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TRANSLATIONAL RELEVANCE
Novel therapies are needed for patients with metastatic triple-negative breast cancer that have
similar or better antitumor efficacy than immune checkpoint inhibitors (ICIs) and
chemotherapy but without the associated high-grade toxicities. Trilaciclib is a first-in-class
cyclin-dependent kinase 4/6 (CDK4/6) inhibitor that transiently arrests hematopoietic stem
and progenitor and immune cells during chemotherapy exposure to protect them from
chemotherapy-induced damage. Mature data from this phase 2 study in patients with
metastatic triple-negative breast cancer confirm that administering trilaciclib prior to
gemcitabine plus carboplatin results in statistically significant improvements in overall
survival versus chemotherapy alone; efficacy benefits were observed regardless of CDK4/6
dependence status and programmed death-ligand 1 (PD-L1) expression, but with more
pronounced effects in patients with more immunogenic tumors. Overall, the findings support
further investigation into whether the addition of trilaciclib can improve the antitumor effects
of chemotherapy or chemotherapy/ICI combinations.

4

Downloaded from clincancerres.aacrjournals.org on January 7, 2022. © 2021 American Association for Cancer
Research.

Author Manuscript Published OnlineFirst on December 9, 2021; DOI: 10.1158/1078-0432.CCR-21-2272
Author manuscripts have been peer reviewed and accepted for publication but have not yet been edited.

