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ABSTRACT

ARTICLE HISTORY

Aims: Proliferating hematopoietic stem and progenitor cells (HSPCs) are susceptible to chemotherapyinduced damage, resulting in myelosuppressive adverse events (AEs) such as neutropenia, anemia, and
thrombocytopenia that are associated with high health care costs and decreased quality of life (QoL).
In this study, a trial-based cost-effectiveness analysis was performed to help assess the economic
impact of administering trilaciclib, a myeloprotective therapy that protects multilineage HSPCs from
chemotherapy-induced damage, prior to standard first-line chemotherapy, using data from a pivotal
Phase II study of trilaciclib in the setting of extensive-stage small cell lung cancer (ES-SCLC,
NCT03041311).
Method: The aim of this study was to assess the cost-effectiveness of administering trilaciclib prior to
chemotherapy versus chemotherapy alone among patients with ES-SCLC from a United States payer
perspective. Data on the rate and frequency of myelosuppressive AEs and health utility were derived
from the pivotal study of trilaciclib. Costs of managing myelosuppressive AEs and costs of chemotherapy treatment were sourced from published literature. Outcomes included the number of myelosuppressive AEs, costs (in 2021 US dollars), quality-adjusted life-years (QALYs), incremental cost,
incremental QALY, and an incremental cost-effectiveness ratio.
Results: Administering trilaciclib prior to chemotherapy was associated with a reduction in neutropenia (82%), febrile neutropenia (75%), anemia (43%), and thrombocytopenia (96%) compared with
chemotherapy alone. Additionally, trilaciclib prior to chemotherapy was cost-saving compared with
chemotherapy alone ($99,919 vs $118,759, respectively) and associated with QALY improvement
(0.150 vs 0.145, respectively). Probabilistic sensitivity analyses showed 58% of iterations projecting cost
savings and QALY improvement with trilaciclib.
Conclusions: The findings suggest that the use of trilaciclib prior to first-line chemotherapy in patients
with ES-SCLC can be cost-beneficial owing to fewer myelosuppressive AEs and lower costs, together
with a favorable QoL profile.
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Introduction
Chemotherapy-induced myelosuppression is a common toxicity that increases the risk of morbidity and mortality in
patients with cancer1. Although cancer cells are the
intended targets of chemotherapy, these regimens are generally nonspecific and affect healthy tissue, resulting in
unintended adverse effects2. Rapidly dividing healthy tissue
types, such as hematopoietic stem and progenitor cells
(HSPCs), are particularly susceptible to unintended sequelae
from chemotherapy3. This often results in multilineage myelosuppression that manifests as neutropenia, anemia, and/or
thrombocytopenia3,4.
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A systematic review on the burden of myelosuppressive
adverse events (AEs) reported that patients with cancer who
received chemotherapy had 14.6-fold greater odds of developing neutropenia or thrombocytopenia, and 3.0-fold greater
odds of developing anemia, compared with those who did
not receive chemotherapy5. The occurrence of myelosuppression during cancer therapy may also lead to dose delays,
dose reductions, or discontinuation of chemotherapy, potentially jeopardizing tumor control and patient outcomes3,5,6.
These observations underscore the importance of multilineage myeloprotection among cancer patients receiving
chemotherapy.
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Data from the United States suggest that myelosuppressive AEs exert a substantial economic burden5. A retrospective analysis of the 2012 National Inpatient Database revealed
that 5.2% of all cancer-related hospitalizations and 8.3% of
all cancer-related hospitalization costs are attributable to
cancer-related neutropenia7. Moreover, one study from the
United States reported that 94% of emergency department
visits for febrile neutropenia ended in hospitalization8. The
direct cost of neutropenia ranges from $2,632 (2006 United
States dollars (USD); $4,108 in 2021 USD)9 per outpatient episode to $49,917 (2006 USD; $77,909 in 2021 USD) per febrile
neutropenia hospitalization episode in the United States5,7.
The total annualized cost of cancer-related neutropenia hospitalizations in the United States is estimated to be $2.3 billion (2012 USD; $3.0 billion in 2021 USD) for adults7. The
cost of anemia management ranges from $22,775 to $93,454
(2006 USD; $35,547 to $145,861 in 2021 USD) per patient per
year5. In addition, it is reported that approximately 15% of
the available blood resources in the United States are allocated to patients with hematology and/or oncology indications6. Cost estimates of thrombocytopenia management
have extended from $1,395 (2006 USD; $2,177 in 2021 USD)
per cycle to $22,698 (2015 USD; $26,660 in 2021 USD)
per episode5,10.
Currently, standard interventions for managing myelosuppressive AEs fall short of the ideal. Treatments are specific to
a single hematopoietic lineage (e.g. utilization of granulocyte
colony-stimulating factors [G-CSFs] for the management of
neutropenia; red blood cell transfusions, administration of
erythropoiesis-stimulating agents, and/or iron supplementation for the management of anemia; and platelet transfusion
and antifibrinolytic agents for the management of
Trilaciclib
Intravenous inhibitor of CDK4/6
Arrests cells in the G1 phase of the cell
cycle during chemotherapy exposure,
helping to protect them from
chemotherapy-induced damage

