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Trilaciclib plus chemotherapy versus chemotherapy alone in
patients with metastatic triple-negative breast cancer:
a multicentre, randomised, open-label, phase 2 trial

Antoinette R Tan, Gail S Wright, Anu R Thummala, Michael A Danso, Lazar Popovic, Timothy J Pluard, Hyo S Han, Zeljko Vajnovi¢, Nikola Vasev,
Ling Ma, Donald A Richards, Sharon T Wilks, Dusan Milenkovi¢, Zhao Yang, Joyce M Antal, Shannon R Morris, Joyce O’Shaughnessy

Summary

Background Trilaciclib is an intravenous cell-cycle inhibitor that transiently maintains immune cells and haemopoietic
stem and progenitor cells in G1 arrest. By protecting the immune cells and bone marrow from chemotherapy-induced
damage, trilaciclib has the potential to optimise antitumour activity while minimising myelotoxicity. We report safety
and activity data for trilaciclib plus gemcitabine and carboplatin chemotherapy in patients with metastatic triple-
negative breast cancer.

Methods In this randomised, open-label, multicentre, phase 2 study, adult patients (aged =18 years) with evaluable,
biopsy-confirmed, locally recurrent or metastatic triple-negative breast cancer who had no more than two previous
lines of chemotherapy were recruited from 26 sites in the USA, three in Serbia, two in North Macedonia, one in
Croatia, and one in Bulgaria; sites were academic and community hospitals. Availability of diagnostic samples of
tumour tissue confirming triple-negative breast cancer was a prerequisite for enrolment. Eligible patients were
randomly assigned (1:1:1) by an interactive web-response system, stratified by number of previous lines of systemic
therapy and the presence of liver metastases, to receive intravenous gemcitabine 1000 mg/m2 and intravenous
carboplatin (area under the concentration-time curve 2 pgxh/mlL) on days 1 and 8 (group 1), gemcitabine and
carboplatin plus intravenous trilaciclib 240 mg/m2 on days 1 and 8 (group 2), or gemcitabine and carboplatin on
days 2 and 9 plus trilaciclib on days 1, 2, 8, and 9 (group 3) of 21-day cycles. Patients continued treatment until
disease progression, unacceptable toxicity, withdrawal of consent, or discontinuation by the investigator. The primary
objective was to assess the safety and tolerability of combining trilaciclib with gemcitabine and carboplatin
chemotherapy. The primary endpoints were duration of severe neutropenia during cycle 1 and the occurrence of
severe neutropenia during the treatment period. Overall survival was included as a key secondary endpoint. Analyses
were in the intention-to-treat population. Safety was assessed in all patients who received at least one dose of study
treatment. This study is registered with EudraCT, 2016-004466-26, and ClinicalTrials.gov, NCT02978716, and is
ongoing but closed to accrual.

Findings Between Feb 7, 2017, and May 15, 2018, 142 patients were assessed for eligibility and 102 were randomly
assigned to group 1 (n=34), group 2 (n=33), or group 3 (n=35). Of all patients, 38 (37%) had received one or
two lines of previous chemotherapy in the metastatic setting. Median follow-up was 8-4 months (IQR 3-8-13-6)
for group 1, 12-7 months (5-5-17-4) for group 2, and 12-9 months (6-7-16-8) for group 3. Data cutoff for
myelosuppression endpoints was July 30, 2018, and for antitumour activity endpoints was May 17, 2019. During
cycle 1, mean duration of severe neutropenia was 0-8 day (SD 2-4) in group 1, 1-5 days (3-5) in group 2, and
1-0 day (2-6) in group 3 (group 3 vs group 1 one-sided adjusted p=0-70). Severe neutropenia occurred in nine (26%)
of 34 patients in group 1, 12 (36%) of 33 patients in group 2, and eight (23%) of 35 patients in group 3 (p=0-70).
Overall survival was 12-6 months (IQR 5-8-15-6) in group 1, 20-1 months (9-4-not reached) in group 2,
and 17-8 months (8-8-not reached) in group 3 (group 3 vs group 1 two-sided p=0-0023). The most common
treatment-emergent adverse events were anaemia (22 [73%] of 34), neutropenia (21 [70%)]), and thrombocytopenia
(18 [60%)]) in group 1; neutropenia (27 [82%)] of 33), thrombocytopenia (18 [55%]) and anaemia (17 [52%]) in
group 2; and neutropenia (23 [66%)] of 35), thrombocytopenia (22 [63%)]), and nausea (17 [49%]) in group 3. There
were no treatment-related deaths.

Interpretation No significant differences were observed in myelosuppression endpoints with trilaciclib plus
gemcitabine and carboplatin in patients with metastatic triple-negative breast cancer; however, the regimen was
generally well tolerated and overall survival results were encouraging. Further studies of trilaciclib in this setting are
warranted.

Funding G1 Therapeutics.

Copyright © 2019 Elsevier Ltd. All rights reserved.

www.thelancet.com/oncology Vol 20 November 2019

>

CrossMark

Lancet Oncol 2019;
20:1587-601

Published Online
September 28, 2019
https://doi.org/10.1016/
$1470-2045(19)30616-3

See Comment page 1479

Levine Cancer Institute, Atrium
Health, Charlotte, NC, USA

(A RTan MD); Florida Cancer
Specialists and Research
Institute, New Port Richey, FL,
USA (G S Wright MD);
Comprehensive Cancer Centers
of Nevada, Las Vegas, NV, USA
(A RThummala MD); Virginia
Oncology Associates,

Norfolk, VA, USA

(M A Danso MD); Oncology
Institute of Vojvodina,
University of Novi Sad, Serbia
(L Popovic MD); Saint Luke's
Cancer Institute,

Kansas City, MO, USA

(TJ Pluard MD); H Lee Moffitt
Cancer Center and Research
Institute, Tampa, FL, USA

(H S Han MD); Varazdin General
Hospital, Varazdin, Croatia
(ZVojnovi¢ MD); University
Clinic of Radiotherapy and
Oncology, Skopje, Macedonia
(N Vasev MD); Rocky Mountain
Cancer Centers, Lakewood, CO,
USA (L Ma MD); Texas
Oncology-Tyler, US Oncology
Research, Tyler, TX, USA

(D A Richards MD); Texas
Oncology-San Antonio, US
Oncology Research,

San Antonio, TX, USA

(ST Wilks MD); Clinical Center
Ni$, Nis, Serbia

(D Milenkovi¢ MD);
G1Therapeutics, Research
Triangle Park, NC, USA

(ZYang PhD, ] M Antal MS,

S R Morris MD); and Baylor
University Medical Center,
Texas Oncology Dallas, US
Oncology Research, Dallas, TX,
USA () 0'Shaughnessy MD)

Correspondence to:

Dr Antoinette R Tan, Levine
Cancer Institute, Atrium Health,
Charlotte, NC 28204, USA
antoinette.tan@atriumhealth.
org

1587


http://crossmark.crossref.org/dialog/?doi=10.1016/S1470-2045(19)30616-3&domain=pdf

Articles

1588

Research in context

Evidence before this study

We searched PubMed for publications in English and congress
abstracts from the annual meetings of the American
Association of Cancer Research, the American Society of Clinical
Oncology, the European Society of Medical Oncology, and the
San Antonio Breast Cancer Symposium for entries and
publications between June 1, 2010, and June 30, 2019, using
the terms “triple-negative breast cancer”, “chemotherapy”,
“myelosuppression OR myeloprotection OR
myelopreservation”, “CDK4/6 inhibition”, “trilaciclib OR G1T28",
and “antitumour immunity”. The results showed that
multilineage myelosuppression is an acute toxic side-effect of
cytotoxic chemotherapy that often leads to haematological
toxicities and subsequent dose reductions and delays. Emerging
data from early phase clinical trials in patients with small-cell-
lung cancer suggest that due to its first-in-class mechanism of
action, trilaciclib given before chemotherapy has the potential
to protect the immune system and bone marrow from the
cytotoxic effects of chemotherapy, resulting in improved
benefit-to-risk ratios for patients.

Introduction

Triple-negative breast cancer is associated with several
aggressive clinicopathological features compared with
other types of breast cancer, including younger age of
onset and large high-grade tumours."* Although triple-
negative breast cancer accounts only for approximately
15-20% of breast cancer diagnoses, more than a third of
patients with triple-negative breast cancer develop
metastatic disease.! Recurrences generally occur early
and are typically visceral.’