ABSTRACT
Purpose: We report final antitumor efficacy results from a phase II study of trilaciclib, an
intravenous cyclin-dependent kinase 4/6 inhibitor, administered prior to gemcitabine plus
carboplatin (GCb) in patients with metastatic triple-negative breast cancer (NCT02978716).
Experimental design: Patients were randomized (1:1:1) to group 1 (GCb [days 1, 8]; n =
34), group 2 (trilaciclib prior to GCb [days 1, 8]; n = 33), or group 3 (trilaciclib [days 1, 8]
and trilaciclib prior to GCb [days 2, 9]; n = 35). Subgroup analyses were performed
according to CDK4/6 dependence, level of PD-L1 expression, and RNA-based immune
signatures using proportional hazards regression. T-cell receptor (TCR) β CDR3 regions were
amplified and sequenced to identify, quantify, and compare the abundance of each unique
TCR β CDR3 at baseline and on treatment.
Results: Median overall survival (OS) was 12.6 months in group 1, not reached in group 2
(hazard ratio [HR] 0.31; P = 0.0016), 17.8 months in group 3 (HR 0.40; P = 0.0004), and
19.8 months in groups 2 and 3 combined (HR 0.37; P < 0.0001). Efficacy outcomes were
comparable regardless of cancer CDK4/6 dependence status and immune signatures.
Administering trilaciclib prior to GCb prolonged OS irrespective of PD-L1 status but had
greater benefit in the PD-L1–positive population. T-cell activation was enhanced in patients
receiving trilaciclib.
Conclusions: Administering trilaciclib prior to GCb enhanced antitumor efficacy, with
significant improvements in OS. Efficacy outcomes in immunologic subgroups and
enhancements in T-cell activation suggest these improvements may be mediated via
immunologic mechanisms.
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INTRODUCTION
Triple-negative breast cancer (TNBC) has an aggressive clinical course and is associated with
poorer outcomes than other breast cancer subtypes (1). Although progress has been made in
the management of metastatic (m)TNBC, chemotherapy remains a major component of
treatment (2,3).
Compared with other breast cancer subtypes, TNBC is characterized by higher
genomic instability, rendering the tumor immunogenic and amenable to immunotherapeutic
intervention (4). For patients with programmed death-ligand 1 (PD-L1)-positive mTNBC, the
combination of chemotherapy plus immune checkpoint inhibitors (ICIs) is the preferred firstline therapy. Accordingly, pembrolizumab has been approved in combination with
chemotherapy by the US Food and Drug Administration (FDA) for the treatment of patients
with unresectable locally advanced TNBC/mTNBC whose tumors express PD-L1 (5).
Although the combination of ICIs with chemotherapy has provided meaningful advances in
the treatment of patients with PD-L1–positive disease, the TNBC patient population still
represents an area of high medical need. Owing to potential treatment toxicities associated
with ICIs, not all patients with PD-L1–positive mTNBC are appropriate candidates for ICI
therapies. Moreover, patients with PD-L1–negative mTNBC do not derive clinical benefit
from treatment with ICIs (6). Novel therapeutic options that can offer similar or better
antitumor efficacy without the associated high-grade toxicities are therefore needed.
Chemotherapy treatment often results in dose-limiting, cumulative myelosuppression
and weakened immune systems, with chemotherapy-induced immunosuppression potentially
compromising antitumor efficacy owing to an inability of the host immune system to
effectively mount a response against the cancer. Trilaciclib is an intravenous (IV) cyclindependent kinase 4/6 (CDK4/6) inhibitor that transiently arrests hematopoietic stem and
progenitor and immune cells in the G1 phase of the cell cycle during chemotherapy exposure,
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thereby protecting them from chemotherapy-induced damage, and potentially enhancing
immune activity (7-9). To assess the safety and efficacy of administering trilaciclib prior to
gemcitabine plus carboplatin (GCb) in patients with mTNBC, a randomized phase II trial was
conducted. Patients who received trilaciclib had improvements in overall survival (OS)
compared with those who received GCb alone. Preliminary data showed that the addition of
trilaciclib did not impair the antitumor efficacy of GCb in patients with CDK4/6-dependent, independent, or -indeterminate cancers (10).
In February 2021, trilaciclib was approved by the FDA to decrease the incidence of
chemotherapy-induced myelosuppression in adult patients receiving etoposide/platinum
(E/P)- or topotecan-containing chemotherapy regimens for the treatment of extensive-stage
small cell lung cancer, on the basis of the results from three phase II trials (11-13). Clinical
evidence of enhanced immune activity with trilaciclib was demonstrated in two of these trials
(9,12). Administering trilaciclib prior to E/P in patients with extensive-stage small cell lung
cancer protected and increased lymphocyte counts and enhanced T-cell activation, as
evidenced by peripheral blood immunophenotyping and T-cell clonal expansion (9). In
addition, administering trilaciclib prior to E/P plus atezolizumab (E/P/A) increased the
number of circulating activated T cells and the ratio of effector T cells to regulatory T cells
(Tregs), with patients receiving trilaciclib plus E/P/A also having significantly higher
numbers of expanded T-cell clones (12).
Here, we report final antitumor efficacy results from the phase II mTNBC trial for the
