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A B S T R A C T   

Trilaciclib is a recently approved cyclin-dependent kinase 4/6 inhibitor that is designed to decrease the incidence of chemotherapy-induced myelosuppression in 
adult patients with extensive-stage small-cell lung cancer receiving chemotherapy. Currently, this first-in-class therapy raises two open issues: its bio-plausibility and 
paucity of evidence demonstrating a lasting impact on clinical endpoints. Based on the existing phase 2 data, trilaciclib appears to be a therapy that can make a 
positive impact by preventing myelosuppression, but empirical validation with larger phase III trials should be conducted to confirm these benefits. The purpose of 
this article is to facilitate discussion about the role of trilaciclib in clinical practice and the need for additional trials.   

On February 12th, 2021, the FDA approved trilaciclib (Cosela, G1 
Therapeutics), a cyclin-dependent kinase 4/6 inhibitor (CDK4/6), to 
lower the rate of chemotherapy-induced myelosuppression (CIM) in 
adult patients with extensive-stage small-cell lung cancer (ES-SCLC) 
receiving platinum/etoposide-containing or topotecan-containing regi
mens [1]. Here, we describe the data supporting marketing authoriza
tion and open questions regarding the evidence base. 

Trilaciclib to decrease chemotherapy-induced myelosuppression 

Trilaciclib, the first-in-class therapy designed to reduce CIM’s fre
quency, acts as a competitive inhibitor of CDK 4/6 to protect hemato
poietic lineages from DNA damage of chemotherapy by reversibly 
inducing G1 cell cycle arrest. In CDK4/6-dependent cells (e.g., he
matopoietic stem and progenitor cells (HSPCs) and lymphocytes), this 
arrest aims to facilitate myelopreservation and T lymphocyte activation, 
and preclinical data also suggest a potential increased susceptibility to 
immune checkpoint inhibitors (ICIs) [2]. 

Approval of this drug was based on three early randomized, double- 
blind, placebo-controlled studies [3–5]. Combined, these studies eval
uated the effectiveness of the study treatment in only 240 patients. 
Although all of the trials met their primary endpoints, which included a 
decrease in the duration of severe neutropenia (DSN) and the rate of 
severe neutropenia (SN), it is unclear if these reductions will provide a 
meaningful benefit to patients [3–5]. While improvements in patient 
health-related quality of life (HRQoL) are a possible advantage of the 
new approval, not all research assessed HRQoL outcomes [4], and the 

extent the decreases in adverse events translates to meaningful out
comes will be addressed. Here, we identify two open issues raised by this 
first-in-line therapy: its bio-plausibility, lack of data showing an impact 
on clinical endpoints. 

Bioplausibility 

First, ES-SCLC is a rapidly growing cancer. The proliferation of ES- 
SCLC contributes to its 8-to-13-month median survival and its suscep
tibility to chemotherapeutic agents [6]. The premise of utilizing a 
CDK4/6 inhibitor to minimize CIM is seemingly contradicted by the 
possibility that the same drug may result in chemotherapeutic antago
nism. In other words, CDK4/6 inhibitors may shield both hematopoietic 
stem and cancer cells from the toxicity of chemotherapy. This problem is 
apparently resolved in the case of SCLC because of both SCLC’s che
mosensitivity and deficiency of retinoblastoma (RB) tumor suppressor 
protein, which theoretically minimize concerns of anti-tumor efficacy 
[7]. 

RB loss is associated with resistance to CDK4/6 inhibitors and pre
sents in SCLC, making trilaciclib a rational therapeutic agent to mini
mize CIM toxicity in ES-SCLC patients. Researchers take one step 
further, providing a rationale that trilaciclib may even enhance 
chemotherapeutic benefit by minimizing dose delays, reductions, and 
immunodeficiency, thereby realizing the full use of chemotherapy and 
immunotherapies [8]. However, against this hypothesis, one must 
consider the aggressive nature of ES-SCLC and that RB inactivation 
among these tumors is not universal. Genomic profiles of 108 tumors 
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from stage I-IV SCLC showed 93% RB inactivation [9], but with rapidly 
growing malignancies, anything less than 100% RB inactivation may 
undermine chemotherapy’s effectiveness in some cells; thereby antag
onizing chemotherapy efficacy. 

