2022, Volume 2, Issue 2, Page No: 89-102
ISSN: 3108-4834

SOCIETY OF

EDUCATION

Society of Medical Education & Research

Archive of International Journal of Cancer and Allied Science

Phase Ib Trial of Xentuzumab Combined with Abemaciclib in Patients with Advanced
Solid Tumors, Including Its Use Alongside Endocrine Therapy in Advanced Breast
Cancer

Katya Ivanova Sokolova'*, Elena Vladimirovna Petrova!, Jan Marek Kowalski?, Adam Pawel
Wisniewski’

'Department of Oncology, Sechenov University, Moscow, Russia.
Department of Experimental Oncology, Jagiellonian University Medical College, Krakow, Poland.

*E-mail ><X k.sokolova.sechenov@gmail.com

Abstract

This phase Ib study evaluated the IGF-1/IGF-2-neutralizing antibody xentuzumab combined with abemaciclib, with or without
endocrine therapy (ET), in patients with advanced or metastatic solid tumors, particularly hormone receptor (HR)-positive,
HER2-negative breast cancer. In the initial dose-escalation phase (cohort A), patients with advanced solid tumors received
increasing doses of xentuzumab combined with abemaciclib. Subsequent dose-finding phases (cohorts B-D) enrolled patients
with advanced/metastatic HR-positive, HER2-negative breast cancer, who received xentuzumab plus abemaciclib in
combination with letrozole, anastrozole, or fulvestrant. Expansion phases evaluated xentuzumab plus abemaciclib and
fulvestrant in patients with HR-positive, HER2-negative breast cancer who had progressed on prior ET, focusing on those with
visceral metastases (cohort D1), non-visceral disease (cohort D2), or non-visceral disease after prior ET and CDK inhibitor
therapy (cohort F). Primary outcomes included maximum tolerated dose (MTD) for cohorts A-D, 18-month progression-free
survival (PFS) rate for cohorts D1/D2, and disease control rate for cohort F. Extensive biomarker evaluations were also
performed.

Overall, 133 patients received treatment. The MTD was established as xentuzumab 1000 mg weekly plus abemaciclib 150 mg
twice daily (cohorts A—D). The most frequent grade >3 adverse event was neutropenia. Response rates in cohorts B—D were at
least 25%. The 18-month PFS rates were 41.4% in cohort D1 and 78.5% in cohort D2. The disease control rate in cohort F
reached 40.0%. Biomarker assessments confirmed target inhibition, with potential prognostic indicators including baseline
serum IGF-1 levels, CCNDI expression, and MCL-1 mutations. The combination of xentuzumab with abemaciclib and ET
showed acceptable safety and encouraging clinical activity, particularly in breast cancer patients with non-visceral metastases.
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and treatment resistance across various malignancies,
notably in hormone receptor (HR)-positive, HER2-

Introduction

The insulin-like growth factor type 1 receptor (IGF-1R)
pathway and the cyclin-dependent kinase (CDK) 4/6-
retinoblastoma axis play key roles in tumor development
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negative breast cancer [1-4] and non-small-cell lung
cancer (NSCLC) [5, 6]. In advanced HR-positive, HER2-
negative breast cancer, the combination of CDK4/6
inhibitors with endocrine therapy (ET) represents the
established first-line standard of care [7]. Abemaciclib,
an orally administered CDK4/6 inhibitor with continuous
dosing, is approved for use alongside an aromatase
inhibitor as initial ET, with fulvestrant in patients whose
disease has progressed after prior ET, or as single-agent
therapy following ET and chemotherapy in the metastatic
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setting [8]. IGF-1R signaling promotes elevated cyclin
D1 levels, suggesting that simultaneous blockade of IGF
and CDK4/6 pathways may impair cell
proliferation by interfering with cell cycle regulation [9].
Multiple approaches to targeting the IGF axis have been
explored clinically, including monoclonal antibodies
against IGF-1R (e.g., ganitumab, figitumumab,
dalotuzumab, cixutumumab) and tyrosine kinase
inhibitors (TKIs) directed at IGF-1R. Combinations of
IGF-1R antibodies with antiestrogens have generally
yielded underwhelming results in breast cancer, possibly
owing to incomplete suppression of IGF signaling [10].
Moreover, both IGF-1R antibodies and TKIs frequently
provoke hyperglycemia—through increased growth
hormone and IGF-binding protein levels or direct
inhibition of insulin receptor isoforms A and B,
respectively [11].