whole study population, as well as analyses of antitumor efficacy outcomes by subgroups
according to CDK4/6 dependence and immune subtyping, including levels of PD-L1
expression. Data illustrating the T-cell–mediated effects of trilaciclib in patients with TNBC
are also presented.
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PARTICIPANTS AND METHODS
Study design and participants
This was a multicenter, randomized, open-label, phase II trial (NCT02978716) of trilaciclib
administered prior to GCb in patients aged ≥18 years with mTNBC. Patients must have
received ≤2 prior chemotherapy regimens for locally recurrent/metastatic TNBC (noncytotoxic therapies were not considered). For a regimen to be a line of therapy, the patient
must have had disease progression after that therapy prior to the start of the next therapy or
enrollment in this study. Therapy given in the neoadjuvant/adjuvant setting where the patient
had recurrent disease >12 months after the last dose of therapy was not considered a line of
therapy in the locally recurrent/metastatic setting. Patients were randomized between
February 2017 and May 2018. Full details of the study design have been published previously
(10).
Patients were randomized (1:1:1) to one of three treatments, given in 21-day cycles:
group 1 received GCb alone on days 1 and 8; group 2 received trilaciclib prior to GCb on
days 1 and 8; and group 3 received trilaciclib alone on days 1 and 8, and trilaciclib before
GCb on days 2 and 9. Gemcitabine was administered at 1000 mg/m2 and carboplatin at AUC
2 (both IV administration). IV trilaciclib 240 mg/m2 was administered within 4 hours prior to
GCb. Treatment was continued until disease progression, unacceptable toxicity, withdrawal
of consent, or discontinuation by the investigator.
The study was designed and conducted in accordance with the Declaration of Helsinki
and the Good Clinical Practice guidelines of the International Council for Harmonisation.
The protocol and all study-related materials were approved by the institutional review board
or independent ethics committee of each investigational site, and all patients provided written
informed consent.
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Antitumor efficacy endpoints and assessments
Prespecified secondary endpoints included objective response rate (ORR; confirmed
complete or partial response), progression-free survival (PFS), and OS. Tumor response was
assessed by the investigator according to Response Evaluation Criteria in Solid Tumours
version 1.1. Computed tomography or magnetic resonance imaging was required at screening
and at protocol-specified intervals until progression, withdrawal of consent, or subsequent
anticancer therapy.
Assessments of immunologic markers, and genetic and/or expression (RNA/protein)
biomarkers in blood and tumors were included in the protocol as exploratory objectives.
These analyses were not pre-specified but were performed post hoc to further interrogate the
observed efficacy outcomes from the primary analysis.
Analysis of CDK dependence/independence
Archival breast cancer tissue was collected at screening, and DNA and RNA were isolated
from formalin-fixed, paraffin-embedded (FFPE) tissue sections using the Allprep DNA/RNA
FFPE kit (QIAGEN, Germantown, MD, USA), which is designed to simultaneously purify
genomic DNA and total RNA. DNA and RNA were released sequentially by differential
solubilization of the same FFPE sample. RNA quality was assessed by RNA integrity
number, proportion of fragments greater than 200 nucleotides, and concentration. Libraries
were prepared using the TruSeq RNA Exome kit (Illumina, San Diego, CA, USA), and
cluster generation and sequencing performed on the Illumina HiSeq system, as described
previously (10). Specifically, libraries were sequenced using the sequencing-by-synthesis
platform, with a sequencing protocol of 50bp paired-end sequencing and total read depth of
25 million reads per sample. Expression values were estimated using RNA-Seq by
Expectation Maximization software.
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Patient samples were retrospectively characterized as CDK4/6 independent,
indeterminate, or dependent (Supplementary Table S1). According to the Prediction Analysis
of Microarray 50 (PAM50) signature (14,15), CDK4/6 independence correlates with basallike tumors, which generally manifest functional retinoblastoma tumor suppressor deficiency
(16-19). Because their reliance on the CDK4/6 pathway for proliferation is either unknown or
heterogeneous, the remaining PAM50 signature groups (including human epidermal growth
factor receptor 2, normal-like, luminal A, and luminal B) were categorized as CDK4/6
indeterminate (14). Classification of the PAM50 subtype for each sample was determined
using the Genefu package (20), which was applied to log-transformed, FPKM (Fragments Per
Kilobase Million)-normalized RNA-seq-derived expression data. Using the Lehmann TNBC
subtyping signatures (21), the luminal-androgen receptor (LAR) subtype of TNBC is highly
sensitive to CDK4/6 inhibition both in vitro and in vivo, indicating CDK4/6 dependence
(22,23). The remaining Lehmann TNBC signature groups (including basal-like and
mesenchymal) were therefore categorized as CDK4/6 indeterminate for the same reason as
outlined above. TNBCtype-4 classifications were assigned to samples using a random forest
classifier trained on log-transformed, upper-quartile-normalized data from The Cancer