thrombocytopenia)3,6,11,12. Of note, these treatments do not
protect the bone marrow from chemotherapy-induced cytotoxic effects, but they do impart individual risks for
adverse reactions.
Trilaciclib (COSELAi), a first-in-class breakthrough therapy,
is currently the only therapy that protects multiple hematopoietic lineages simultaneously13,14. Trilaciclib transiently
arrests HSPCs in the G1 phase of the cell cycle by inhibiting
the activity of cyclin-dependent kinases 4 and 6, thus protecting HSPCs from damage by cytotoxic chemotherapy
(Figure 1)14. Three individual Phase II randomized clinical trials have shown that trilaciclib improves multiple clinically
meaningful myelosuppression endpoints, which cannot currently be addressed by a single existing intervention14–16. In
February 2021, trilaciclib was approved by the United States
Food and Drug Administration (FDA) to decrease the incidence of chemotherapy-induced myelosuppression in adult
patients when administered prior to a platinum/etoposidecontaining or topotecan-containing regimen in the setting of
extensive-stage small cell lung cancer (ES-SCLC)17, after
receiving FDA priority review and breakthrough therapy designations for this indication in 2019. In March 2021, the
National Comprehensive Cancer Network Clinical Practice
Guidelines in Oncology (NCCN Guidelinesii) added trilaciclib
as a prophylactic option to manage chemotherapy-induced
myelosuppression in patients with ES-SCLC, as per its indication, to its Guidelines for Small Cell Lung Cancer and
Hematopoietic Growth Factors12,18. The high unmet need for
a new treatment that provides multilineage myeloprotection
from cytotoxic damage is reflected in the priority review
granted by the FDA and the rapid inclusion of trilaciclib in
the NCCN Guidelines12,17,18. As such, it is important to
Reduces the incidence of chemotherapy-induced
myelosuppression via myeloprotection
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Figure 1. Trilaciclib transiently arrests the cell cycle of HSPCs in the presence of chemotherapy to reduce the incidence of chemotherapy-induced myelosuppression. Abbreviations. CDK4/6, cyclin-dependent kinase 4 and 6; HSPC, hematopoietic stem and progenitor cell.
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provide timely information for health care decision-makers
that helps them to understand the economic implication of
administering trilaciclib to patients with ES-SCLC prior to
chemotherapy. The objective of this study, therefore, was to
assess the cost-effectiveness of administering trilaciclib prior
to chemotherapy versus chemotherapy alone for patients
with ES-SCLC, from a United States payer perspective.