Despite substantial improvements in clinical outcomes
in the field of breast cancer over the past 50 years, the
triple-negative breast cancer subtype remains an area of
unmet clinical need. Chemotherapy is the cornerstone of
treatment for patients with metastatic triple-negative
breast cancer;* however, chemotherapy-induced myelo-
suppression commonly leads to dose reductions that
can restrict therapeutic dose intensity.’ By depleting
the number and function of lymphocytes, off-target
chemotherapy-induced cytotoxicity might also restrict
the ability of the patient’s immune system to mount an
effective response against the cancer.”” Introducing
therapy that can protect the immune cells and bone
marrow from the cytotoxic effects of chemotherapy has
the potential to optimise antitumour activity while
minimising myelotoxicity.*™

Trilaciclib (G1T28) is a highly potent and selective
inhibitor of cyclin-dependent kinases-4/6 (CDK4/6)
that enhances antitumour immunity and preserves
haemopoietic stem and progenitor cells during chemo-
therapy (myelopreservation). Both haemopoietic stem
and progenitor cells and lymphocyte populations are
dependent on CDK4/6 activity™” for proliferation and

Added value of this study

Patients with metastatic triple-negative breast cancer have few
treatment options beyond standard chemotherapy. Trilaciclib
inhibits an established pathway (CDK4/6 inhibition) but has a
unique delivery schedule and pharmacokinetic properties to
target a novel cell population (haemopoietic stem and
progenitor cells and lymphocytes). Combining trilaciclib with
chemotherapy has the potential to preserve host immunity and
improve treatment outcomes in patients with metastatic
triple-negative breast cancer without adding clinically
significant toxicity.

Implications of all the available evidence

The preliminary antitumour activity reported without
substantial added toxicity in this phase 2 trial supports the
further assessment of trilaciclib in patients with metastatic
triple-negative breast cancer and other chemotherapy-treated
tumour types.

become arrested in the G1 phase of the cell cycle on
exposure to trilaciclib.” This transient, trilaciclib-induced
cell cycle arrest has been shown to provide resistance
to chemotherapy-induced cell damage by preventing
haemopoietic stem and progenitor cells from prolifer-
ating in the presence of cytotoxic chemotherapy and
favourably altering the tumour immune micro-
environment through transient T-cell inhibition when
combined with chemotherapy.**" Therefore, trilaciclib
administered before chemotherapy has the potential to
enhance immune activity in patients with triple-negative
breast cancer, while protecting bone marrow from the
cytotoxic effects of chemotherapy, potentially improving
both antitumour activity and safety. Trilaciclib differs
from approved CDK4/6 inhibitors (palbociclib,
ribociclib, and abemaciclib) in its route of administration,
dosing schedule, short halflife, and intended use.
Approved oral CDK4/6 inhibitors are dosed chronically
to inhibit CDK4/6-dependent tumour proliferation,
whereas trilaciclib is administered intravenously and in
association with chemotherapy to target normal haemo-
poietic stem and progenitor cells and lymphocyte
populations.’

Here, we report safety and activity data for patients
with metastatic triple-negative breast cancer who received
standard chemotherapy (gemcitabine and carboplatin)
with or without trilaciclib. The objectives of the study
were to assess the safety and tolerability of combining
trilaciclib with gemcitabine and carboplatin, assess
the effect of trilaciclib on chemotherapy-induced myelo-
suppression, and assess the antitumour activity of
trilaciclib plus gemcitabine and carboplatin in terms of
tumour reduction and survival.
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Methods

Study design and participants

In this multicentre, randomised, open-label, phase 2
study, we investigated use of trilaciclib (G1 Therapeutics,
manufactured by University of lowa Pharmaceuticals,
Iowa City, [A, USA) in combination with commercially
available gemcitabine and carboplatin for patients with
metastatic triple-negative breast cancer. Patients were
recruited from 26 sites in the USA, three in Serbia, two in
North Macedonia, one in Croatia, and one in Bulgaria
(appendix p 1). These sites were a mixture of academic
and community hospitals.

Patients were eligible for inclusion if they were aged
18 years and older with evaluable, biopsy-confirmed,
locally recurrent or metastatic triple-negative Dbreast
cancet, provided that the tumours were oestrogen and
progesterone receptor negative by immunohistochemistry
assessment (defined as <10% nuclei staining) and
HER?2 negative, according to American Society of Clinical
Oncology and College of American Pathologists Clinical
Practice Guidelines (ie, non-overexpressing by local
assessment of immunohistochemistry [0 or 1+] or
fluorescence in-situ hybridisation [HER2/chromosome
enumeration probe 17 ratio <2-0] or had an average
HER2 gene copy number of <4 signals per cell by local
assessment). Availability of diagnostic samples of tumour
tissue confirming triple-negative breast cancer was a
prerequisite for enrolment. Further eligibility criteria
were haemoglobin concentrations of 9-0 g/dL or higher
in the absence of red blood cell transfusion within 14 days
before the first dose of trilaciclib; absolute neutrophil
count of 1-5x109 cells per L or higher; a platelet count of
100x 109 per L or higher; an Eastern Cooperative Oncology
Group (ECOG) performance status of 0 or 1; and adequate
kidney and liver function, as determined by laboratory
tests of serum creatinine (<1-5 mg/dL or creatinine
clearance =60 mL/min), total bilirubin concentration of
1-5xupper limit of normal (ULN) or lower, and aspartate
aminotransferase and alanine aminotransferase concen-
trations of 2-5xULN or lower (or =5xULN in the
presence of liver metastases). With the exception of
alopecia, resolution of non-haematological toxicities from
previous treatment to grade 1 or lower was required.
Patients were not eligible for inclusion if they had
received more than two previous cytotoxic chemotherapy
regimens for locally recurrent or metastatic triple-
negative breast cancer. Initially, patients were not eligible
for inclusion if they had received more than one line of
therapy for locally recurrent or metastatic triple-negative
breast cancer or if they had rapid progression (less than
12 months between last chemotherapy and first
recurrence). However, after a protocol amendment on
Aug 31, 2017, the exclusion criteria were updated to
increase the number of previous lines of therapy allowable
in the locally recurrent or metastatic triple-negative breast
cancer setting from one to two, and to include a specific
definition as to how to count lines of previous therapy
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for locally recurrent or metastatic triple-negative breast
cancer. Additionally, patients with rapid progression were
eligible for inclusion. This change was made to increase
the eligible patient population without compromising
study objectives, while ensuring a more consistent
interpretation of the eligibility criteria by investigators.
The number of previous lines of therapy was determined
by investigator sites, however, because the number
determined did not always agree with that determined by
internal clinical review, both datasets were collected and
are reported here. Chemotherapy administered in the
neoadjuvant or adjuvant setting was considered a line of
therapy when fewer than 12 months had elapsed between
the last treatment and disease recurrence. Furthermore,
patients were not eligible for inclusion if they had
malignancies other than triple-negative breast cancer
within the 3 years before randomisation, central nervous
system metastases or leptomeningeal disease requiring
immediate treatment, uncontrolled ischaemic heart
disease or symptomatic congestive heart failure, known
history of stroke or cerebrovascular accident within
6 months before the first dose of trilaciclib, known serious
active infection, or any other uncontrolled serious chronic
disease or psychiatric condition that could affect patient
safety, compliance, or follow-up. Before study entry, a
2-week washout period was required for previous
radiotherapy and a 3-week washout period was required
for previous cytotoxic chemotherapy.

The study was designed and undertaken in compliance
with the principles of the Declaration of Helsinki and the
Good Clinical Practice guidelines of the International
Council for Harmonisation. The study protocol (appendix
pp 17-122) and all associated amendments and study-
related materials were approved by the institutional
review board or independent ethics committee of each
investigational site. Written, informed consent was
obtained from each patient before initiation of study
procedures. An external, independent Data Monitoring
Committee assessed accumulating safety data from the
point when the first 20 patients had been enrolled and
completed at least one cycle, with interim reviews
approximately every 4 months during the treatment
phase.

Randomisation and masking

Patients were randomly assigned (1:1:1) by an interactive
web-response system to one of three treatment groups.
Initially, randomisation was stratified by the presence of
liver metastases (yes or no) and ECOG performance
status (0 or 1). After an approved protocol amendment
(Aug 31, 2017), in which the exclusion criterion restricting
previous lines of therapy was refined, stratification
factors were changed to the number of previous lines of
systemic therapy (zero vs one or two) and the presence of
liver metastases (yes or no). This study was open-label;
therefore, patients, study staff, and investigators were not
masked to assignment.