Xentuzumab is a humanized IgG1 monoclonal antibody
that binds IGF-1 and IGF-2 with high affinity, thereby
neutralizing the downstream proliferative and anti-
apoptotic signals induced by these ligands in cancer cells
[12]. This ligand-neutralization strategy distinguishes it
from IGF-1R antibodies and TKIs [12]. Xentuzumab
prevents both IGF ligands from engaging IGF-1R and, by
sequestering IGF-2 (which binds strongly to insulin
receptor isoform A), may avert compensatory signaling
through IR-A—a mechanism linked to resistance against
IGF-1R-directed antibodies [12-16]. In vitro studies
showed robust suppression of both IGF-1R and IR-A
pathways by xentuzumab, whereas IGF-1R antibodies
failed to block IGF-2-mediated IR-A activation and were
inferior in inhibiting IGF-1R signaling [12]. In a
preclinical model of bone-metastatic prostate cancer, an
IGF ligand-neutralizing antibody effectively reduced
activation of both receptors and limited tumor
progression [17]. Unlike IGF-1R antibodies, xentuzumab
does not substantially alter growth hormone regulation
[18-21] and seldom causes hyperglycemia [21-24].
Early-phase trials of xentuzumab alone revealed initial
signs of antitumor effects in advanced solid malignancies
[22]. A phase Ib/II trial combining xentuzumab with
everolimus and exemestane in HR-positive, HER2-
negative breast cancer indicated good tolerability, with
the randomized portion showing improved progression-
free (PFS) for the triplet
everolimus/exemestane alone in patients with non-
visceral involvement [23]. However, the follow-up
randomized phase II XENERA-1 study, focused on
similar patients with non-visceral disease [24], found no

tumor

survival Vversus

PFS advantage for the triplet. Notably, few participants
in the earlier trial had prior CDK4/6 inhibitor exposure
(none in the xentuzumab group), compared with
approximately 75% in XENERA-1. Consequently, more
than four years after trial initiation, the sponsor halted
further oncology development of xentuzumab. Prior to
this decision, the present phase Ib study was launched to
evaluate the safety and activity of xentuzumab combined
with abemaciclib, with or without ET, in individuals with
advanced solid tumors, NSCLC, or HR-positive, HER2-
negative breast cancer—predominantly the latter group.

The trial also incorporated an extensive biomarker
program, examining serum markers, tumor genomic
alterations, and tumor mRNA expression profiles to
pinpoint prognostic indicators linked to PFS in HR-
positive, HER2-negative breast cancer patients treated
with xentuzumab-containing regimens.

Materials and Methods

Study design and participants

This open-label, non-randomized, prospective phase Ib
trial (NCTO03099174) with multiple dose-escalation
components was structured in three segments. Part 1
(cohort A) focused on establishing the maximum
tolerated dose (MTD) or recommended phase II dose
(RP2D) of xentuzumab combined with abemaciclib in
patients with advanced solid malignancies. Part 2
included dose-finding arms (cohorts B, C, and D) to
define the MTD/RP2D of the doublet plus background
ET—Iletrozole (cohort B), anastrozole (cohort C), or
fulvestrant (cohort D)—exclusively in postmenopausal
women with locally advanced or metastatic HR-positive,
HER2-negative breast cancer. Additionally within part 2,
cohort E served as a safety, pharmacokinetic, and
preliminary efficacy expansion in NSCLC patients
receiving xentuzumab plus abemaciclib. Part 3
comprised expansion arms (D1, D2, and F) assessing the
triplet (xentuzumab + abemaciclib + fulvestrant) for
antitumor effects in locally advanced/metastatic HR-
positive breast cancer patients with visceral involvement
(defined as disease in lung, liver, pleura, peritoneum, or
malignant effusions; cohort D1), non-visceral disease
progressing after ET (aromatase inhibitor or selective
estrogen receptor modulator; cohort D2), or non-visceral
disease progressing after aromatase inhibitor and prior
CDK inhibitor therapy (cohort F). The prioritization of
non-visceral disease stemmed from observations in a
prior phase Ib/II study [23].
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The study aimed to include roughly 12 participants in
each of cohorts A through D, 20 in cohorts E and F, and
30 in cohorts D1 and D2. Candidates needed to be adults
(at least 18 years old, or 20 in Japan), with males and
females allowed in cohorts A and E, but only women in
the remaining breast cancer-focused groups (B, C, D, D1,

D2, F). A performance status of 0 or 1 (per WHO/ECOG

scale) was mandatory at enrollment. Further

requirements were tailored to individual cohorts.

e Cohort A: Adults with confirmed advanced or
metastatic solid malignancies (measurable and
unresectable) that were no longer responsive to,
unsuitable for, or intolerant of established beneficial
treatments; minimum anticipated survival of three
months.

e Cohorts B, C, D: Women past menopause with
proven locally advanced or metastatic HR-positive,
HER2-negative  breast cancer (measurable,
unresectable), limited to zero to two chemotherapy
courses the metastatic phase
(neoadjuvant/adjuvant allowed). Suitability for the
assigned hormone treatment was required. Prior
fulvestrant or exemestane was acceptable in B and
C; non-steroidal aromatase inhibitors or exemestane
in D.