Methods
Overview
We conducted an economic assessment of trilaciclib, using a
trial-based cost-effectiveness analysis (CEA) approach based
on clinical data from the pivotal Phase II trial, with cost data
applied from literature (Table 1). Given that trilaciclib was
FDA-approved in February 2021, there were insufficient realworld data available on the use of trilaciclib at the time of
analysis. Therefore, this initial economic evaluation was
derived from available clinical trial data comparing the use
of trilaciclib prior to first-line chemotherapy versus the use of
the same chemotherapy regimen without trilaciclib. Of the
three individual, Phase II randomized trials, G1T28-05
(NCT03041311)15 was the pivotal trial; therefore data from
this trial served as the foundation for the economic evaluation. A further two studies of trilaciclib in patients with
ES-SCLC (G1T28-02 [NCT02499770]14 and G1T28-03
[NCT02514447]16) were considered proof-of-concept studies;
therefore, data from these trials were used only to
strengthen certain estimates (frequency of AEs [G1T28-05
and G1T28-02 combined] and reduction in the use of
prophylactic G-CSF [G1T28-05, G1T28-02, and G1T28-03 combined]) (Table 2).
G1T28-05 was a randomized, double-blind, placebo-controlled Phase II study of trilaciclib or placebo administered
prior to treatment with etoposide, carboplatin, and atezolizumab (E/P/A) in patients with newly diagnosed ES-SCLC. A
total of 107 patients were randomized to receive trilaciclib
(n ¼ 54) or a placebo (n ¼ 53) prior to administration of
E/P/A. Patients were treated in an induction phase and a
maintenance phase. During induction, carboplatin (area
under the concentration–time curve [AUC] 5 mg/mL/min)
and atezolizumab (1,200 mg) were administered on day 1,
and etoposide (100 mg/m2) and either trilaciclib (240 mg/m2)
or placebo on days 1, 2, and 3 of a 21-day cycle for a
Table 1. Main parameters of the economic evaluation.
Parameter
Type of analysis
Perspective
Patient population
Time horizon
Discount rate
Reference and comparator
Outcomes
Currency
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maximum of four cycles. During maintenance, patients
received atezolizumab monotherapy on day 1 of every 21day cycle. Chemotherapy, trilaciclib, or placebo were not
administered during the maintenance phase.
The effects of trilaciclib on multilineage myeloprotection
and health-related quality of life (HRQoL) were collected during the induction phase. The primary endpoints were the
duration of severe neutropenia in cycle 1 and the occurrence
of severe neutropenia during the induction treatment period,
whereby severe neutropenia was defined as absolute neutrophil count <0.5  109 cells per liter. Compared with placebo,
administration of trilaciclib prior to E/P/A resulted in statistically significant decreases in the duration of severe neutropenia in cycle 1 (0 vs 4 days, p < .0001) and occurrence of
severe neutropenia (49.1% vs 1.9%, p < .0001)15.

Population, reference, and comparator
Consistent with the pivotal Phase II clinical trial, the population of interest was patients with ES-SCLC who received
first-line treatment with chemotherapy (E/P/A). This analysis
compared two treatment strategies: using trilaciclib prior to
E/P/A versus the same chemotherapy regimen without
trilaciclib.

Time horizon
The economic evaluation used a 12-week time horizon, consistent with the duration of the induction phase of the pivotal Phase II G1T28-05 trial, during which all the relevant
endpoints were observed. Extending the time horizon
beyond 12 weeks would add uncertainty by introducing additional assumptions. In the G1T28-05 trial, most patients completed four cycles of chemotherapy (44 [84.6%] patients in
the trilaciclib group and 48 [90.6%] patients in the placebo
group)15; therefore, our analysis assumed that all patients
received four cycles of chemotherapy. This is also in line
with NCCN Guidelines for Small Cell Lung Cancer, which recommend four cycles of therapy, but allow that up to six
cycles may be received based on response and tolerability
after four cycles18.

Choice

Trial-based CEA
Payers
ES-SCLC, first line chemotherapy (consistent with pivotal Phase II G1T28-05 trial)
12 weeks (consistent with pivotal G1T28-05 trial duration)
No discount on costs and benefits given the short time horizon
Reference: E/P/A
Comparator: trilaciclib prior to E/P/A
(consistent with pivotal G1T28-05 trial)
Incremental cost, AEs avoided, incremental QALY, incremental cost-effectiveness ratio
2021 USD (all costs were adjusted for inflation to 2021 USD using the medical care component of the
Consumer Price Index)

Abbreviations. AE, adverse event; CEA, cost-effectiveness analysis; E/P/A, carboplatin, etoposide and atezolizumab; ES-SCLC, extensive-stage
small cell lung cancer; QALY, quality-adjusted life year; USD, United States dollars.
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Table 2. Model parameters and assumptions.
Parameter
Base-case
estimate

Base-case estimate 10%

Base-case estimate 10%

0%

(1) AE frequency 5% for both
treatment strategies;
(2) keep AE frequency for E/P/A the same,
apply 5% on RRR associated with trilaciclib

2 approaches:

(2) keep AE rate for E/P/A the same,
apply 5% on RRR associated with trilaciclib

(1) AE rate 5% for both
treatment strategies;

2 approaches:

Low

High

Base-case estimate þ10%

Base-case estimate þ10%

100%

(2) keep AE frequency for E/P/A
the same, apply þ5% on RRR
associated with trilaciclib

(1) AE frequency þ 5% for both
treatment strategies;

2 approaches:

Beta

Gamma
Gamma

Gamma
Gamma
Gamma
Gamma

Gamma

Normal

Normal

Normal

Normal

Normal

Normal

Normal

Normal

(2) keep AE rate for E/P/A the same, Normal
apply þ 5% on RRR associated with Normal
Normal
trilaciclib
Normal