See Online for appendix
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Procedures

Patients were randomly assigned to the following
treatments given in 21-day cycles: group 1 was given
gemcitabine and carboplatin on days 1 and 8
(chemotherapy only), group 2 was given trilaciclib before
gemcitabine and carboplatin on days 1 and 8 (trilaciclib
plus chemotherapy days 1 and 8), and group 3 was given
only trilaciclib on days 1 and 8, and trilaciclib before
gemcitabine and carboplatin on days 2 and 9 (trilaciclib
days 1 and 8, trilaciclib plus chemotherapy days 2 and 9).
Group 3 was included to test the hypothesis that a second
dose of trilaciclib before chemotherapy could increase
the proportion of haemopoietic stem and progenitor
cells in transient arrest at the time of chemotherapy
administration, thereby improving myelosuppression
outcomes. Gemcitabine was administered at 1000 mg/m?
and carboplatin at area under the concentration-time
curve (AUC) 2 pgxh/mlL, both as intravenous infusions.
Trilaciclib 240 mg/m2 was given as an intravenous
infusion over 30 min (allowable range 25-35 min) before
gemcitabine and carboplatin treatment. No dose
modifications of trilaciclib were allowed.

Treatment cycles occurred consecutively without
interruption, except when necessary to manage toxicities.
If dose reductions were required for chemotherapy they
ocurred in the following order: first, the gemcitabine
dose was reduced from 1000 mg/m?2 to 800 mg/m2;
second, the carboplatin dose was reduced from
AUC 2 pgxh/mL to AUC 1-5 pgxh/mL; third, either
carboplatin or gemcitabine was discontinued and the
other drug continued at the reduced dose; and finally, all
study drugs were permanently discontinued. Dose
reductions were allowed only once per cycle and were
permanent.

Trilaciclib was administered only if gemcitabine or
carboplatin therapy, or both, was administered. For
group 3, the interval between first dose of trilaciclib and
chemotherapy on sucessive days was no more than 28 h.
If administration of chemotherapy was delayed or
discontinued, trilaciclib was also delayed or discontinued.
Study drug administration was continued until disease
progression, unacceptable toxicity, withdrawal of consent,
or discontinuation by the investigator, whichever
occurred first.

Per protocol, samples were collected for haematological
laboratory assessment on days 1, 8, and 15 of each 21-day
cycle, regardless of treatment group. If the start of a
subsequent cycle was delayed, laboratory assessments
were done weekly (eg, days 22, 29, 36, and so on) until
the patient was able to start the next cycle or discontinued
chemotherapy permanently. Unscheduled laboratory
assessments were permitted as clinically indicated. The
use of prophylactic growth factors, including granulocyte-
colony stimulating factor (G-CSF) and granulocyte-
macrophage colony-stimulating factor, was not permitted
during cycle 1. From cycle 2 onward, growth factors were
administered per the American Society of Clinical

Oncology guidelines for neutropenia if patients had an
absolute neutrophil count of less than 1-0x 109 cells per L
on day 1 or 2, or had skipped dosing on day 8 or 9 of a
previous cycle due to an absolute neutrophil count of
less than 1-0x10% cells per L. Otherwise, supportive
care, including transfusions, was allowed as needed
throughout the treatment period. Platelets were
transfused at a threshold of 10000 per pL or less, or at a
threshold of less than 50000 per pL (100000 per pL for
CNS or ocular bleeding) in any patient with bleeding
related to thrombocytopenia. Patients with a haemoglobin
concentration of less than 8-0 g/dL or with symptomatic
anaemia could be treated with red blood cell transfusions
at the investigator’s discretion. The percentage of patients
receiving red blood cell transfusions and the number of
red blood cell transfusions received over time was
analysed from on or after week 5 and from day 1 on study
as part of a sensitivity analysis.

Assessment of antitumour response was done by the
investigator according to Response Evaluation Criteria in
Solid Tumors version 1.1. For tumour assessment, CT or
MRI was done at screening and at protocol-specified
intervals (every 9 weeks for the first 6 months, then every
12 weeks thereafter) until disease progression, withdrawal
of consent, or receipt of subsequent anticancer therapy.
Bone scans were required at screening; alternative
imaging methods could be used for follow-up assessments
of bonelesions. After a protocol amendment (Aug 31, 2017),
brain scans were also required at screening. If brain
metastases were present at screening, brain scans were
repeated with each tumour assessment.

To assess the ability of T cells to produce cytokines,
whole blood was stimulated with 5 pg/mL staphylococcal
enterotoxin B overnight (15-18 h) in the presence of
Brefeldin A. Cells were processed and labelled with
fluorophore-labelled antibodies against IFN-y, IL-17A,
CD3, and CD8 and assessed by flow cytometry (BD
FACSCalibur and FACSCanto II clinical cell analysers;
BD Biosciences, Franklin Lakes, NJ, USA) by Covance
Central Laboratory Services (Indianapolis, IN, USA and
Geneva, Switzerland). Flow cytometry data were analysed
by Fios Genomics (appendix p 2).

Using two established signatures (Prosigna Breast
Cancer Prognostic Gene Signature Assay [PAM50]* and
Lehmann triple-negative breast cancer type 1-4°%),
patient tumours were characterised as CDK4/6 inde-
pendent, dependent, or indeterminate. Because triple-
negative breast cancer is predominantly a functionally
CDK4/6-independent disease, despite a genomic retino-
blastoma inactivation rate of only 20%, these signatures
were chosen to provide a more comprehensive analysis of
CDK4/6 sensitivity. Using the PAM50 signature, CDK4/6
independence correlates with basal-like tumours. Because
their reliance on the CDK4/6 pathway for proliferation
is either unknown or heterogeneous, the remaining
PAMS50 signature groups (including HER2, normal-
like, luminal A, and luminal B) are categorised as
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CDK4/6 indeterminate.” Conversely, using the Lehmann
signature, CDK4/6 dependence is closely correlated
with luminal-androgen receptor tumours, whereas the
remaining Lehmann signature groups (including basal-
like and mesenchymal) are categorised as CDK4/6
indeterminate for the same reasoning as outlined for the
PAMS0 signature.” Additional details of the prespecified
T-cell activation analyses and CDK4/6 dependence
subtyping are in the appendix (p 2).

Safety was monitored continuously throughout the
study, from provision of informed consent until 30 days
after the last dose of study treatment. Safety assessments
included analyses of treatment duration and dose modi-
fications, assessments of treatment-emergent adverse
events and serious treatment-emergent adverse events,
infusion-related reactions, laboratory safety assessments,
vital signs, physical examination, and electrocardiography.
Treatment-emergent adverse events were summarised
according to grade (Common Terminology Criteria for
Adverse Events [CTCAE] version 4.03) and association
with study drug.

Since the primary toxicity of chemotherapy is myelo-
suppression (which trilaciclib was hypothesised to
reduce), several haematological parameters were assessed
across multiple haemopoietic lineages, including the
incidence and severity of haematological adverse events,
laboratory values (absolute neutrophil count, haemoglobin
concentration, and platelet count), supportive care
interventions (red blood cell and platelet transfusions, use
of G-CSF), and dose intensity and incidence of
gemcitabine and carboplatin dose reductions. Full details
of all parameters are included in the appendix (p 2).

Outcomes

The primary objective was to assess the safety and
tolerability of trilaciclib given with chemotherapy. The
primary endpoints were defined in the statistical analysis
plan (Sept 28, 2018; prior to database lock) as the duration
duration of severe neutropenia (severe neutropenia is
defined as CTCAE grade 4, absolute neutrophil count
<0-5x109 cells per L) in cycle 1 and occurrence of severe
neutropenia during the treatment period. Duration of
severe neutropenia in cycle 1 was defined as the number
of days from the date of the first absolute neutrophil
count value of less than 0-5x10? cells per L to the date of
the first absolute neutrophil count value of 0-5x109 cells
per L or higher without observing absolute neutrophil
count values of less than 0-5x109 cells per L until the
end of the cycle. Duration of severe neutropenia was set
to zero days for patients who did not have severe
neutropenia in cycle 1. The occurrence of severe
neutropenia was a binary endpoint defined as those
having one or more readings of absolute neutrophil
count below 0-5x109 cells per L during the treatment
period. Both scheduled and unscheduled haematological
laboratory results were included in the analysis of both
primary endpoints. A clinically relevant level of

www.thelancet.com/oncology Vol 20 November 2019

0-5x109 cells per L was chosen for the primary analysis
on the basis of the clinical link between severe
neutropenia and an increased risk of infection and
morbidity and mortality.