Genome Atlas (TCGA) (22,23).
PD-L1 immunohistochemistry
PD-L1 expression was assessed in archival tumor tissue samples from each patient using the
Ventana SP142 PD-L1 assay (Ventana Medical Systems, Inc., Tucson, AZ, USA; ref. (24)).
Consistent with the standard approach for evaluating PD-L1 in TNBC, expression was scored
as negative or positive if <1% or ≥1% of the total tumor area contained PD-L1–labelled
immune cells, respectively (24).
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Immune subtyping analysis
RNA was isolated from FFPE tissue sections and sequenced as described above. Three RNAbased immune signatures for evaluating immunogenicity were assessed: 1) Ayers’ IFNgamma (IFNγ) signature (25)—a six-gene signature, used to classify patients as having high
or low gene expression; 2) Ayers’ expanded IFNγ signature (25)—an 18-gene signature, used
to classify patients as having high or low gene expression; and 3) Thorsson’s six-gene
signature (26)—an immune signature based on six identified immune response subtypes, used
to classify patients as being IFNγ dominant (class 2; Thorsson C2) or not.
T-cell receptor analysis
To assess the effect of trilaciclib on the peripheral T-cell compartment and clonal expansion,
complementary determining regions 3 of T-cell receptor beta chains (TCR β CDR3) were
amplified and sequenced from purified genomic DNA in peripheral blood mononuclear cells
isolated from whole blood samples on day 1 of cycles 1, 3, and 5 using the immunoSEQ
Assay® (Adaptive Biotechnologies, Seattle, WA, USA). Newly detected expanded clones
were defined as clones that were not detected at baseline but were measurable after treatment.
A Simpson clonality score quantified the average proportional abundance of TCR clones,
whereby high values indicated an even distribution of TCR clones, and low values indicated
an enrichment of clones (27,28).
Statistical methods
OS was analyzed following the final database lock on July 17, 2020; other endpoints (ORR,
PFS) were based on a data cut-off of May 15, 2020. PFS and OS were assessed in the
intention-to-treat population, and ORR in response-evaluable patients (patients in the
intention-to-treat population who received at least one dose of study drug, had measurable
disease at baseline, and either had at least one post-baseline tumor assessment, investigator-
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determined clinical progression before the first post-baseline scan, or died due to disease
progression before the first post-baseline scan).
Kaplan–Meier methodology was used to estimate median PFS and OS. Treatment
group differences in PFS and OS were evaluated using a stratified log-rank test, with hazard
ratios and their 95% confidence intervals (trilaciclib prior to GCb versus GCb alone)
generated using a Cox proportional hazard model that included number of lines of prior
therapy (0 versus 1 or 2) and liver involvement (yes versus no) as stratification factors.
Stratification factors were not included in any of the models for the subgroup analyses.
Association of CDK4/6 dependence, PD-L1 expression, and immune signatures with
antitumor efficacy was assessed using proportional hazards regression, with data restricted to
only those patients in the relevant strata. Due to the small sample sizes, comparisons for
subgroup analysis are presented between the combined trilaciclib groups (groups 2 and 3) and
group 1. Individual group comparisons are included in the Supplementary Material.
Newly expanded T-cell clones (defined as increased frequency in posttreatment
versus pretreatment samples in a given patient) were computationally identified as described
previously (29). A binomial model with Benjamini-Hochberg correction for multiple
comparisons at the amino acid level was used to identify clones with significantly different
frequencies. Survival was assessed with Cox proportional hazard regression analysis and the
Wald test to determine statistical significance.
Data Availability Statement
The datasets generated in this study are available from the corresponding author upon
reasonable request.
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RESULTS
Participants and treatment
In total, 102 eligible patients were randomized: 34 to group 1 (GCb on days 1 and 8), 33 to
group 2 (trilaciclib and GCb on days 1 and 8), and 35 to group 3 (trilaciclib days 1 and 8, and
trilaciclib and GCb on days 2 and 9). The proportion of tumor samples from primary (breast,
chest wall or regional nodes) versus distant metastatic sites was 27/30 (90.0%) versus 3/30
(10.0%) samples for group 1, 27/32 (84.4%) versus 5/32 (15.6%) samples for group 2, and
28/34 (82.4%) versus 6/34 (17.6%) samples for group 3. As of July 17, 2020, median (range)
duration of follow-up was 8.4 (0.1-25.7) months for group 1, 14.0 (1.3-33.6) months for
group 2, and 15.3 (3.5-33.7) months for group 3.
Subsequent anticancer treatments received after discontinuation of on-study treatment
are summarized in Supplementary Table S2.
Antitumor efficacy in the overall study population
Patients in the trilaciclib groups continued to have numerically higher ORRs and longer PFS
than those receiving GCb alone (Table 1). Compared with group 1, OS was statistically
significantly improved in both trilaciclib groups, both individually and combined; median OS
was 12.6 months for group 1, not reached for group 2, 17.8 months for group 3, and 19.8
months for groups 2 and 3 combined (Table 1; Figure 1).