Furthermore, it is also possible that reducing the chemotherapeutic 
dose will have a similar effect to trilaciclib. This hypothesis is reinforced 
by the increase in chemotherapeutic dose reductions in the placebo arm 
of the Weiss et al. study (35.1% vs. 7.9%); however, there were no 
significant differences in overall survival or response rates [4]. If trila
ciclib is antagonistic to chemotherapy regimens, it is reasonable to as
sume that these studies may be comparing antagonistic treatment to 
full-dose chemotherapy. This begs the question: what studies are 
needed to tease apart these hypotheses? 

Second, the randomized studies’ sample sizes are too small to rule in 
or rule out a meaningful interaction or potential detriment of the ther
apy in this disease setting. Researchers confront this limitation, stating 
several possible reasons why there was no significant improvement in 
anti-tumor efficacy from the use of trilaciclib [3]. However, there are 
limitations that the researchers do not address, such as the restriction of 
administering prophylactic granulocyte colony-stimulating factors 
(G-CSFs) in cycle (C) 1 in all of the studies, even though DSN in C1 was 
evaluated as the primary endpoint in these trials [3–5]. Depending on 
the study, the average reduction of DSN in C1 was either four days or 
five days, which are statistically significant differences but may not be 
clinically meaningful [3–5]. The problem is worsened in the Hart et al. 
trial since prophylactic G-CSF administration is the standard of care 
given the prevalence of FN with topotecan-containing regimens [5]. It is 
plausible that administration of GCSF in C1 could result in the same time 
reduction, and because there are no differences in patients for RBC 
transfusion or G-CSF administration in either the Daniel et al. or Hart 
et al. trials, one may even argue that patients are being switched from 
RBC transfusions to intravenous administration of a separate costly 
medication [3,5]. Furthermore, the small sample sizes may dampen the 
measurement of secondary outcomes, such as febrile neutropenia or 
antibiotic usage, which may diminish the unveiling of potential harms 
(e.g., worse overall survival). Regardless of the disease’s pathophysi
ology, a phase III trial alone can illuminate a potential survival decre
ment or antagonized anti-tumor efficacy. 

Finally, our analysis forces us to face the question: why was trilaci
clib approved based on phase II data alone? The OS results from the 
phase II studies should prompt researchers to conduct adequately 
powered phase III trials to reveal a potential signal (Table). We also 
know phase II trials–studies performed to determine if a drug continues 
to have promise or activity (i.e., hypothesis-generating)–may not predict 
phase III results [10]. Additionally, in a highly lethal cancer like 
ES-SCLC–a randomized phase III trial would neither be difficult nor 
time-consuming to show survival outcomes [11]. Although the decrease 
in AEs and marginal gains in HRQoL seem to be a step forward, there are 
still concerns about whether trilaciclib truly improves outcomes. For 
example, in the Daniel et al. trial, there was no significant difference in 
patient-reported outcomes (PROs) assessing HRQoL [3]. And even 
though the trial by Hart and colleagues demonstrated a marginal 
improvement, the benefit may be driven by a statistical phenomenon 
since the placebo group had a higher HRQoL than the interventional arm 
at baseline [5]. In other words, the placebo group may have deteriorated 
more rapidly, a phenomenon called regression towards the mean. That 
said, in the absence of definitive randomized data, counseling patients 
will remain difficult until phase III trials provide data from which con
clusions might be drawn. At $34,000 per treatment, physicians and 
patients should not accept the uncertainty of anti-tumor efficacy, quality 
of life, and survival outcomes in a novel therapy [12]. 

Based on the current phase II data, trilaciclib appears to be an 
intervention that may make a positive impact by preventing CIM, 
maintaining immune system function, and minimizing cytotoxic AEs, 
although many of these outcomes remain unclear. Using this drug may 
augment chemotherapy and ICI regimens, but whether or not trilaciclib 

helps patients live longer or live better is a matter of continuing debate 
and uncertainty. Trilaciclib has elements of bioplausibility, but molec
ular determinants of CDK4/6-independence and dependence are com
plex, and the therapy must prove itself with empirical validation. Phase 
III trials testing survival, anti-tumor efficacy, and quality of life out
comes are the only way forward. By doing so, we can safely implement 
this therapy to provide a clinical benefit to patients. 
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