
tion, nirogacestat is being further evaluated in
children with desmoid tumors (ClinicalTrials
.gov number, NCT04195399), in patients with
ovarian granulosa-cell tumors (NCT05348356),
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Figure 3 (facing page). Patient-Reported Outcomes.

Shown are least-squares (LS) mean changes from baseline over time in patient-reported outcomes; the vertical bars indicate 95% confi-
dence intervals. Brief Pain Inventory—Short Form (BPI-SF) average worst pain intensity scores (Panel A) range from 0 to 10, with higher
scores indicating worse pain; scores represent a 7-day average of daily scores for worst pain. Gounder-Desmoid Tumor Research Foun-
dation Desmoid Symptom/Impact Scale (GODDESS) Desmoid Tumor Symptom Scale (DTSS) total symptom scores (Panel B) range
from 0 to 10, with higher scores indicating a more severe symptom burden. GODDESS Desmoid Tumor Impact Scale (DTIS) physical
functioning domain scores (Panel C) range from 0 to 4, with higher scores indicating worse functioning. European Organisation for Re-
search and Treatment of Cancer Quality of Life Questionnaire—Core 30 (EORTC QLQ-C30) physical functioning scores (Panel D), role
functioning scores (Panel E), and global health status—quality of life scores (Panel F) range from 0 to 100, with higher scores indicating
better functioning or better quality of life. Mean (+SD) scores at baseline were as follows: BPI-SF average worst pain intensity score,
3.2+3.3 in the nirogacestat group and 3.3+3.3 in the placebo group; GODDESS DTSS total symptom score, 3.4+2.3 and 3.5+2.6, respec-
tively; GODDESS DTIS physical functioning domain score, 2.8+1.1 and 2.7+1.2, respectively; EORTC QLQ-C30 physical functioning
score, 77.5+22.4 and 77.1+22.0, respectively; EORTC QLQ-C30 role functioning score, 65.2+32.7 and 65.7+30.2, respectively; and EORTC
QLQ-C30 global health status—quality of life score, 60.0+24.5 and 63.3+20.7, respectively. C denotes cycle.

Table 2. Adverse Events in the Safety Population.*
Nirogacestat Placebo
Category (N=69) (N=72)
Adverse event, any grade — no. (%) 69 (100) 69 (96)
Advert event, grade =3 — no. (%) 38 (55) 12 (17)
Adverse event leading to early discontinuation of nirogacestat or placebo, any 14 (20) 1(1)
grade — no. (%)
Adverse event leading to death — no. (%) 0 1 ()7
Adverse events reported in =15% of patients in either group, any grade — no. (%)
Diarrhea 58 (84) 25 (35)
Nausea 37 (54) 28 (39)
Fatigue 35 (51) 26 (36)
Hypophosphatemia 29 (42) 5(7)
Maculopapular rash 22 (32) 4 (6)
Stomatitis 20 (29) 3 (4)
Headache 20 (29) 11 (15)
Dermatitis acneiform 15 (22) 0
Vomiting 14 (20) 14 (19)
Rash 13 (19) 5(7)
Hot flush 13 (19) 4(6)
Alopecia 13 (19) 1(1)
Alanine aminotransferase level increased 12 (17) 6 (8)
Covid-19 12 (17) 12 (17)
Weight gain 11 (16) 5(7)
Cough 11 (16) 3 (4)
Abdominal pain 11 (16) 9(12)
Aspartate aminotransferase level increased 11 (16) 8 (11)
Dyspnea 11 (16) 4 (6)
Decreased appetite 11 (16) 8 (11)
Dry skin 11 (16) 5(7)
Tumor pain 5(7) 13 (18)
Ovarian dysfunctionz:
In the safety population — no. (%) 27 (39) 0
In women of childbearing potential in the safety population — no./total no. (%) 27/36 (75) 0/37

* Shown are adverse events that emerged or worsened from the time of the first dose of nirogacestat or placebo through
30 days after the last dose. Covid-19 denotes coronavirus disease 2019.

7 The patient died from sepsis.

i Ovarian dysfunction includes the Medical Dictionary for Regulatory Activities, version 24.0, preferred terms amenorrhea,
premature menopause, menopause, and ovarian failure.
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and across multiple trials in combination with
B-cell maturation antigen therapeutic agents in
patients with multiple myeloma.

In this trial involving patients with progress-
ing desmoid tumors, nirogacestat showed sig-
nificant benefits with respect to progression-free
survival, objective response, pain, disease-spe-
cific symptom burden, physical functioning, role
functioning, and health-related quality of life.
Adverse events were mainly low-grade and tran-
sient.
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