Subgroup analysis: CDK4/6 dependence
CDK4/6 dependence status was assessed in 22/34 (64.7%) patients in group 1 and 53/68
(77.9%) patients in groups 2/3. Efficacy outcomes were similar across tumors categorized as
CDK4/6 dependent, independent, or indeterminate. Trilaciclib did not impair the efficacy of
GCb in patients with CDK4/6-dependent tumors (Lehmann LAR), and outcomes were similar
in patients with CDK4/6-independent tumors (PAM50 basal-like) or tumors with CDK4/613
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indeterminate dependency (Lehmann basal-like 1/2 or mesenchymal, PAM50 non–basal-like)
(Supplementary Tables S3-S5).
Subgroup analysis: PD-L1 expression
PD-L1 status was available for 27/34 (79.4%) patients in group 1 and 58/68 (85.3%) patients
in groups 2/3. Among these patients, expression of PD-L1 was positive in 49 of 85 (57.6%)
tumor tissue samples across the three treatment groups, including 32 of 58 (55.2%) samples
in the trilaciclib groups and 17 of 27 (63.0%) samples in the GCb group. Baseline
characteristics were generally similar between the PD-L1–positive and –negative patient
populations, except that, of those with PD-L1–negative tumors, fewer patients had received
prior cytotoxic chemotherapy, more patients had acquired TNBC (history of prior
estrogen/progesterone receptor–positive status), and slightly more patients had an Eastern
Cooperative Oncology Group performance status of 1, compared with patients with PD-L1–
positive tumors (Supplementary Table S6).
Administering trilaciclib prior to GCb prolonged OS irrespective of PD-L1 status but
with a larger OS benefit in the PD-L1–positive population (Table 2 and Supplementary Table
S7; Figure 2). Administering trilaciclib prior to GCb also increased ORRs and extended PFS
in the PD-L1–positive population (Table 2 and Supplementary Table S7).
Subgroup analysis: immune subtypes
Immune subtyping analysis was performed on samples from 22/34 (64.7%) patients in group
1 and 53/68 (77.9%) patients in groups 2/3. The addition of trilaciclib prior to GCb enhanced
OS irrespective of immune signature (Table 3 and Supplementary Table S8). There was a
larger PFS benefit among patients in the trilaciclib groups with high Ayer’s IFNγ gene
expression signatures, compared with in those receiving GCb alone.
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Immunomodulatory effects
TCR analysis was performed for 17/34 (50.0%) patients in group 1 and 36/68 (52.9%)
patients in groups 2/3. There was a significant decrease in Simpson clonality among patients
who received trilaciclib prior to GCb compared with those who received GCb alone across
both post-baseline timepoints (PINTERACTION = 0.012; Figure 3A). When patients were
stratified above or below median Simpson clonality, there was a trend for improved OS
among patients with decreased peripheral clonality, with a statistically significant
improvement among patients receiving trilaciclib (P = 0.02; Figure 3B).
At cycle 3 day 1, both responders (complete or partial response) and non-responders
(stable or progressive disease) receiving trilaciclib in groups 2 and 3 maintained a high
fraction of newly detected expanded clones (P = 0.79). Patients who responded to GCb plus
trilaciclib had a higher fraction of newly expanded clones than patients who responded to
GCb alone (P = 0.09, Figure 3C).
DISCUSSION
Mature results for secondary antitumor efficacy outcomes in the overall population were
consistent with the primary analysis (10), confirming that administering trilaciclib prior to
GCb enhanced antitumor efficacy, with statistically significant improvements in OS.
Prespecified assessment of efficacy outcomes according to CDK dependence was
conducted on the basis of the theoretical risk that CDK4/6 inhibition with trilaciclib could
antagonize the intended effects of cytotoxic chemotherapy in CDK4/6-dependent tumors
(30). Previously, we have shown that administering trilaciclib prior to chemotherapy did not
decrease the antitumor activity of chemotherapy in CDK4/6-dependent breast cancer patient–
derived xenografts (31), and clinical evidence to date has shown either no detriment to, or
enhancement of, chemotherapy efficacy with the addition of trilaciclib to chemotherapy (10-
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13). The current analysis demonstrated that administering trilaciclib prior to GCb improved
antitumor efficacy regardless of cancer CDK4/6 dependence status classified using PAM50
and Lehmann signatures (14,22,23).
Preclinical and clinical data suggest that the positive effects of trilaciclib on antitumor
efficacy could be immune mediated and are hypothesized to be more likely to occur with
more immunogenic chemotherapy regimens, tumors that are sensitive to immune modulation,
and a favorable host immune system. In this regard, tumor-infiltrating lymphocytes, certain
gene signatures, and expression of PD-L1 may serve as surrogates for immunogenicity in
breast cancer and may predict immune-mediated responses to immunotherapies and other
treatment modalities (32,33). In our study, the larger OS benefit observed with trilaciclib in
the PD-L1–positive mTNBC population reinforces the concept that the immune-mediated
effects of trilaciclib may be more pronounced in more immunogenic tumors, providing
further evidence for the immunomodulatory effect of trilaciclib on the tumor
microenvironment. However, the findings must be considered hypothesis generating given