e Cohort E: Individuals with stage IV NSCLC
(confirmed, RECIST v1.1-measurable) refractory to
platinum-containing chemo(immuno)therapy and
not candidates for further standard chemotherapy.
Patients harboring EGFR mutations or ALK fusions
must have exhausted relevant targeted options.

in

e Cohorts D1, D2, F: Postmenopausal females with
verified advanced/metastatic HR-positive, HER2-
negative breast cancer (measurable per RECIST
v1.1, unresectable).

e DI and D2: Progression during/within 12
months of (neo)adjuvant hormone therapy
(no additional ET afterward); or recurrence
over a year post-adjuvant ET following one
metastatic ET line (no chemo); or initial
metastatic diagnosis with progression on
first-line metastatic ET (no chemo). DI
mandated visceral site involvement; D2
prohibited it.

e F: Demonstrated lack of response to an
aromatase inhibitor combined with a
CDK4/6 blocker (not abemaciclib)
advanced disease, without visceral sites. At

in

most one prior hormone regimen; no
metastatic chemotherapy.
Notable exclusions encompassed prior CDK inhibitors
(except F), any IGF-1R inhibitors,
symptomatic/uncontrolled brain lesions, ongoing or prior
pneumonitis/interstitial lung issues, significant upper
gastrointestinal resection, or chronic inflammatory bowel
conditions.
Conduct followed Helsinki Declaration and ICH Good
Clinical Practice standards. Site-specific ethics approvals
were secured, and informed consent was obtained from
every participant.

Regimens

Standard dosing across groups: weekly intravenous
xentuzumab 1000 mg plus twice-daily oral abemaciclib
150 mg.

Additional agents:

e Cohort B: daily oral letrozole 2.5 mg.

e  Cohort C: daily oral anastrozole 1 mg.

e Cohorts D, DI, D2, F: monthly intramuscular
fulvestrant 500 mg, including a loading injection at
week 2.

Temporary holds or dose adjustments were allowed for

toxicities or serious side effects. Xentuzumab could step

down to 750 mg then 500 mg weekly; abemaciclib to 100

mg then 50 mg twice daily. It was permissible to stop one

component while maintaining the rest.

Endpoints and evaluations

For cohorts A through D, the main goals were to identify
the maximum tolerated dose (MTD) or recommended
phase II dose (RP2D) for the combination of xentuzumab
and abemaciclib, either alone or alongside endocrine
therapy (ET). Dose-limiting toxicities (DLTs) were
monitored throughout the initial 28-day cycle to guide
these determinations. If no MTD was identified, the
RP2D would be selected using overall safety profiles and
supporting data. The MTD was specified as the highest
level where the probability of exceeding a 33% true DLT
rate remained below 25%, guided by a Bayesian Logistic
Regression Model (BLRM) incorporating escalation with
overdose control principles [25].

In cohort E, the primary focus was objective response
rate, including complete or partial responses according to
RECIST version 1.1. For cohort F, it was the rate of
disease control, encompassing complete response, partial
response, confirmed stable disease of at least 24 weeks,
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or non-complete response/non-progression lasting >24
weeks per RECIST vl1.1. Cohorts D1 and D2 targeted the
progression-free survival (PFS) rate at 18 months.
Additional endpoints included disease control rates
(limited to cohorts D1, D2, and E), time to response,
response duration, disease control duration, overall PFS,
and objective response rates (for cohorts D1, D2, and F).
Biomarker explorations in cohorts D1, D2, and E
involved both quantitative and qualitative approaches.
Quantitatively, three serum markers related to IGF were
measured: total IGF-1, free IGF-1, and dissociable IGF-
2. Changes in free IGF-1 levels over time were
specifically examined in cohorts D1/D2 and E (selected
due to sufficient sample sizes, with >10 patients having
baseline and at least one on-treatment assessment). In
cohorts D1 and D2, serum samples for total/free IGF-1
and IGF-2 were collected on cycle day 1 (pre-dose) for
cycles 1-4 and 6, plus at treatment end (within one week
of last dose) and follow-up (42 £ 7 days post-treatment).
Validated immunoassays were used for quantification. A
comparable timing applied to cohort E, but sampling
extended to day 1 of cycles 1-12, 15, and 18.
Furthermore, pretreatment tumor tissue was analyzed for
mRNA expression of 48 selected genes. Patients were
divided into high- versus low-expression categories for
each gene, with thresholds optimized via maximization
of partial log-likelihood in a Cox model for 18-month
PFS [26]. Tumor DNA sequencing targeted the coding
regions of 395 oncology-relevant genes (plus introns
from 31 genes) to detect single nucleotide variants,
certain fusions, and other mutations, employing a
FoundationOne®-adapted T7 hybrid-capture panel [27]
at certified Foundation Medicine laboratories. Detected
alterations were grouped into pathways such as RAS,
DNA repair, PI3K (including PTEN alterations),
apoptosis, everolimus-related genes from BOLERO-2
post-hoc findings [28], cell cycle, and various PI3K
subclasses, plus specific PIK3CA short variants. Results
from mRNA and genomic analyses are reported only for
markers with adequate sample quality and quantity.