2,109
2,256
2,487
2,786

573

0.174

0.157

0.133

0.254

0.15

0.155

0.1

0.133

0.0604
0.0057
0.0302
0.0377

0.021
0.002
0.017
0.002

SE

0.63

0.09

49,537 4,954
2,834 283

21,089
22,563
24,868
27,860

5,733

1.739

1.565

1.333

2.544

1.5

1.545

1

1.333

0.604
0.057
0.302
0.377
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0.019
0.173
0.019

Distribution Mean

202015
202015
202015
202015

202015
202015
202015
202015

Wong 201810
Weycker 201523
Wong 201810
Wong 201810

Drugs.com20 and
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Naeim 201322

Weiss 202119e

Market research

Weiss 201914 and
Daniel 202015
Weiss 201914 and
Daniel 202015
Weiss 201914 and
Daniel 202015
Weiss 201914 and
Daniel 202015

Weiss 201914 and
Daniel 202015
Weiss 201914 and
Daniel 202015
Weiss 201914 and
Daniel 202015
Weiss 201914 and
Daniel 202015

Daniel
Daniel
Daniel
Daniel

Daniel
Daniel
Daniel
Daniel

Reference

Teckle 201325, Daniel 202015
and post-hoc analysis of
G1T28-05 trial data
(continued)

495.4
28.3 IBM Red Book24
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NA
NA
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100
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NA
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Normald
Normal
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2 approaches:
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Event rates are the percentage of patients who experienced at least one grade 3/4 AE in the pivotal Phase II G1T28-05 trial [15]. bAE frequency is based on the total number of events divided by the number of patients
1 event and represents the weighted average of the pooled data from the G1T28-05 and G1T28-02 trials [14,15]. cOne-way sensitivity analyses were conducted by systematically varying one parameter at a time, with
the same variation in underlying AE event rate and episode frequency applied to both trilaciclib prior to E/P/A and E/P/A, or with the variation applied only to the RRR associated with trilaciclib. dRandomized value was
capped between 0 and 1, so that randomization did not provide negative values or values greater than 1 for PSA. e50% reduction in the use of prophylactic G-CSF assumed from pooled data analysis from the G1T2805, G1T28-02 and G1T28-03 trials [19] showing a 50% reduction in the use of any G-CSF.
Abbreviations. AE, adverse event; E/P/A, etoposide, carboplatin and atezolizumab; G-CSF, granulocyte colony-stimulating factor; NA, not applicable; PSA, probabilistic sensitivity analyses; RRR, relative risk reduction; SE,
standard error.
a

15.54 9.13

Alpha Beta
SE

0.10
0.65

Distribution Mean

Beta
0.65
Trilaciclib prior to E/P/A

Table 2. Continued.
Parameter

Base-case
estimate

Low

One-way sensitivity analysisc

High

Probabilistic sensitivity analysis

Reference

Teckle 201325, Daniel 202015
and post-hoc analysis of
G1T28-05 trial data
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Study design
In this analysis, patients received E/P/A either with or without prior administration of trilaciclib (Figure 2). During the
12 weeks of treatment, patients could experience any of four
myelosuppressive hematologic AEs: neutropenia, febrile neutropenia, anemia, and thrombocytopenia. Further, patients
could experience more than one AE and/or multiple episodes
of the same AE during therapy.

Outcomes
Health and economic outcomes (the number of myelosuppressive AEs, costs, and quality-adjusted life-years [QALYs])
were estimated and compared for each treatment strategy,
with the calculation of the incremental cost and incremental
QALYs between the two treatment strategies (Figure 2;
Table 1).
No discount on costs and benefits was applied given the
short time horizon. It was assumed that trilaciclib did not
impact response to the underlying ES-SCLC treatment or
mortality, as no difference in progression-free survival (hazard ratio [HR] of trilaciclib vs placebo ¼ 0.83, 95% CI:
0.55–12.4) or overall survival (HR ¼ 0.92, 95% CI: 0.57–1.49)
was observed in the pivotal Phase II trial of trilaciclib15.
Therefore, mortality outcomes were assumed to be the same
across treatment strategies and were not included in
the analysis.