the small number of patients across each subgroup. Most important, is the finding that the
addition of trilaciclib to GCb enhanced OS irrespective of PD-L1 expression, suggesting that
trilaciclib can improve GCb-associated antitumor efficacy in both PD-L1–positive and –
negative patient populations. Similarly, survival benefits with trilaciclib were more
pronounced in, but not exclusive to, patients with higher immune-related gene expression,
suggesting that immune-mediated mechanisms may have contributed to the observed survival
benefit.
Mechanistically, preclinical evidence suggests that trilaciclib enhances immune
activation and promotes antitumor immunity by differentially arresting cytotoxic T-cell and
Treg subsets and accelerating the recovery of cytotoxic T cells compared with Tregs (9).
Additionally, within the tumor microenvironment, trilaciclib-induced transient cell-cycle
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arrest of immune cells also results in a more robust clonal expansion of T cells and an
enrichment of pro-inflammatory gene signatures in preclinical models, ultimately resulting in
enhanced T-cell effector function (9). Other CDK4/6 inhibitors have been shown to also
activate antitumor immunity independently of their cell cycle effects (34,35). For example,
CDK4/6 inhibition increased PD-L1 expression and reduced CD3+ tumor-infiltrating
lymphocytes in an in vivo breast cancer model (34,36). Additionally, CDK4/6 inhibition
modulates T-cell activation by de-repressing nuclear factor of activated T-cell family proteins
and their target genes, thereby increasing the production of cytokines that enhance immune
system function (37). As shown here, the TCR analysis revealed that administering trilaciclib
resulted in an enrichment of new T-cell clones and decreased Simpson clonality in peripheral
blood, suggesting enhanced T-cell activation. Previous results from this trial suggested that
administering trilaciclib prior to GCb did not preserve lymphocyte counts or enhance T-cell
activation; however, there was a higher frequency of interferon gamma-producing CD8+ T
cells after ex-vivo stimulation in the trilaciclib groups, suggesting that trilaciclib had a
positive impact on T-cell function (10). In the current analyses, there were significant
increases in newly detected expanded clones among patients in groups 2 and 3 who
responded to GCb, suggesting that trilaciclib may enhance antigen presentation, a
phenomenon observed in preclinical studies with other CDK4/6 inhibitors (38). Moreover,
patients with an enrichment of T-cell clones appeared to have greater improvement in
survival with trilaciclib. Overall, these findings suggest that trilaciclib has the potential to
enhance the efficacy of chemotherapy and chemotherapy/ICI combinations through a variety
of mechanisms. Additional analyses of immune cell subsets and activation markers are
underway using tumor samples from trilaciclib-treated patients to further elucidate the effects
of trilaciclib on the antitumor immune response.
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Limitations of this study include the small sample size, which meant that only large
differences in OS and PFS would be detected. Moreover, antitumor efficacy outcomes were
not the primary study endpoints. The sample size was powered to show superiority of group 3
over group 1 for at least one primary endpoint (duration of severe neutropenia in cycle 1 or
occurrence of severe neutropenia during the treatment period). As such, comparisons of
secondary endpoints (ORR, PFS, and OS) should be considered exploratory and interpreted
with caution. Subgroup analyses according to CDK4/6 dependence were also exploratory.
Additionally, use of the doublet GCb backbone may restrict extrapolation to patients with
mTNBC receiving single-agent chemotherapy. The observed immune effects of trilaciclib are
also not yet fully understood and require further study in clinical trials. Nonetheless, these
findings are hypothesis generating, prompting further study into the association between
enhanced antitumor immunity and improved OS among patients with mTNBC receiving
trilaciclib and chemotherapy. A pivotal phase III trial of trilaciclib or placebo in combination
with first- or second-line GCb in patients with locally recurrent unresectable TNBC, or
mTNBC is underway, with OS as the primary endpoint (NCT04799249). Trilaciclib will be
evaluated in the first-line setting regardless of PD-L1 status, and in the second-line setting
following progression on a PD-1/PD-L1 inhibitor in two independent cohorts. Exploratory
endpoints will assess pharmacodynamic parameters, including those related to immune-based
mechanisms.
Overall, our findings suggest that administering trilaciclib prior to GCb improves OS
among patients with mTNBC, with a more pronounced effect in patients with more
immunogenic tumors. We hypothesize that the effects of trilaciclib on antitumor immunity
are two-fold and involve: 1) the protection of lymphocyte populations from chemotherapyinduced damage; and 2) the enhancement of T-cell immunity via multiple mechanisms,
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including increased antigen presentation, enhanced T-cell activation, and a more robust
clonal expansion of T cells.
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TABLES
Table 1. Antitumor efficacy outcomes in the overall study population: tumor response, PFS, and OS.
Group 1