Key secondary endpoints included the occurrence of
red blood cell transfusions on or after week 5, G-CSF
administrations, platelet transfusions, all-cause dose
reductions, and overall survival. The exclusion of red
blood cell transfusions before week 5 on study was based
on the halflife of red blood cells (approximately
8-9 weeks) and to ensure that analyses of potential
benefit were not confounded by the residual effect of
previous treatment. Occurrence of red blood cell and
platelet transfusions was a binary endpoint (yes or no)
and the total number of transfusions was a count
endpoint (number of transfusions with a unique start
date). Overall survival was calculated as the time (in
months) from the date of randomisation to the date of
death due to any cause.

Supportive secondary antitumour activity endpoints
that are reported here are the proportion of patients who
achieved an objective response (defined as a confirmed
complete or partial response), and progression-free
survival. We calculated clinical benefit rate using data
from any patient who had a complete or partial response
at any time after treatment or stable disease for 24 weeks
or longer; if a patient did not have a complete or partial
response and duration of stable disease was indeter-
minate, they were considered not evaluable. Progression-
free survival was defined as the time (in months) from
the date of randomisation until the date of radiologically
confirmed disease progression or death due to any cause,
whichever came first. A full list of supportive secondary
and exploratory endpoints, as defined in the statistical
analysis plan, is in the appendix (p 2) and will be reported
elsewhere.

Statistical analysis

We originally determined the sample size for the
assessment of safety and tolerability of trilaciclib when
administered in combination with gemcitabine and
carboplatin. In conjunction with regional regulatory input,
we subsequently refined analyses of specific endpoints
across the trilaciclib development programme and
prespecified in the statistical analysis plan to show
superiority of group 3 over group 1 with 90% power for at
least one primary endpoint (either duration of severe
neutropenia in cycle 1 or occurrence of severe neutro-
penia). We used an equally-weighted Bonferroni procedure
to maintain the overall two-sided type I error rate at
0-05 and calculated that 64 patients (32 per group) were
needed to detect a 3 day reduction of duration of severe
neutropenia in cycle 1 with a common SD of 2-5 days or a
41 percentage point absolute reduction in the proportion of
patients with severe neutropenia (ie, 45% for group 1 and
4% for group 3). Assuming a 5% attrition rate, we needed
102 patients in total (34 per group).
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| 142 patients screened |

_;| 40 did not meet eligibility criteria

A4

| 102 randomly assigned to treatment |

v

A 4

v

34 assigned to gemcitabine and carboplatin
only (group 1)

33 assigned to trilaciclib plus gemcitabine and
carboplatin days 1 and 8 (group 2)

35 assigned to trilaciclib only on days 1 and 8
and trilaciclib plus gemcitabine and
carboplatin on days 2 and 9 (group 3)

4 not treated
3 withdrew consent
1 other reason*

—»

v

A 4

v

30 given study drug (safety population)

33 given study drug (safety population)

35 given study drug (safety population)

29 discontinued study drug
16 disease progression
9 adverse events
2 withdrew consent

31 discontinued study drug
15 disease progression
9 adverse events
1death

35 discontinued study drug
13 disease progression
10 adverse events
1death
7 investigator decision
4 withdrew consent

2otherreason ~ [7T777% > 1investigator decision
3 withdrew consent
1discontinued chemotherapy
1 other reason

| 1 study drug ongoing | | 2 study drug ongoing

| 0 study drug ongoing |

v v

v

v : v

| 34 included in intention-to-treat analysis |<

| 33 included in intention-to-treat analysis |<

: v :

| 35 included in intention-to-treat analysis |<

Figure 1: Trial profile

Data correct as of May 17, 2018. *Patient's screening tests expired and they did not meet eligibility criteria upon re-screening.

We used a non-parametric analysis of covariance to
assess treatment group differences for duration of
severe neutropenia in cycle 1 using stratification factors
and treatment as fixed effects, with baseline absolute
neutrophil count value as a covariate. For occurrence of
severe neutropenia, G-CSF administration, red blood
cell transfusions on or after week 5, and platelet
transfusions, we used a modified Poisson regression
model” to assess the treatment effect. The model
included the same fixed terms as used for duration of
severe neutropenia, with baseline absolute neutrophil
count as the covariate for severe neutropenia and
G-CSF administration analyses, baseline haemoglobin
concentration as the covariate for red blood cell
transfusion analysis and baseline platelet count as the
covariate for platelet transfusion analysis. Duration of
treatment (in weeks) was adjusted in this model. From
day 1 on study, we analysed the percentage of patients
receiving red blood cell transfusions and the number of
red blood cell transfusions over time as part of a
sensitivity analysis. For the number of red blood cell
transfusions on or after week 5 and platelet transfusions,

we used a negative binomial regression model to assess
treatment effect. The model included the same fixed
terms as used for duration of severe neutropenia, with
baseline haemoglobin as the covariate for red blood cell
transfusion analysis and baseline platelet count as the
covariate for platelet transfusion analysis. Duration of
treatment (in weeks) was adjusted in this model. We
also analysed the number of all-cause dose reductions
using a negative binomial regression model, which
included only stratification factors and treatment as
fixed effects, and was adjusted for the number of cycles.
We controlled the family-wise type I error rate of
0-025 (one-sided) across the primary and key secondary
myelosuppression endpoints using a Hochberg-based
gatekeeping procedure.”® We report model-based point
estimates along with 95% Cls.

We analysed treatment group differences in objective
response by use of an exact Cochran-Mantel-Haenszel
method accounting for the stratification factors.
We calculated the 95% CIs for the proportion of patients
who achieved an objective response using the exact
Clopper-Pearson method. For time-to-event variables,
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such as duration of response, progression-free survival,
and overall survival, we used the Kaplan-Meier method
to estimate the median time and its 95% CI. We tested
treatment group differences using the stratified log-
rank test to account for the stratification factors.
We calculated hazard ratios (HRs) and their associated
95% Cls from the Cox proportional hazards model,
with treatment and stratification factors as fixed effects.

The statistical analysis plan prespecified the primary
statistical comparison for the primary and key secondary
endpoints to be between group 3 and group 1, and
prespecified secondary comparisons were to be between
group 2 and group 1, and between the combined
trilaciclib groups and group 1.

We undertook activity analyses using the intention-to-
treat (ITT) population on the basis of assigned treatment
for myelosuppression and antitumour activity endpoints,
with the exception of tumour response endpoints
(objective response and clinical benefit), which were
analysed in patients who received at least one dose of
study drug, had measurable target lesions at the baseline
tumour assessment, and either had at least one tumour
assessment after treatment (or no tumour assessment
after treatment but had clinical progression as noted by
the investigator) or had died due to disease progression
before their first tumour scan after treatment (response
evaluable population). Duration of survival follow-up
was calculated from date of randomisation to date of
death or the last contact date as of the antitumour activity
data cutoff on May 17, 2019. Safety analyses included all
patients who received at least one dose of study
medication. We adjusted the stratification factors
(number of previous lines of systemic therapy and liver
involvement) in statistical models.

We did additional prespecified analyses assess T-cell
function. We report the mean frequency of the IFN-y
positive T-cell population after ex-vivo stimulation by
group along with 95% Cls.

We did prespecified subgroup analyses for progression-
free survival and overall survival to assess consistency of
treatment effect (ie, age group, race, liver involvement,
country, ECOG performance status, number of previous
lines of therapy, BRCA classification, and histological
triple-negative breast cancer classification).

To address the theoretical risk that trilaciclib could
decrease antitumour activity in patients with CDK4/6
dependent tumours by arresting CDK4/6-dependent
tumour cells during chemotherapy, we did an additional
prespecified subgroup analysis of the antitumour
activity endpoints (objective response, progression-free
survival, and overall survival) using two established
signatures (PAM50“ and Lehmann triple-negative
breast cancer type 1-4"%) to characterise patient
tumours as CDK4/6 independent, dependent, or
indeterminate (appendix p 2).