Inputs
Clinical inputs
Clinical inputs related to myelosuppressive hematologic AEs
were derived from the pivotal Phase II clinical trial of trilaciclib (G1T28-05)15. The analysis considered grade 3 or 4 AEs
only, as lower-grade events were anticipated to have a minimal impact on clinical and economic outcomes from the
payer perspective. Event rates represented the percentage of
patients who experienced at least one AE. The frequency of
a given AE represented the average number of events per
patient during the treatment period and was calculated as
the total number of events divided by the number of
patients who had at least one event in each treatment strategy. As AE frequencies were similar between the two clinical
trials of trilaciclib prior to first-line chemotherapy for ES-SCLC
(G1T28-05 and G1T28-02), the data were pooled to generate
a larger sample size. Thus, the weighted average of the
pooled data was used to estimate the frequency of each AE
(Table 2). An exploratory analysis was also conducted using
AE frequency data from G1T28-05 only.

Inputs related to the prophylactic G-CSF use
The analysis assumed that 26% of patients in the E/P/A treatment strategy received prophylactic G-CSF to avoid potential
neutropenia events, based on a market research study conducted by G1 Therapeutics, Inc. In the deterministic analysis,
it was assumed that patients who were assigned to trilaciclib
therapy had a 50% reduction in G-CSF prophylaxis (i.e. 13%
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No AE

Neutropenia

Trilaciclib prior to E/P/A

Febrile neutropenia

Anemia

Thrombocytopenia

ES-SCLC
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•
•
•
•
•
•

Number of AEs
Total cost
QALY
Incremental cost
Incremental QALYs
Incremental
cost-effectiveness ratio

Febrile neutropenia

Anemia

Thrombocytopenia

Figure 2. Study schematic to estimate the value of trilaciclib for patients with ES-SCLC receiving first-line chemotherapy. Abbreviations. AE, adverse event; CEA,
cost-effectiveness analysis; E/P/A, etoposide, carboplatin and atezolizumab; ES-SCLC, extensive-stage small cell lung cancer; QALY, quality-adjusted life year.

of patients used G-CSF prophylactically in the trilaciclib treatment strategy)19. Prophylactic G-CSF costs were calculated
using a weighted average of the wholesale acquisition cost
(WAC) of commonly used G-CSF brands and biosimilars from
approved product labels20. Total cost per cycle was calculated based on the WAC per unit, dosing information, and
cost weighting using estimated market shares. The drug cost
was then added to the weighted administrative cost to generate the average cost for G-CSF. The average cost associated
with the prophylactic use of G-CSF per cycle, including
administration costs, was estimated to be $5,73320,21. The
number of prophylactic G-CSF cycles was calculated on the
basis of a weighted average of the mean number of cycles
from the two most commonly used G-CSFs – filgrastim and
pegfilgrastim22.

Treatment cost inputs
Therapy costs for E/P/A included treatment acquisition costs
and administration costs. Acquisition costs were calculated
by combining published WAC costs for each product within
the respective treatment regimens and per the recommended dosing schedule. Administration costs were sourced
from the literature26. It was assumed that all patients completed the recommended four treatment cycles20. The WAC
cost for trilaciclib was $1,417 per 300-mg vial, or $2,834 per
dose24. The total cost of trilaciclib per course of chemotherapy was calculated by multiplying the cost per dose of trilaciclib ($2,834) by the number of doses required per cycle
(three doses per cycle), then multiplying by the number of
cycles in each chemotherapy regimen (four cycles). Health
care resource utilization required for the administration of trilaciclib was not considered in the analysis because trilaciclib
is a 30-min intravenous therapy administered within 4 h prior

to chemotherapy, so it is given during the same visit as
chemotherapy administration. Based on the timing of administration of trilaciclib, and per expert input, it was assumed
that trilaciclib is administered concurrently with premedication and does not require additional chair time in the infusion setting. In the base-case analysis, we assumed no
administration cost of trilaciclib; however, an exploratory
scenario analysis including an administration cost of trilaciclib per Current Procedural Terminology (CPT) codes ($77.86;
Medicare national fee schedule for CPT 96365)
was conducted.