Statistical approaches

Dose escalation relied on a BLRM with overdose control,
applied to binary DLT data to estimate toxicity risks per
level and recommend the MTD. Models were updated
ongoing as safety information emerged. A dedicated
Steering Committee—comprising independent
specialists, company representatives, and led by the lead

investigator—oversaw escalation decisions, cohort
expansions, and final MTD declaration.
Outcomes in expansion arms were summarized

descriptively. For biomarkers, Cox proportional hazards
models generated hazard ratios (HRs) with 95%
confidence intervals for PFS, comparing high/low
expression or alteration presence/absence, adjusted for
the biomarker dichotomy and baseline visceral disease
status. Modeling required at least five patients and three
PFS events per subgroup. HRs with confidence intervals
excluding 1 (suggesting P < 0.05) were highlighted,
especially those with values <0.2 or >5.

Results and Discussion

Participant enrollment and exposure

The dose-finding arms (cohorts A-D) ran from May 31,
2017, to November 6, 2020, across 11 sites in France,
Japan, Spain, and the United States. Expansion arms (E,
F, D1, D2) involved 30 centers in France, Japan, Spain,
the United States, Denmark, Finland, and Korea.

As of the data cutoff on March 31, 2022, ongoing
participation included 7 patients in cohort F, 8 in D1, and
14 in D2.

A total of 28 individuals joined dose escalation: 6 in
cohort A, 7 each in B and C, and 8 in D. Expansion
treated 105 more: 26 in E, 15 in F, 33 in D1, and 31 in
D2.

Demographics and baseline features are detailed in Table
1. The HR-positive, HER2-negative breast cancer
subgroup aligned well with typical patient profiles.
Across groups, disease progression was the predominant
cause for stopping xentuzumab.

Table 1. Patient demographics and baseline disease features at study entry

Character Cohort F Cohort E  Cohort D2 Cohort D1  Cohort D Cohort C Cohort Cohort A
istic (n=15) (n=26) (n=31) (n=33) (n=8) (n=7) B (n=7) (n=6)
al\ged‘;;‘rs 59040~ 64053~ S30(6- 600036~ 490(40- (o0 oo o0 56034 605 (S6-
g%,y 76) 76) 80) 70) : 64) 66)

(range)
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Female
sex. n (%) 15 (100) 8 (30.8) 31 (100) 33 (100) 8 (100) 7 (100) 7 (100) 5(83.3)
Median 229
BMI, 262 (17.2— 23.6(18.9— 254(17.6— 24.2(19.4- 22.0(17.3— 248(17.7- (16'57 24.2 (18.6—
kg/m? 35.9) 41.2) 33.3) 38.2) 28.8) 45.7) ’ 27.9)
26.6)
(range)
Race, n
(%)
Asian 1(6.7) 4(154) 7 (22.6) 9(27.3) 2 (25.0) 1(14.3) 1(14.3) 2(33.3)
Black or
African 0 1(3.8) 0 0 0 0 0 0
American
White 8(53.3) 17 (65.4) 21 (67.7) 21 (63.6) 4 (50.0) 5(71.4) 5(71.4) 2(33.3)
Missing 6 (40.0) 4(154) 3(9.7) 3.1 2 (25.0) 1(14.3) 1(14.3) 2 (33.3)
ECOG
performanc
€ status, n
(%)
0 11(73.3) 7 (26.9) 21(67.7) 24 (72.7) 6 (75.0) 4(57.1) 6 (85.7) 2(33.3)
1 4(26.7) 19 (73.1) 10 (32.3) 9(27.3) 2 (25.0) 3(42.9) 1(14.3) 4 (66.7)
Tumor
type, n (%)
Breast
cancer 15 (100) 0 31 (100) 33 (100) 8 (100) 7 (100) 7 (100) 3 (50.0)
Non-small
cell lung 0 26 (100) 0 0 0 0 0 1(16.7)
cancer
Soft
tissue/bone 0 0 0 0 0 0 0 1(16.7)
sarcoma
Colorectal 0 0 0 0 0 0 0 1(16.7)
cancer
Median
time from 979
initial 43.1 (6.7- 29.9 (9.4- 60.0(18.7- 64.7(13.8— 67.5(36.9- 118.0(5.3— (12'07 53.5(23.2-
diagnosis, 324.6) 56.2) 189.7) 259.6) 246.1) 399.5) ; 128.5)
215.5)
months
(range)
Disease
stage at
study
entry, n
(%)
I 0 0 0 0 0 1(14.3) 0
1I 0 0 1(3.2) 0 0 0 1(14.3) 1(16.7)
111 0 3(11.5) 0 0 0 0 0 0
v 14 (93.3) 21 (80.8) 30 (96.8) 33 (100) 8 (100) 5(71.4) 4(57.1) 5(83.3)
Missing 1(6.7) 2(7.7) 0 0 0 2 (28.6) 1(14.3) 0
Number of
metastatic
sites at
entry, n
(%)
1 11 (73.3) 1(3.8) 26 (83.9) 5(15.2) 0 0 1(14.3) 0
2 4(26.7) 5(19.2) 4(12.9) 9(27.3) 6 (75.0) 4(57.1) 4(57.1) 2 (33.3)
3 0 8 (30.8) 1(3.2) 12 (36.4) 1(12.5) 2 (28.6) 2 (28.6) 2 (33.3)
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4 0 3(11.5)