We also did a post-hoc analysis of antitumour activity
endpoints (objective response, progression-free survival,
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Chemotherapy only  Trilaciclib plus Trilaciclib (day 1
group (group 1; chemotherapy and 8), trilaciclib plus
n=34) (day 1and 8) chemotherapy (day 2
group (group 2; and 9) group (group 3;
n=33) n=35)
Sex
Female 34 (100%) 32 (97%) 35 (100%)
Male 0 1(3%)* 0
Age, years
Median 55 (43-64) 55 (47-66) 58 (49-65)
18to <65 26 (76%) 24 (73%) 26 (74%)
65t075 6 (18%) 7 (21%) 9 (26%)
>75 2 (6%) 2 (6%) 0
Race
White 28 (82%) 22 (67%) 28 (80%)
Black or African American 5 (15%) 7 (21%) 2 (6%)
Asian 0 2 (6%) 4 (11%)
Other 1(3%) 2 (6%) 1(3%)
Country
USA 28 (82%) 28 (85%) 27 (77%)
Outside of USA 6 (18%) 5 (15%) 8 (23%)
Hormone receptor status
Oestrogen
<1% 31(91%) 30(91%) 33 (94%)
1-10% 2 (6%) 2 (6%) 2 (6%)
Oestrogen negative, othert 1(3%) 1(3%) 0
Progesterone
<1% 29 (85%) 29 (88%) 34 (97%)
1-10% 4(12%) 3(9%) 1(3%)
Progesterone negative, othert 1(3%) 1(3%) 0
ECOG performance status
0 (44%) 17 (52%) 1(60%)
1 19 56%) 16 (48%) 14 (40%)
Liver involvement 8 (24%) 8 (24%) 10 (29%)
Received neoadjuvant or adjuvant 24 (71%) 23 (70%) 5(71%)
chemotherapy
Previous lines of therapy
Interactive web-response system
0 21(62%) 22 (67%) 21 (60%)
lor2 13 (38%) 11(33%) 14 (40%)
Clinical review
0 18 (53%) 19 (58%) 17 (49%)
1 11 (32%) 11(33%) 14 (40%)
2 5 (15%) 3(9%) 4 (11%)
Data are n (%) or median (IQR). ECOG=Eastern Cooperative Oncology Group. *One male patient was enrolled, but was
later found to have an incorrect diagnosis of triple-negative breast cancer; his disease was pathologically confirmed as
metastatic renal cell carcinoma. tPatients were determined by treating physician to have a diagnosis of triple-negative
breast cancer, but not all pathology reports were available for review; includes one patient in group 1 who was
randomly assigned, but not given study treatment.
Table 1: Baseline demographic and clinical characteristics

and overall survival) based on the overall median
number of cycles patients received during the study.
The analysis was done in patients grouped according
to whether they had received 1-7 cycles or more
than 7 cycles.
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Chemotherapy  Trilaciclib plus  Trilaciclib (day 1 p value*
only group chemotherapy and 8), trilaciclib plus
(group1;n=34) (day1and8) chemotherapy (day2
group and 9) group
(group 2; (group 3; n=35)
n=33)
Duration of severe neutropeniain ~ 0-8 (2-4) 1.5(3:5) 1.0 (2:6) 0-70§
cycle 1, dayst#
Patients with severe 9 (26%) 12 (36%) 8 (23%) 0-70§
neutropeniatq
All-cause dose reductions, n per 141 118 133 0-98
100 cycles||**
Patients with G-CSF 16 (47%) 21 (64%) 14 (40%) 014
administrationq
Patients with red blood cell 12 (35%) 11 (33%) 8 (23%) 0-075

transfusion on or after week 59

Red blood cell transfusions on or 46 19 1.6 0-020
after week 5, n per 100 weeks**

Patients with platelet

transfusionsq]

Platelet transfusions,

n per 100 weeks**

Data are mean (SD), n, or n (%). Based on data as of July 30, 2018. G-CSF=granulocyte-colony stimulating factor.

*For comparison between groups 3 and 1. tPrimary endpoint. ip value obtained from a non-parametric analysis of
covariance. SMultiplicity adjusted one-sided p value, all other p values are two-sided. qp value obtained from a
modified Poisson model. || Total number of all-cause dose reductions was the number of cycles with at least one dose
reduction—if a patient did not have any dose reduction, they were assigned a value of 0. **p value was obtained from a
negative binomial model.

4(12%) 3(9%) 6 (17%) 0-98

19 0-4 12 0-61

Table 2: Myelosuppression endpoints summary
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We did all statistical analyses using SAS software
(version 9.4). This study is registered with EudraCT,
2016-004466-26 and ClinicalTrials.gov, NCT02978716.

Role of the funding source

The funder had a role in study design, data collection,
data analysis, data interpretation, and writing of the
report. The corresponding author had full access to all
the data in the study and had final responsibility for the
decision to submit for publication.

Results
Between Feb 7, 2017, and May 15, 2018, 142 patients were
screened, and 102 eligible patients were randomly
assigned to the chemotherapy alone group (group 1;
n=34), the trilaciclib plus chemotherapy group (group 2;
n=33), or in the trilaciclib (day 1 and 8), trilaciclib plus
chemotherapy (day 2 and 9) group (group 3; n=35; ITT
population). 98 (96%) received at least one dose of study
drug (safety analysis population; figure 1). Baseline
demographic characteristics were similar between the
treatment groups (table 1). 38 (37%) of 102 patients had
received one or two previous lines of chemotherapy, and
26 (25%) had liver metastases. Median follow-up was
8-4 months (IQR 3-8-13-6) for group 1, 12-7 months
(5-5-17-4) for group 2, and 12-9 months (6-7-16-8) for
group 3.

The addition of trilaciclib to gemcitabine and carbo-
platin did not result in significant improvements in the

predetermined, primary myelosuppression endpoints.
During cycle 1, mean duration of severe neutropenia was
0-8 day (SD 2-4) in group 1, 1-5 days (3-5) in group 2,
and 1-0 day (2-6) in group 3 (group 3 vs group 1 one-
sided adjusted p=0-70). Severe neutropenia occurred in
nine (26%) of 34 patients in group 1, 12 (36%) of
33 patients in group 2, and eight (23%) of 35 patients in
group 3 (p=0-70; table 2). The number of red blood cell
transfusions on or after week 5 per 100 weeks decreased
in both trilaciclib groups (4-6 in group 1vs1-9 in group 2
and 1-6 in group 3; p=0-020). The red blood cell
transfusion data collected from day 1 (sensitivity analysis)
on study was similar to that observed when data before
week 5 were excluded (appendix p 7). We found no
significant differences in the number of patients who
were administered G-CSF or undergoing platelet
transfusions (table 2). Data cutoff for the primary
endpoints and key secondary myelosuppression
endpoints was July 30, 2018, when data supporting these
endpoints were considered final.

Data cutoff for antitumour activity (objective
response, overall survival, progression-free survival),
safety, and drug exposure (ie, dose reductions), was
May 17, 2019. The number of patients with at least one
carboplatin dose reduction was ten (33%) in group 1,
13 (39%) in group 2, and 15 (43%) in group 3. For
gemcitabine, 13 (43%) patients in group 1, 20 (61%)
patients in group 2, and 17 (49%) patients in group 3
had at least one dose reduction. Adding trilaciclib to
gemcitabine and carboplatin increased the duration of
exposure and cumulative dose of gemcitabine and
carboplatin compared with patients treated with
gemcitabine and carboplatin alone. Median duration
of treatment was 101 days (IQR 63-203 [median of
four cycles]) in group 1, 161 days (77-287 [median
of seven cycles]) in group 2, and 168 days (91-217
[median of eight cycles]) in group 3. The median
cumulative dose of carboplatin was AUC 15 pgxh/mL
(IQR 8-28) in group 1versus AUC 24 pgxh/mL (10-40)
in group 2 and AUC 22 pgxh/mL (15-34) in group 3.
For gemcitabine, the median cumulative dose increased
to 7306-2 mg/m? (4020-1-15138-9) in group 1, to
12000-0 mg/m2 (5029-4-21882-7) in group 2 and
11800-1 mg/m2 (7000-0-17446-9) in group 3. Despite
a longer duration of gemcitabine and carboplatin
for patients who received trilaciclib, haematological
treatment-emergent adverse events occurred as fre-
quently or less frequently in the trilaciclib groups as in
the chemotherapy alone group (table 3).