AE management cost inputs
The management costs for neutropenia, thrombocytopenia,
and anemia were obtained from the retrospective claimsbased analyses conducted by Wong et al.10 This retrospective
matched cohort study assessed the incremental health care
costs associated with AEs in adult patients with cancer
(breast, digestive organs and peritoneum, genitourinary
organs (including bladder and ovary and other uterine
adnexa), lung, lymphatic and hematopoietic tissue, and skin)
in the United States from 2006 to 201510. The management
costs for febrile neutropenia were obtained from the retrospective claims-based analyses conducted by Weycker et al.23
This was a retrospective cohort study that assessed the clinical and economic risks and consequences of febrile neutropenia among patients with metastatic cancer (breast, colon/
rectum, lung, ovaries, and prostate) in the United States from
2007 to 201123. All costs were adjusted for inflation to 2021
USD using the medical care component of the Consumer
Price Index, according to the United States Bureau of Labor
Statistics as of March 20219.
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Table 3. Deterministic (base-case) results for first-line treatment of patients
with ES-SCLC.
Parameter
Trilaciclib prior
E/P/A
Difference
to E/P/A
Total number of AEs per patient
Neutropenia
Febrile neutropenia
Anemia
Thrombocytopenia
Total costs per patient, $
Treatment
E/P/A
Trilaciclib prior to E/P/A
Prophylactic use of G-CSF
AE management
Neutropenia
Febrile neutropenia
Anemia
Thrombocytopenia
QALYs per patient

0.6
0.3
0.02
0.3
0.03
99,919
83,545
49,537
34,008
2,541
13,833
5,961
429
6,649
794
0.150

2.7
1.5
0.1
0.5
0.7
118,759
49,537
49,537
0
5,082
64,139
32,403
1,715
11,755
18,266
0.145

–2.1
–1.3
–0.1
–0.2
–0.6
–18,840
34,008
0
34,008
–2,541
–50,307
–26,442
–1,286
–5,106
–17,472
0.005

All costs are presented in 2021 USD.
Abbreviations. AE, adverse event; E/P/A, etoposide, carboplatin, and atezolizumab; G-CSF, granulocyte colony-stimulating factor; QALY, quality-adjusted
life year.

Health utility inputs
Clinical trials of trilaciclib included exploratory patientreported outcome endpoints to assess the effects of trilaciclib on HRQoL, based on the validated Functional
Assessment of Cancer Therapy–General (FACT-G), FACT–Lung
(FACT-L),
and
FACT–Anemia
(FACT-An)
questionnaires15,16,19,27–30. FACT-G is a 27-item questionnaire
designed to measure four domains of HRQoL in patients
with cancer: physical, social, emotional, and functional wellbeing. FACT-L meets a growing need for disease-specific
HRQoL questionnaires that address the general and unique
concerns of patients diagnosed with lung cancer, and FACTAn, which supplements the core FACT-G questionnaire, was
developed to assess specific HRQoL concerns related to
anemia and fatigue in patients with cancer. Health utility
inputs were derived from the FACT-G survey data, specifically
in the pivotal Phase II clinical trial of trilaciclib15. FACT-G survey responses were mapped to EuroQol 5-Dimension (EQ-5D)
utility weights using a published algorithm developed by
Teckle et al. to estimate utility score for each treatment strategy25. Health utility for each treatment strategy was calculated based on baseline utility (average utility among all
patients at day 1, cycle 1) and treatment-specific midpoint
percentage change in utility between the first and last cycle.
The resulting utility weights for trilaciclib prior to chemotherapy and placebo prior to chemotherapy were multiplied by
the treatment duration to estimate the QALYs for each treatment strategy (Table 2).

Sensitivity analyses
One-way sensitivity analyses (OWSAs) were conducted by
systematically varying one parameter at a time. This allowed
for an evaluation of key outcomes with changes in a single
parameter and helped to determine the main driver of the
results. For AE rates and frequencies, two approaches were
used. In the first approach, the underlying AE rate or AE frequency was varied directly (±5%) whereas observed risk
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reduction with trilaciclib was kept constant. In the second
approach, the underlying AE rate and AE frequency were
kept the same and the relative risk reduction ratio was varied
for patients on trilaciclib (±5%)31. AE management costs
were analyzed by applying a ± 10% change to each parameter (Table 2). To understand the impact of trilaciclib pricing
on model results, the WAC for trilaciclib was varied ±10%,
and a tornado diagram was generated for an incremental cost.
Probabilistic sensitivity analyses (PSAs) were performed to
account for multivariate uncertainty in the model. The uncertainty in each parameter was characterized using probability
distributions and analyzed using simulations of up to 1,000
iterations. Normal distributions were applied to AE rate and
frequency parameters. Beta distributions were applied to utility weights, whereas gamma distributions were applied to
costs (Table 2)32. Cholesky decomposition was also applied
to correlated parameters. A correlation coefficient of 0.7 was
used to represent a moderate-to-high correlation for AE rates
and frequencies33, and an incremental cost-effectiveness
plane was generated.