Group 2

Group 3

Groups 2 and 3

Patients, n

34

33

35

68

ORR,a n/N (%)

7/24 (29.2)

15/30 (50.0)

12/31 (38.7)

27/61 (44.3)

Median PFS,a months (95% CI)

5.7 (3.3-9.9)

9.4 (6.1-11.9)

7.3 (6.2-13.9)

9.0 (6.4-11.3)

HR (95% CI)

–

0.62 (0.3-1.2)

0.63 (0.3-1.2)

0.62 (0.4-1.1)

P value

–

0.2099

0.1816

0.1291

12.6 (6.3-15.6)

NR (10.2-NR)

17.8 (12.9-32.7)

19.8 (14.0-NR)

HR (95% CI)

–

0.31 (0.2-0.6)

0.40 (0.2-0.7)

0.37 (0.2-0.6)

P value

–

0.0016

0.0004

<0.0001

Median OS,b months (95% CI)

Group 1: chemotherapy on days 1 and 8; group 2: trilaciclib prior to chemotherapy on days 1 and 8; group 3: trilaciclib alone on days 1 and 8
and prior to chemotherapy on days 2 and 9. HR and P values are for comparisons between group 2 and group 1, between group 3 and group 1,
and between groups 2 and 3 combined and group 1.
CI, confidence interval; HR, hazard ratio; NR, not reached; ORR, objective response rate; OS, overall survival; PFS, progression-free survival.
a

ORR/PFS data are from the May 15, 2020 data cut-off.
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b

OS data are from the final database lock, with a data cut-off of July 17, 2020.