All but one patient (in group 3) had one or more
treatment-emergent adverse event. For most patients,
treatment-emergent adverse events were considered to
be drug related. The most common treatment-emergent
adverse events were anaemia (22 [73%] of 34), neutro-
penia (21 [70%)]), and thrombocytopenia (18 [60%]) in
group 1; neutropenia (27 [82%)]) of 33), thrombocyto-
penia (18 [55%]) and anaemia (17 [52%]) in group 2;
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Chemotherapy only group Trilaciclib plus chemotherapy Trilaciclib (day 1 and 8), trilaciclib plus
(group 1; n=30) (day 1and 8) group (group 2; n=33)  chemotherapy (day 2 and 9) group
(group 3; n=35)

Gradeland2 Grade3 Grade 4 Gradeland2 Grade3 Grade 4 Gradeland2 Grade3 Grade 4
Anaemia*® 8 (27%) 14(47%) O 9 (27%) 8(4%) O 4 (11%) 11 (31%) 0
Neutropeniat 1(3%) 12 (40%)  8(27%) 1(3%) 14 (42%) 12 (36%) 3(9%) 13 (37%) 7 (20%)
Thrombocytopenia$ 3 (10%) 8(27%)  7(23%) 9 (27%) 3(9%) 6 (18%) 7 (20%) 9 (26%) 6 (17%)
Fatigue 10 (33%) 1(3%) 0 13 (39%) 1(3%) 0 13 (37%) 2 (6%) 0
Vomiting 7 (23%) 1(3%) 0 6 (18%) 1(3%) 0 11 (31%) 0 0
Nausea 7(23%) 0 0 14 (42%) 0 0 16 (46%) 1(3%) 0
Leucopenia$§ 2 (7%) 4 (13%) 1(3%) 2 (6%) 5(15%) 0 2 (6%) 1(3%) 0
Dizziness 6 (20%) 0 0 4 (12%) 0 0 6 (17%) 0 0
Headache 6 (20%) 0 0 9 (27%) 0 0 13 (37%) 1(3%) 0
Constipation 5(17%) 0 0 8 (24%) 0 0 9 (26%) 0 0
Diarrhoea 3(10%) 1(3%) 0 8 (24%) 0 0 5 (14%) 0 0
Pain 2 (7%) 2 (7%) 0 2(6%) 0 0 3(9%) 0 0
Urinary tract infection 4 (13%) (0] 0 2 (6%) 1(3%) 0 3 (9%) 0 0
Alanine aminotransferase 3(10%) 0 0 2 (6%) 2 (6%) 0 3(9%) 1(3%) 0
increased
Arthralgia 3(10%) 0 0 6 (18%) 0 2 (6%) 1(3%) 0
Aspartate aminotransferase 3 (10%) 0 0 2 (6%) 2 (6%) 0 3(9%) 1(3%) 0
increased
Back pain 3 (10%) 0 0 6 (18%) 1(3%) 0 3(9%) 0 0
Breast pain 3(10%) 0 0 0 1(3%) 0 0 0 0
Depression 3(10%) 0 0 5(15%) 0 0 0 1(3%) 0
Dyspnoea 2 (7%) 1(3%) 0 7 (21%) 1(3%) 0 5(14%) 1(3%) 0
Hypokalaemia 3 (10%) 0 0 3 (9%) 1(3%) 0 3(9%) 1(3%) 0
Cellulitis 0 2 (7%) 0 0 0 0 0 0 0
Cough 2 (7%) 0 0 7 (21%) 0 0 7 (20%) 0 0
Hypertension 1(3%) 1(3%) 0 1(3%) 0 0 0 1(3%) 0
Musculoskeletal chest pain 1(3%) 1(3%) 0 2 (6%) 0 0 3(9%) 0 0
Pain in extremity 1(3%) 1(3%) 0 3(9%) 1(3%) 0 3(9%) 0 0
Abdominal pain 1(3%) 0 0 2 (6%) 1(3%) 0 1(3%) 1(3%, 0
Abdominal pain upper 1(3%) 0 0 3(9%) 0 0 2 (6%) 1(3%) 0
Acute myocardial infarction 0 1(3%) 0 0 0 0 0 (0] 0
Ascites 0 1(3%) 0 0 0 0 0 0 0
Chronic obstructive 1(3%) 0 (0] 0 1(3%) 0 0 0 0
pulmonary disease
Diabetic ketoacidosis 0 1(3%) 0 0 0 0 0 0 0
Enteritis 0 13%) 0 0 0 0 0 0 0
Faecaloma 0 1(3%) 0 0 0 0 0 0 0
Febrile neutropenia 0 1(3%) 0 0 1(3%) 0 0 0 0
Granulocytopenia 0 1(3%) 0 0 0 0 0 0 0
Hyperglycaemic 0 0 1(3%) 0 0 0 0 0 0
hyperosmolar nonketotic
syndrome
Hypocalcaemia 0 1(3%) 0 0 1(3%) 0 0 0 0
Hyponatremia 0 1(3%) 0 0 1(3%) 1(3%) 1(3%) 1(3%) 0
Hypotension 0 1(3%) 0 0 0 0 2 (6%) 0 0
Lymphopeniafl 0 1(3%) 0 0 1(3%) 0 1(3%) 0 0
Mental status change 0 1(3%) 0 0 0 0 1(3%) 0 0
Nasal congestion 1(3%) 0 0 1(3%) 1(3%) 0 4 (11%) 0 0
Pneumonia 0 1(3%) 0 2 (6%) 0 0 0 0 0
Pulmonary embolism 1(3%) 0 0 0 1(3%) 1(3%) 0 0 0

(Table 3 continues on next page)
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Chemotherapy only group Trilaciclib plus chemotherapy (day1  Trilaciclib (day 1 and 8), trilaciclib plus
(group 1; n=30) and 8) group (group 2; n=33) chemotherapy (day 2 and 9) group
(group 3; n=35)
Gradeland2 Grade3 Grade 4 Gradeland2 Grade3 Grade 4 Gradeland2 Grade3 Grade 4
(Continued from previous page)
Septic shock 0 0 1(3%) 0 0 0 0 0 0
Varices oesophageal 0 1(3%) 0 0 0 0 0 0 0
Acute respiratory failure 0 0 0 0 0 1(3%) 0 0 0
Bacteraemia 0 0 0 0 1(3%) 0 0 0 0
Cardiac arrest 0 0 0 0 0 0 0 0 1(3%)
Embolism 0 0 0 0 13%) O 0 0 0
Flank pain 0 0 0 1(3%) 1(3%) 0 0 1(3%) 0
Haemoglobin decreased 0 0 0 1(3%) 1(3%) 0 0 0 0
Hypercalcaemia 0 0 0 0 0 0 0 1(3%) 0
Hypophosphatemia 0 0 0 2 (6%) 1(3%) 0 0 3(9%) 0
Lumbar vertebral fracture 0 0 0 0 1(3%) 0 0 0 0
Myositis 0 0 0 0 1(3%) 0 0 0 0
Non-cardiac chest pain 0 0 0 1(3%) 0 0 1(3%) 1(3%) 0
Normochromic normocytic ~ 0 0 0 0 1(3%) 0 0 0 0
anaemia
Oesophageal stenosis 0 0 0 0 1(3%) 0 0 0 0
Pericardial effusion 0 0 0 0 1(3%) 0 0 0 0
Pleural effusion 0 0 0 2 (6%) 1(3%) 0 0 0 0
Pleuritic pain 0 0 0 1(3%) 0 0 0 1(3%) 0
Subdural haematoma 0 0 0 0 0 0 0 1(3%) 0
Suicidal ideation 0 0 0 0 0 0 0 1(3%) 0
Supraventricular 0 0 0 0 1(3%) 0 1(3%) 0 0
tachycardia
Syncope 0 0 0 0 1(3%) 0 0 0 0
Data are n (%) and treatment-emergent adverse events are ordered from highest frequency to lowest frequency in group 1. Safety analysis population, based on data cut-off of
May 17, 2019; treatment-emergent adverse events (all grades) reported in 20% or more of patients overall and all grade 3 and 4 treatment-emergent adverse events are included;
one death due to a treatment-emergent adverse event was reported in group 1 (right ventricular failure). *Includes anaemia, anaemia macrocytic, decreased red blood cell count,
and decreased haemoglobin concentration. fIncludes neutropenia and decreased neutrophil count. tIncludes thrombocytopenia and decreased platelet count. Sincludes
leucopenia and decreased white blood cell count. lincludes lymphopenia and decreased lymphocyte count.
Table 3: Summary of treatment-emergent adverse events