Results
Deterministic (base-case) results
Results from the deterministic analysis are presented in Table
3. Administration of trilaciclib prior to chemotherapy was
associated with fewer myelosuppressive events, respectively,
compared with administration of chemotherapy alone (82%
reduction in neutropenia (0.3 vs 1.5), 75% reduction in febrile
neutropenia (0.02 vs 0.1), 43% reduction in anemia (0.3 vs
0.5), and 96% reduction in thrombocytopenia (0.03 vs 0.7).
As a result of fewer AEs, use of trilaciclib was associated with
a reduced cost of AE management ($13,833 with trilaciclib vs
$64,139 without). Of the $50,307 cost saving from AE management, neutropenia and thrombocytopenia were the major
cost drivers ($26,442 saving from neutropenia and $17,472
from thrombocytopenia). Additionally, administration of trilaciclib was associated with a reduced cost of G-CSF prophylaxis ($2,541 with trilaciclib vs $5,082 without). Overall,
trilaciclib was associated with a total cost saving of $18,840
per patient. There was a marginal gain in QALYs of 0.005 for
patients who received trilaciclib prior to chemotherapy compared with those who received chemotherapy alone.

Sensitivity analysis results
In the OWSA, the use of trilaciclib resulted in cost savings
ranging from $16,196 to $21,484 (Figure 3; Supplemental
Table S1). The WAC price of trilaciclib and costs of managing
neutropenia and thrombocytopenia had the biggest impact
on cost savings, followed by AE rates and frequencies of
neutropenia and thrombocytopenia.
The base-case analysis assumed no administration cost for
trilaciclib. An exploratory scenario analysis that included an
administration cost for trilaciclib based on CPT code 96935,
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WAC for trilaciclib ± 10%
Neutropenia management costs ± 10%
Reduction of prophylactic G-CSF use associated with trilaciclib 0-100%
Thrombocytopenia management costs ± 10%
Neutropenia frequency ± 5%a
Neutropenia rate ± 5%a
Thrombocytopenia rate ± 5%a
Thrombocytopenia frequency ± 5%a
RRR of thrombocytopenia rate with trilaciclib ± 5%b
RRR of neutropenia rate with trilaciclib ± 5%b
Anemia management costs ± 10%
−$24,000

−$23,000

−$22,000

−$21,000

−$20,000

−$19,000

−$18,000

−$17,000

−$16,000

−$15,000

Incremental cost (2021 USD)
Increase in parameter value

Decrease in parameter value

Figure 3. Incremental costs estimated from OWSAs. aUnderlying AE event rate and episode frequency were applied to both trilaciclib prior to E/P/A and E/P/A
alone. bRRR of trilaciclib prior to E/P/A vs E/P/A alone. Abbreviations. AE, adverse event; E/P/A, etoposide, carboplatin, and atezolizumab; OWSA, one-way sensitivity
analysis; RRR, relative risk reduction; USD, United States dollars.
Table 4. PSA results.
Trilaciclib prior to E/P/A vs E/P/A
Incremental cost
Mean (SD)
Median (95% CI)
Incremental QALYs
Mean (SD)
Median (95% CI)

$18,999 ($8,596)
$18,268 ($3,371, $37,034)
0.006 (0.030)
0.007 (0.052, 0.068)

Abbreviations. CI, confidence interval; E/P/A, etoposide, carboplatin, and atezolizumab; PSA, probabilistic sensitivity analysis; QALY, quality-adjusted life year;
SD, standard deviation.

showed consistent results (cost savings $17,905; incremental
QALY 0.005).
In the PSA, the mean cost saving was $18,999 (standard
deviation [SD]: $8,596; 95% CI: $3,371, $37,034) from 1,000
iterations (Table 4). The incremental cost was negative (i.e.
cost-saving) for 99.0% of the iterations. The mean incremental QALY was 0.006 (SD: 0.03; 95% CI: 0.052, 0.068). Overall,
99.6% of the PSA iterations showed cost savings, 58.2% of
the iterations showed both cost savings and an improvement
in QALYs, and 41.4% of the iterations showed cost savings
and a decrease in QALY (Figure 4(A)). The cost-effectiveness
acceptability curve indicated that the use of trilaciclib prior
to first-line chemotherapy in patients with ES-SCLC had a
97.6–99.6% chance of being cost-effective when the WTP
threshold increased from $0 to $200,000 per QALY, that is,
the higher threshold used by the Institute for Clinical and
Economic Review to assess the cost-effectiveness of health
interventions34 (Figure 4(B)).