Table 2. Tumor response, PFS, and OS according to PD-L1 status.
PD-L1 positive

PD-L1 negative

Group 1

Groups 2 and 3

Group 1

Groups 2 and 3

Patients analyzed, n

17

32

10

26

ORR, n (%)

4 (23.5)

15 (46.9)

3 (30.0)

8 (30.7)

Median PFS, months

5.4 (3.3-NR)

9.7 (6.2-15.5)

9.2 (8.3-NR)

9.4 (6.5-14.6)

–

0.57 (0.3-1.2)

–

0.97 (0.4-2.5)

10.5 (6.3-18.8)

32.7 (17.7-NR)

13.9 (12.6-NR)

17.8 (13.1-NR)

–

0.34 (0.2-0.7)

–

0.48 (0.2-1.2)

(95% CI)
HR (95% CI)
Median OS, months
(95% CI)
HR (95% CI)

Group 1: chemotherapy on days 1 and 8; group 2: trilaciclib prior to chemotherapy on days 1 and 8; group 3: trilaciclib alone on days 1 and 8
and prior to chemotherapy on days 2 and 9. HRs are for comparisons between groups 2 and 3 combined and group 1.
CI, confidence interval; HR, hazard ratio; NR, not reached; ORR, objective response rate; OS, overall survival; PD-L1, programmed death
ligand-1; PFS, progression-free survival.
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Table 3. Tumor response, PFS, and OS according to immune subtypes.
Ayer’s IFNγ signature

Outcome (groups

Ayer’s expanded IFNγ signature

Thorsson six-class immune signature

2/3 vs group 1)

High

Low

High

Low

Class 2

Not class 2

ORR, %

56.5 vs 38.5

36.7 vs 22.2

50.0 vs 38.5

41.4 vs 22.2

48.6 vs 30.0

38.9 vs 33.3

Median PFS,

11.3 vs 5.7

8.8 vs 8.3

9.7 vs 5.7

9.4 vs 8.3

10.9 vs 9.2

9.4 vs 5.4

0.49 (0.2-1.11)

0.87 (0.3-2.2)

0.47 (0.2-1.1)

1.1 (0.4-2.7)

0.69 (0.3-1.7)

0.76 (0.3-1.8)

22.3 vs 12.8

15.6 vs 8.3

20.1 vs 12.8

15.6 vs 9.1

32.7 vs 12.8

13.1 vs 10.2

0.40 (0.2-0.9)

0.37 (0.2-0.9)

0.41 (0.2-0.9)

0.40 (0.2-0.9)

0.46 (0.2-1.0)

0.49 (0.2-1.0)

months
HR (95% CI)
Median OS,
months
HR (95% CI)

Group 1: chemotherapy on days 1 and 8; group 2: trilaciclib prior to chemotherapy on days 1 and 8; group 3: trilaciclib alone on days 1 and 8
and prior to chemotherapy on days 2 and 9. HRs are for comparisons between groups 2 and 3 combined and group 1. Class 2 was defined as
IFNγ dominant. Not adjusted for multiplicity.
CI, confidence interval; HR, hazard ratio; IFNγ, interferon gamma; NR, not reached; ORR, objective response rate; OS, overall survival; PFS,
progression-free survival
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FIGURE LEGENDS
Figure 1. Kaplan-Meier curve for OS in the ITT population.
HR and P values are for comparisons between group 2 and group 1, and between group 3 and
group 1. CI, confidence interval; HR, hazard ratio; ITT, intention-to-treat; NR, not reached;
OS, overall survival.
Figure 2. Kaplan-Meier curves for OS in group 1 and groups 2 and 3 combined for
patients with (A) PD-L1–positive and (B) PD-L1–negative tumors.
OS, overall survival; PD-L1, programmed death ligand-1.
Figure 3. TCR clonality and expansion.
(A and C) Median values with 25% and 75% quartiles. (B) Patients stratified by high (equal
to or above median; solid lines) and low (below median; dashed lines) Simpson clonality
scores. HR indicates ratio of high relative to low score. (C) Data are from cycle 3, day 1.
C, cycle; D, day; GCb, gemcitabine plus carboplatin; HR, hazard ratio; TCR, T-cell receptor.
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