and neutropenia (23 [66%] of 35), thrombocytopenia
(22 [63%]), and nausea (17 [49%)]) in group 3 (table 3;
appendix pp 8-10). Febrile neutropenia occurred in
one patient in group 1 and one patient in group 2
(table 3). Serious treatment-emergent adverse events
were reported in ten (33%) patients in group 1 and
11 (33%) in group 2, and four (11%) in group 3. All serious
treatment-emergent adverse events occurred in two or
fewer patients (appendix pp 11-13). No serious treatment-
emergent adverse events or treatment-emergent adverse
events leading to permanent discontinuation were
deemed to be related to trilaciclib. There were 45 deaths;
20 in group 1 (disease progression [n=17], treatment-
emergent adverse event [n=1; right ventricular failure
deemed unrelated to treatment], other [n=2]), 11 in
group 2 (disease progression [n=9)], other [n=2]), and
14 in group 3 (disease progression [n=13], other [n=1]).
Similar numbers of patients in each group reported a
treatment-emergent adverse event that led to discon-
tinuation of any study drug: ten (33%) in group 1,

14 (42%) in group 2, and 11 (31%) in group 3. Most
treatment-emergent adverse events leading to discon-
tinuation occurred in two or fewer patients, with the
exception of thrombocytopenia, which resulted in the
discontinuation of any study drug in eight (27%) patients
in group 1, five (15%) in group 2, and nine (26%) in
group 3, and neutropenia, which led to discontinuation
in two (7%) patients in group 1, nine (27%) in group 2,
and four (11%) in group 3.

Among patients evaluable for response, the proportion
who achieved an objective response was eight (33%)
of 24 in group 1 versus 15 (50%) of 30 in group 2 and
11 (37%) of 30 in group 3 (table 4). Progression-free
survival is shown in table 4 and figure 2A. Patients
enrolled in both trilaciclib groups had significantly
longer overall survival than those enrolled in group 1
(table 4; figure 2B). The results of pooled subgroup
analyses showed that the observed progression-free
survival and overall survival benefits were consistent
across subgroups (figure 3).
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calculated using the stratified log-rank test to account for stratification factors.

Chemotherapyonly  Trilaciclib plus Trilaciclib (day 1 and 8), Combined trilaciclib
group (group 1; chemotherapy (day 1 trilaciclib plus groups (n=68)
n=34) and 8) group chemotherapy (day 2 and
(group 2; n=33) 9) group (group 3; n=35)
Best overall response
Response evaluable population 24 30 30 60
Complete response 1(4%) 0 0 0
Partial response 7 (29%) 15 (50%) 11 (37%) 26 (43%)
Stable disease 10 (42%) 9 (30%) 15 (50%) 24 (40%)
Progressive disease 6 (25%) 5 (17%) 3 (10%) 8 (13%)
Not evaluable* 0 1(3%) 1(3%) 2 (3%)
Clinical benefit for 24 weeks 9 (38%) 17 (57%) 13 (43%) 30 (50%)

Not evaluablet 5(21%) 7 (23%) 11 (37%) 18 (30%)
Proportion of patients with an objective 8 (33%, 15-6-55-3) 15 (50%, 31:3-68-7) 11 (37%, 19-9-56-1) 26 (43%, 30-6-56-8)
response (95% Cl)

p valuet 0-23 0-68 0-37

Progression-free survival
Patients with events 18 (53%) 19 (58%) 18 (51%) 37 (54%)
Median progression-free survival, months (95% Cl) 5.7 (3:4-9-2) 9-4 (6-1-13-0) 7-3(6-2-12.9) 8-8 (6:4-10-9)
Hazard ratio (95% Cl) 0-60 (0-30-1-18) 0-59 (0-30-1-16) 0-59 (0-33-1:05)
p value§ 013 0-12 0-063
Overall survival
Number who died 20 (59%) 11 (33%) 14 (40%) 25 (37%)
Median overall survival, months (95% Cl) 12:6 20-1 17-8 20-1
(6-3-15-6) (10-2-not reached) (12-9-not reached) (15-3-not reached)
Hazard ratio (95% Cl) 0-33(0-15-0-74) 0-34 (0-16-0-70) 036 (0-19-0-67)
p value§ - 0-028 0-0023 0-0015
Median duration of follow-up, months (IQR) 8-4(3-8-13-6) 127 (5-5-17-4) 12.9 (6-7-16-8) 127 (6:4-17-1)

Data are median (IQR), n (%), or point estimate with 95% Cl in parentheses. Based on data as of May 17, 2019. *Includes patients who withdrew consent or did not have a
tumour assessment during the study. fIf a patient did not have a complete or partial response and duration stable disease was indeterminate, they were considered not
evaluable. $The two-sided p-value was calculated using stratified exact Cochran-Mantel-Haenszel method to account for the stratification factors. STwo-sided p value was

Table 4: Antitumour activity results

A prespecified assessment of objective response,
progression-free survival, and overall survival across and
within groups 1, 2, and 3 for tumours categorised as
CDK4/6 independent, dependent, or indeterminate did
not reveal any results favouring one tumour subtype over
another (appendix p 16).

Although the addition of trilaciclib to gemcitabine
and carboplatin did not preserve lymphocyte counts
or enhance T-cell activation (appendix p 4-5), in a
prespecified analysis we saw a higher frequency of
CD8+ T cells producing IFN-y after ex-vivo stimulation
in patients treated with gemcitabine and carboplatin plus
trilaciclib than in patients treated with chemotherapy
alone (ie, group 1; appendix p 6).

Results from a post-hoc analysis of antitumour effects
according to median number of cycles (1-7 vs >7 cycles)
are provided in the appendix (pp 14-15).

Discussion

The addition of trilaciclib did not result in a significant
improvement in the prespecified primary endpoints of
duration and occurrence of severe neutropenia. However,
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we saw a clinically meaningful improvement in overall
survival with trilaciclib (both dosing schedules) compared
with gemcitabine and carboplatin alone. The median
overall survival for gemcitabine and carboplatin alone is
consistent with published literature for patients with
metastatic triple-negative breast cancer treated in a similar
setting.’ In a phase 3 study of iniparib plus gemcitabine
and carboplatin versus gemcitabine and carboplatin alone
in patients who had received zero, one, or two previous
chemotherapy regimens for metastatic disease, median
overall survival among 258 patients treated with
gemcitabine and carboplatin alone was 11-1 months.®
Similarly, in a study of combination chemotherapy for the
first-line treatment of patients with metastatic triple-
negative breast cancer, median overall survival was
12-1 months with gemcitabine and carboplatin.”
Transient trilaciclib-induced cell cycle arrest has been
shown to provide resistance to chemotherapy-induced
cell damage by preventing haemopoietic stem and
progenitor cells from proliferating in the presence of
cytotoxic chemotherapy and favourably altering the
tumour microenvironment when combined with
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Progression-free survival (%)
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Figure 2: Kaplan-Meier curves for progression-free survival (A) and overall survival (B)

chemotherapy.” Emerging clinical data from the present
study, combined with results from the assessment of
trilaciclib in patients with small-cell lung cancer,” suggest
that the consequences of CDK4/6 inhibition by trilaciclib
might depend on the type of chemotherapy, the schedule
of chemotherapy, and tumour type. In some clinical
situations, the benefits of trilaciclib might manifest as
either antitumour activity, decreased chemotherapy-
induced myelosuppression, or both of these effects.
Non-clinical and clinical data®"* suggest that trilaciclib
antitumour activity benefit is an immune-mediated event,

during which both the type of chemotherapy and tumour
are likely to be relevant (ie, chemotherapy that induces
immunogenic cell death, and tumours with a micro-
environment more favourable to immune modulation
would be predicted to support trilaciclib antitumour
activity). For example, although small-cell lung cancer is
characterised by a high degree of genomic instability and
smoking-associated mutational profile, small-cell lung
cancer tumours have reduced levels of both major
histocompatibility complex class I and class II, a known
method of escaping antitumour immunity.” Therefore,
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A
Patients/Events (%) Hazard ratio
Group 1 Combined groups 2 and 3 (95%Cl)