7(21.2)

1(12.5) 1(14.3) 0 1(16.7)

>5 0 9 (34.6)

0 0 1(16.7)

Visceral
metastases
at entry, n

(%)

32 (97.0)

7(87.5) 7 (100) 4(57.1) 6 (100)

Bone
metastases
atentry, n

(%)

14 (93.3) 12 (46.2) 30 (96.8)

23 (69.7)

6 (75.0) 5(71.4) 6(857)  4(66.7)

Prior
endocrine
therapy, n

(%)

15 (100) 0 30 (96.8)

33 (100)

7 (87.5) 5(71.4) 7 (100) 1(16.7)

Prior
neoadjuvan
t 4(26.7)
chemother

apy, n (%)

1(3.8) 5(16.1)

9(27.3)

3(37.5) 1(14.3) 1(143)  2(33.3)

Prior
adjuvant
chemother

apy, n (%)

6 (40.0) 7(26.9) 19 (61.3)

14 (42.4)

4 (50.0) 3 (42.9) 4(57.1)  3(50.0)

Prior
chemother
apy for
metastatic
disease, n
(%)

1(6.7) 19 (73.1) 0

3(37.5) 4(57.1) 3(429)  5(83.3)

BMI= body mass index; ECOG= Eastern Cooperative Oncology Group.

DLTs and MTD

During the 28-day MTD assessment period, dose-
limiting toxicities occurred in two of six evaluable
patients in cohort A (both with grade 3 neutropenia), one
of six in cohort B (grade 3 neutropenia), one of six in
cohort C (grade 4 thrombocytopenia), and one of six in
cohort D (grade 3 neutropenia) (Table 2). The maximum

tolerated doses were defined as follows: (i) xentuzumab
1000 mg weekly combined with abemaciclib 150 mg
twice daily for all cohorts; (ii) cohort B also received
letrozole 2.5 mg daily; (iii) cohort C was administered
anastrozole 1 mg daily; and (iv) cohort D (including D1,
D2, and F) received fulvestrant 500 mg monthly, with an
additional 500 mg given two weeks after the first dose.

Table 2. Summary of adverse events and most frequently reported all-cause, any-grade adverse events (occurring in
>50% of the patients in any cohort)

Cohort A Cohort B Cohort C Cohort D Cohort D1 Cohort D2

Cohort E Cohort F

n (%)
(n=6) =7 (=7 (=8 (=33 (m=31) (n=26) @n=15)
Any AE 6(100)  7(100)  7(100)  8(100) 33 (100)  31(100)  26(100) 15 (100)
Xentuzumab-related AEs 6(100) 7(100) 6(85.7) 7(87.5 29(87.9) 29(935) 16(61.5 12(80.0)
Abemaciclib-related AE 6(100) 7(100) 7(100) 8(100) 32(97.0) 31(100) 24(923) 15(100)
AEs leading to xentuzumab dose
1(16. 429) 1(143) 1(12. 10 (32. 1G3.
 duerion (167)  3(429) 1(143) 1(12.5) 0 0(32.3) (3.8) 0
AEs leading to abemaciclibdose ) 13 30 571 4 7(100)  4(500) 21(63.6) 25(806) 7(269) 7(46.7)
reduction
AEs leading to discontinuation of
e 0 1(143)  1(14.3) 0 6(182) 4(129) 3(I115) 3(20.0)
AFs leading to discontinuation of (oo 145 2(25.0) 7(21.2)  5(161)  6(23.1) 3(20.0)

abemaciclib
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2(33.3% (42.9)cfehi 1 (14.3)¢
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AE, adverse event; AST, aspartate transaminase; CTCAE, Common Terminology Criteria for Adverse Events; DLT, dose-limiting toxicity; MTD,

maximum tolerated dose; SAE, serious adverse event.
*Grade 3 neutrophil count decreased x2.

bn = 6.

°Grade 3 neutrophil count decreased.

dGrade 4 thrombocytopenia.

‘Grade 3 neutropenia.

fGrade 3 febrile neutropenia.

£Grade 4 alanine aminotransferase increased.

"Grade 4 aspartate aminotransferase increased.

iGrade 3 blood bilirubin increased.

iGrade 4 gamma-glutamyltransferase increased.
kGrade 3 neutropenia x2.

'Grade 2 decreased appetite.

"Respiratory syncytial virus infection/respiratory failure.
"Myocardial infarction.

°Pulmonary embolism.

PAcute respiratory distress syndrome.

Safety and tolerability

An overview of adverse events (AEs), along with dose
adjustments and treatment terminations for xentuzumab
and abemaciclib in various study groups, is presented in
Table 2. The proportion of participants needing dose
lowering of xentuzumab because of AEs varied from
none (in groups D1 and F) to 3 individuals (42.9% in
group B). In total, across the entire study population, 17
participants (12.8%) underwent dose modifications. The
primary causes for these adjustments included low
neutrophil counts or neutropenia (n=10) and low platelet
counts or thrombocytopenia (n=3). The role of IGF
signaling in supporting healthy blood cell production has
been noted previously[29, 30]. Dose adjustments for
abemaciclib occurred in proportions ranging from 26.9%

(group E) to 100.0% (group C). Treatment cessation of
xentuzumab owing to AEs varied from none (groups A
and D) to 3 cases (20.0%) in group F (attributed to
headache, acute respiratory distress syndrome, and
pulmonary embolism in individual patients). Rates of
stopping abemaciclib due to AEs ranged from 0 percent
(group C) to 25% (group D). Specifically, two
individuals halted abemaciclib because of diarrhea, with
one case each due to reduced neutrophils and increased
aspartate transaminase levels.

Rates of serious AEs differed from 0.0% (group A) to
57.1% (groups B and C). Four deaths related to AEs were
recorded: one in group D1 (respiratory failure, potentially
linked to abemaciclib but complicated by concurrent
respiratory syncytial virus infection), one in group D2
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(myocardial infarction, deemed unrelated to study drugs),
one in group E (pulmonary embolism, not drug-related),
and one in group F (acute respiratory distress syndrome,
not drug-related; (Table 2)). The AEs most commonly
observed across all grades are detailed in Table 2. In
general, the prevalent AEs of any severity were diarrhea,
nausea, anemia, and fatigue; the predominant grade >3
event was reduced neutrophil count (Table 2). Mild
hyperglycemia linked to xentuzumab was seen in two
cases (one each in groups D and D2; both grade 1).

Antitumor activity
Objective response rates (ORRs, based on RECIST v1.1)
reached 28.6 percent, 28.6 percent, and 25.0 percent in

groups B, C, and D, respectively, accompanied by
disease control rates (DCRs) of 57.1 percent, 71.4
percent, and 62.5 percent in those same groups (Table 3).
For subgroups D1 and D2, progression-free survival
(PFS) rates at eighteen months stood at 41.4 percent and
78.5 percent, with median PFS values of 13.6 months (95
percent CI 7.2-25.9 months) and 33.1 months (95 percent
CI 19.4-33.1 months), respectively (Figure 1). The ORR
was 60.6 percent in subgroup D1 and 19.4 percent in D2,
with corresponding DCRs of 69.7 percent and 77.4
percent; each subgroup included one complete response
(Table 3).

Table 3. Summary of efficacy

7 (%) Cohort F Cohort E Cohort D2 Cohort D1 Cohort D Cohort C Cohort B Cohort A
° (n=15 (=26 (=31 (=33 (@=8 (@m=7) (n=7) (n=6)
CR 0 0 13.2) 1(3.0) 0 0 0 0
PR 16.7) 1(3.8) 5(161) 19(57.6) 2(25.0) 2(286) 2(286) 1(16.7)
Non-CR/non-PD 4(26.7) 0 15 (48.4) 0 0 1(143)  2(28.6) 0
SD 167 11(423) 3(9.7) 30.) 3(375 2(28.6) 0 0
PD 6(40.0) 10(385) 4(129) 8(242) 2(250) 1(143) 2(28.6) 5(833)
Not evaluable 32000 4(154) 397 26.1) 1(125) 1(143) 1(14.3) 0
Objective response 16.7) 1(3.8)  6(194)  20(60.6) 2(25.0) 2(286) 2(286) 1(16.7)
Disease control rate 6(40.0) 12(462) 24(774) 23(69.7) 5(625 5(71.4) 4(57.1) 1(16.7)
. 46(@46- 58058 175(79- 11.1(0.0- 53(1.8 9.0(1.9- 134(74 56(56-
DoR (month
OR (months), median (range) ¢ 5.8) 25.8) 27.2) 8.8) 16.1) 19.4) 5.6)
. 124 (92- 58(14- 220(55 150(72- 124(55 9.1(56- 24.0(9.1- 7.3 (7.3-
DDC (months), median (range) 25.0) 33.1) 30.7) 21.9) 20.1) 30.4) 7.3)
. NC(23- 2.1(1.5- 33.1(194- 13.6(72- 124(07- 9.1 (1.8 187 (1.6- 1.7(1.0-
0,
PES (months), median (95% C) 5.7) 33.1) 25.9) 21.9) NC) 30.4) 7.3)