Age

<65 years 26/13(50%)  50/29 (58%) — m 0-81(0-42-1-59)

=65 years 8/5 (63%) 18/8 (44%) » 0-07 (0-01-0-48)
Race

White 28/14(50%)  50/26 (52%) — m 0-54 (0-28-1-06)

Non-white 6/4 (67%) 18/11 (61%) = 0-41(0-10-1-64)
Liver involvement

Yes 8/8(100%)  18/12 (67%) — 0-37 (0-13-1-04)

No 26/10(39%)  50/25 (50%) —a—— 0-74(0-35-1:58)
Country

USA 28/15 (54%) 55/29 (53%) —— 0-43 (0-21-0-87)

Non-USA 6/3 (50%) 13/8 (62%) » 1.02 (0-25-4-10)
ECOG performance status

0 15/9 (60%) 38/20 (53%) — 0-44 (0-19-1-03)

1 19/9 (47%) 30/17 (57%) —a— 077 (0-31-1-89)
Previous lines of therapy

0 21/12 (57%)  43/25(58%) | 0-63 (0-30-1-31)

lor2 13/6 (46%) 25/12 (48%) — = 038 (0-12-1-19)
BRCA classification

Unknown 21/12 (57%) 45/25 (56%) ——— 0-65 (0-32-1-32)

Mutation positive 4/0 (0%) 4/1(25%) NE (NE-NE)
Histological triple-negative breast cancer classification

Pure 25/13 (52%) 46/23 (50%) —— 0-56 (0-27-1-14)

Acquired 715 (71%) 18/11 (61%) _— . 0-35(0-10-1-19)
Overall 34/18(53%)  68/37 (54%) — 0-59 (0-33-1-05)

0-0‘16 0-531 0-0‘62 0-1‘25 0-‘25 0!5 1.0 2-‘0 4!0

B
Age

<65 years 26/15(58%)  50/21 (42%) — 0-45 (0-23-0-91)

265 years 8/5 (63%) 18/4 (22%) - 0-13 (0-03-0-63)
Race

White 28/17 (61%) 50/16 (32%) [ 026 (0-12-0-54)

Non-white 6/3 (50%) 18/9 (50%) m 0-92 (0-22-3-84)
Liver involvement

Yes 8/7 (88%) 18/10 (56%) B 0-33(0-11-1-01)

No 26/13(50%)  50/15 (30%) e 038 (0-18-0-81)
Country

USA 28/16 (57%)  55/21(38%) [ — 0-32 (0-16-0-65)

Non-USA 6/4 (67%) 13/4 (31%) = 0-42 (0-09-2-02)
ECOG performance status

0 15/8 (53%) 38/10 (26%) —_— 015 (0-05-0-44)

1 19/12(63%)  30/15 (50%) | 072 (0-33-1-61)
Previous lines of therapy

0 21/12 (57%)  43/16 (37%) [ — 0-46 (0-21-0-99)

1or2 13/8 (62%) 25/9 (36%) —_ . 0-22 (0-07-0-67)
BRCA classification

Unknown 21/12 (57%) 45/16 (36%) —_—— 0-42 (0-19-0-92)

Mutation positive 4/2 (50%) 4/1(25%) NE (NE-NE)
Histological triple-negative breast cancer classification

Pure 25/15(60%)  46/16 (35%) R 035 (0-17-0-74)

Acquired 714 (57%) 18/8 (44%) » 0-25 (0-06-1-02)
Overall 34/20 (59%)  68/25(37%) —a— 0-36 (0-19-0-67)

T T T 1

T T T
0-031 0-062 0-125 0-25 05 1.0

+—
Favours trilaciclib

20 40

Favours chemotherapy only
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Figure 3: Forest plots for
progression-free survival (A)
and overall survival (B)

Data are from the
intention-to-treat population,
and data from trilaciclib
groups 2 and 3 were pooled
for prespecified subgroup
analysis. Acquired
triple-negative breast cancer
refers to a patient with any
previous biopsy showing
oestrogen and progesterone
receptor or HER2 positivity.
ECOG=Eastern Cooperative
Oncology Group. NE=not
estimable.
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trilaciclib benefits appear to manifest more robustly as a
reduction in chemotherapy-induced myelosuppression
than improved antitumour activity. By contrast, triple-
negative breast cancer is considered genomically unstable
and the tumour microenvironment is moderately
immunogenic;” a state that could be potentially enhanced
by trilaciclib in combination with chemotherapy, leading
to improved antitumour activity.

Trilaciclib enhances immune activation and promotes
antitumour immunity by differentially arresting cytotoxic
and regulatory T-cell subsets followed by a faster recovery
of cytotoxic T lymphocytes than regulatory T cells in
tumours.” This differential alteration of cell cycle kinetics
between cytotoxic T lymphocytes and regulatory T cells
results in a higher proportion of cytotoxic T lymphocytes
than regulatory T cells, enhancement of T-cell activation,
and a decrease in regulatory T cell-mediated immuno-
suppressive functions.”* Together, these events promote
the cytotoxic T lymphocyte-mediated clearance of tumour
cells. Therefore, the antitumour effects of trilaciclib
might result from the transient proliferative arrest of
T cells (protecting them from chemotherapy-induced
damage), followed by activation of cytotoxic T lymphocytes
in the context of fewer regulatory T cells.

In addition to the immune-activating effects of tran-
sient CDK4/6 inhibition, retinoblastoma-independent
effects have also been observed. CDK4/6 inhibition in
preclinical models of bladder cancer resulted in enhanced
antitumour activity of cisplatin through inhibition of
FOXM1 phosphorylation and activation, independent of
RBI gene status.” FOXM1, which is consistently over-
expressed in metastatic triple-negative breast cancer
tissue,” mediates proliferation, survival, migration and
invasion, progression, and tumourgenesis of breast
cancer cells.”? Therefore, whether trilaciclib decreased
the activity of FOXM1 in this trial, leading to increased
sensitivity to gemcitabine and carboplatin chemotherapy,
should be further investigated.

Although triple-negative breast cancer is predominantly
a functionally CDK4/6-independent disease a subset of
patients with tumours that were CDK4/6 dependent
could not be excluded. Based on observations from a
preclinical study, in which palbociclib was given in
combination with carboplatin in a retinoblastoma-
competent murine model,* inducing G1 arrest could
theoretically reduce the proliferation of tumour cells and
negatively affect the activity of chemotherapy in
CDK4/6-dependent tumours. However, preclinical
studies of trilaciclib given concurrently with a variety of
chemotherapy drugs and in multiple CDK4/6 dependent
murine models,” together with clinical data from the
present study using established signatures of CDK4/6
dependence, do not suggest that trilaciclib negatively
affects the antitumour activity of chemotherapy.

Overall, addition of trilaciclib to gemcitabine and
carboplatin was well tolerated. The most frequently
reported treatment-emergent adverse events that

occurred more frequently in the trilaciclib groups were
grade 1 and 2 nausea, headache, dyspnoea, and cough.
Of these, only headache has previously been associated
with trilaciclib;* however, events to date have been mild-
to-moderate in severity and self-limited. Fewer patients
had anaemia and fewer needed red blood cell transfusions
on and after week 5, a procedure that adds to the burden
and risk of patients treated with chemotherapy,” in the
groups with trilaciclib than among those in the
gemcitabine and carboplatin only group.

Limitations of this study include the small sample
size and open-label nature of the study design.
Furthermore, antitumour activity outcomes were not
the primary study endpoints and the overall survival
data are not yet mature (final analysis of overall survival
will take place once 70% of events have occurred). Use
of a doublet chemotherapy backbone might also restrict
extrapolation to the metastatic triple-negative breast
cancer population receiving single-agent chemotherapy.
Finally, the hypothesised immune effects of trilaciclib
are not yet fully understood and will require further
study in additional clinical trials.

In summary, the results of this randomised phase 2 trial
did not show an improvement in myelosuppression
endpoints with the addition of trilaciclib to gemcitabine
and carboplatin in patients with metastatic triple-
negative breast cancer. However, an improvement in
antitumour activity was observed with both trilaciclib
administration schedules (across multiple endpoints)
and was consistent across patient subgroups; no increase
in toxicity was observed with the addition of trilaciclib.
Together with the safety profile reported, the clinically
meaningful improvements in overall survival support
further studies of trilaciclib in patients with metastatic
triple-negative breast cancer.
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