CI= confidence interval; CR= complete response; DDC= duration of disease control; DoR= duration of response; NC, not calculated; PD=
progressive disease; PFS= progression-free survival; PR= partial response; RECIST v1.1= Response Evaluation Criteria in Solid Tumours version

1.1; SD= stable disease.
“Investigator assessed using RECIST v1.1.

Progression-tres survivel (%)
2 & 8 ¥ 8 3 8

Figure 1. Progression-free survival for subgroups D1
and D2, highlighting the PFS rates at 18 months. CI

denotes confidence interval; PFS stands for
progression-free survival.

In subgroup E, a single participant (3.8%) achieved an
objective response (partial response), resulting in a
disease control rate of 46.2% and a median duration of
controlled disease of 5.8 months (range 1.4-25.0 months;
(Table 3)). For subgroup F, the disease control rate
reached 40.0 percent, with a median duration of 12.4
months (range 9.2—-14.0 months). The objective response
rate was 6.7 percent (Table 3).

Biomarkers
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Evaluation of the three most substantial groups—D1, D2,
and E—revealed a decline in free IGF-1 levels during
xentuzumab administration, confirming on-target effects.
Comparable patterns emerged in the less populated
groups (data not presented). Patients exhibiting elevated
total serum IGF-1 (>115 U/ml)
experienced extended median PFS compared to those
with lower levels (31.0 months versus 10.9 months; HR
2.32, 95 percent CI 1.13-4.76, P = 0.022; (Figure 2a)).
Among 395 genes screened for mutations, MCL-1
emerged as the sole candidate with potential prognostic
value for PFS (HR 0.17, 95 percent CI 0.04—0.74, P =
0.0182). Median PFS reached 13.5 months in individuals
harboring MCL-1 mutations, in contrast to 25.9 months
in those without (Figure 2b). Baseline tumor mRNA
quantification, stratified into high and low expression
categories, identified elevated levels of five genes
associated with favorable PFS outcomes (HR >5.0):
CCNDI1 (encoding cyclin D1; HR 17.27, 95 percent CI
4.18-71.32, P < 0.0001), BCL-2 (HR 11.40, 95 percent
CI3.0-44.0, P =0.0004), INSR (HR 6.05, 95 percent CI
2.00-18.37, P = 0.0015), MAPK3 (HR 5.69, 95 percent
CI 1.93-16.81, P = 0.0016), and ErbB2a (HR 5.50, 95
percent CI 1.86-16.29, P =0.0021).

baseline levels
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Figure 2. Forest plots from biomarker evaluations.
This includes quantitative assessments of (a) serum-

based markers and (b) mutational analysis in tumor
DNA across chosen genes from 10 signaling
pathways (limited to genes with successful
genotyping in at least five participants and a

minimum of three progression-free survival events

per subgroup). CI indicates confidence interval; IGF

refers to insulin-like growth factor; PFS denotes
progression-free survival.

Findings from this investigation indicated that
xentuzumab could be safely paired with abemaciclib and
administered alongside endocrine agents such as
letrozole, anastrozole, or fulvestrant. Instances of adverse
events necessitating dose lowering for xentuzumab were
more prevalent in the initial dose-finding phase but
occurred less often in the subsequent expansion phase.
Fewer than one in five participants stopped either
xentuzumab or abemaciclib because of adverse events;
generally, the frequency of dose adjustments for
abemaciclib exceeded that for xentuzumab. Prevalent
adverse events linked to the combination of xentuzumab
and abemaciclib involved  diarrhea,
fatigue/asthenia, and neutropenia/low neutrophil counts.
Multiple findings point to a limited role of xentuzumab
in contributing to the toxicity profile of the evaluated
regimens. First, earlier investigations showed that
xentuzumab alone was relatively well tolerated[22].
Second, the pattern of adverse events in groups receiving
xentuzumab plus abemaciclib and fulvestrant mirrored
that seen with abemaciclib and fulvestrant in the
MONARCH-2  study[31]. In particular, mild
hyperglycemia attributed to xentuzumab (grade 1) was
reported in only two cases, likely due to xentuzumab's
preservation of insulin binding to the IR-B receptor
isoform. In summary, the tolerability of xentuzumab
combined with abemaciclib (with or without endocrine
therapy) was acceptable, with adverse events comparable
to those reported for abemaciclib (with or without
endocrine therapy), though blood cell reductions may
have been intensified by the dual therapy[31].

Promising objective response and disease control rates
emerged in groups B through D involving the three-drug
regimens. In group E (non-small cell lung cancer
patients), the objective response rate was low at 3.8%, yet
nearly half achieved disease control lasting a median of
5.8 months. Group F showed a 40.0% disease control rate
with a meaningful median duration of 12.4 months (range
9.2-14.0 months). Results from subgroups D1 and D2
appeared favorable, yielding median progression-free

nausea,
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survival of 13.6 and 33.1 months, respectively. Notably,
progression-free survival in subgroup D2 surpassed that
observed with xentuzumab plus everolimus and
exemestane in the XENERA-1 study (median 12.7
months) and with abemaciclib plus fulvestrant in
MONARCH 2 (median 16.4 months), notwithstanding
challenges in direct comparisons across trials,
particularly given variations in patient characteristics
[24, 32]. For instance, MONARCH 2 included 56%
visceral involvement, while subgroup D2 restricted to
non-visceral sites. XENERA-1 permitted only one prior
CDK4/6 inhibitor line. The modest cohort sizes in the
present work also warrant consideration.

This investigation examined prognostic potential of
various serum markers, including free and total IGF-1
levels. Aligning with a prior phase Ib/II trial in hormone
receptor-positive, HER2-negative
treatment with xentuzumab lowered free serum IGF-1,

breast  cancer,
confirming mechanism of action (Boehringer Ingelheim,
data on file)[23]. Additionally, elevated total IGF-1 at
baseline, and somewhat free IGF-1, indicated prognostic
relevance for progression-free survival, mirroring the
earlier trial. Baseline IGF-2 levels (dissociable) lacked
prognostic significance for progression-free survival.
Absence of a comparator group precluded assessment of
whether IGF-1 levels predicted specific benefit from
xentuzumab here. However, the prior phase Ib/II
suggested potential predictivity, with trends for both free
IGF-1 and dissociable IGF-2 toward better progression-
free survival on the xentuzumab regimen versus control
(Boehringer Ingelheim, data on file). This was not
confirmed in XENERA-1. Additional research is needed
to explore circulating IGF-1 markers as predictors,
potentially selecting patients likely to respond to IGF-1R
pathway inhibitors. Supporting this, IGF-1 has shown
predictive potential in trials of other IGF-1R agents like
dalotuzumab [33] and ganitumab [34]. A recent
neoadjuvant breast cancer study linked IGF-1R
phosphorylation to ganitumab response [35]. Combining
high IGF-1 with tumoral receptor phosphorylation
assessment might form a robust predictive composite for
this drug class.

Extensive genomic profiling aimed to uncover new
markers. Elevated tumoral mRNA for CCND1 stood out
with substantial prognostic strength (HR 17.3) compared
to low expression. High CCNDI also exhibited strong
predictivity for progression-free survival in the prior
phase Ib/II (interaction P = 0.0002) but not XENERA-1
(Boehringer Ingelheim, data on file). IGF-1 and cyclin

D1 are recognized as central interacting genes in breast
atypical hyperplasia pathogenesis [36]. The analysis
screened cancer-associated genes for mutational
prognostic effects, identifying only MCL-1 (BCL-2
family apoptosis regulator) as potentially relevant. MCL-
1 mutations correlated with reduced progression-free
survival (P = 0.0182), suggesting impaired apoptosis
might hinder xentuzumab efficacy. This was not echoed
in the prior phase Ib/Il or XENERA-1 analyses
(Boehringer Ingelheim, data on file) [23, 24]. Prior
reports associate MCL-1 overexpression with advanced
tumor grade and worse outcomes in breast cancer [37]. In
contrast, high BCL-2 expression here linked to prolonged
progression-free survival (HR 11.40, P = 0.0004),
reinforcing possible ties between apoptosis dysregulation
(BCL-2 family) and diminished xentuzumab -effect.
Nonetheless, BCL-2 is known as a positive prognostic
marker in breast cancer due to its correlation with
estrogen receptor positivity [38].

Study constraints include its single-arm, non-blinded
design. Given multiple tested variables and limited
numbers, biomarker prognostic interpretations require
prudence. Without a control, definitive efficacy
judgments for regimens were impossible. Early
termination following XENERA-1 efficacy shortfall [24]
prevented full accrual, restricting group sizes.

Conclusion

Xentuzumab is compatible with abemaciclib and
endocrine therapies in individuals with progressed solid
malignancies or breast cancer. These regimens exhibited
acceptable safety and notable anticancer effects,
especially in breast cancer cases without visceral spread.
Oncology advancement of xentuzumab ceased, however,
owing to absent efficacy gain in the phase II randomized
XENERA-1 breast cancer study [24]. Still, this work
highlights key distinctions in safety and possible efficacy
between ligand-blocking and receptor-directed IGF
inhibition approaches.
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