Discussion
Current treatment strategies for the management of myelosuppressive hematologic AEs are specific to single hematopoietic lineages3,6,11,12. Trilaciclib is the first and, to date, the
only myeloprotective therapy that simultaneously protects
multiple hematopoietic lineages from chemotherapy-induced

damage, as evidenced in adult patients with ES-SCLC13–16.
Moreover, current supportive care interventions for chemotherapy-induced myelotoxicity are each associated with certain safety concerns, such as venous thromboembolism with
erythropoiesis-stimulating agents, and bone pain or development of secondary hematologic malignancies with GCSFs35–37, among others; in this regard, trilaciclib may offer
additional advantages over lineage-specific interventions.
This is the first study to evaluate the costs and benefits of
trilaciclib administration prior to first-line chemotherapy in
patients with ES-SCLC. Although there have been numerous
analyses of the economic impact of febrile neutropenia and
the cost-effectiveness of G-CSFs across various tumor
types38–48, the results of these studies are not directly comparable to the current analysis given that trilaciclib provides
multilineage myeloprotection. As this is the first economic
evaluation of a first-in-class therapy, real-world data on the
use of trilaciclib have not yet accrued, and available data are
limited to outcomes from the pivotal Phase II trial of trilaciclib in newly diagnosed patients with ES-SCLC. As such, the
evaluation was adjusted to these circumstances and incorporated a trial-based CEA comparing the use of trilaciclib prior
to chemotherapy with the same chemotherapy without trilaciclib. Historically, data from Phase III trials were typically
used to support marketing authorization and reimbursement
of new drugs. However, Phase II data are increasingly being
used as primary evidence to support these purposes49 and,
by necessity, are subsequently used for economic evaluations
like ours; the first one, to our knowledge, being the economic evaluation of another supportive care therapy (amifostine), for cytoprotection in patients with advanced head and
neck cancer receiving chemoradiation50.
The findings from the analysis suggest that administration
of trilaciclib prior to chemotherapy reduces the incidence of
myelosuppressive AEs. The results show a 78% reduction in
the number of myelosuppressive AEs and associated costs.
Specifically, administering trilaciclib prior to chemotherapy
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Simulation result

95% CI

WTP $150,000

WTP $50,000

$40,000

0.1%
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0.3%

$30,000

Incremental cost

$20,000
$10,000

−0.125

−0.075

$0
0
−0.025
−$10,000

0.025

0.075

0.125

−$20,000
−$30,000
−$40,000

Expected cost and QALYs

−$50,000
41.4%

58.2%

−$60,000

Incremental QALYs

Trilaciclib prior to E/P/A

B

E/P/A

Probability intervention is cost effective

1.0
0.9
0.8
0.7
0.6
0.5
0.4
0.3
0.2
0.1
0
0

100,000

200,000

300,000

400,000

500,000

Willingness to pay (USD)
Figure 4. Cost-effectiveness plane (A) and cost-effectiveness acceptability curve (B) for the PSA. Abbreviations. E/P/A, etoposide, carboplatin, and atezolizumab;
PSA, probabilistic sensitivity analysis; QALY, quality-adjusted life year; USD, United States dollars; WTP, willingness-to-pay threshold.

may result in an 82% reduction in grade 3/4 neutropenia,
75% reduction in febrile neutropenia, 43% reduction in
anemia, and 96% reduction in thrombocytopenia. The acquisition cost of trilaciclib ($34,008) is offset by the reduction in
chemotherapy-related AE management costs ($50,307). In
addition, the administration of trilaciclib was associated with
a reduced cost of G-CSF prophylaxis ($2,541). Together, the
findings suggest that the use of trilaciclib is a cost-saving
approach to the management of chemotherapy-induced
myelosuppression. The value of PSAs in providing an
unbiased measure of uncertainty in health economic models
is widely recognized by economists and decision makers51,52.
As such, it is notable that 99.6% of the PSA iterations in the
CEA showed cost savings, and 58.2% had both cost savings
and QALY improvement. An alternative approach would
have been to conduct a trial-based bootstrapping analysis to
test uncertainty relating to the clinical inputs from the trial
data; however, bootstrapping cannot provide estimates for
economic inputs relating to AE management, as these were

derived from literature. Therefore, we performed a PSA,
which allowed us to test the uncertainty around clinical, economic, and utility inputs.
QALY gain was small in the model (0.005), which may be
partially related to the short time horizon (12 weeks, which is
consistent with the recommended treatment duration of the
underlying treatment combinations)12,18. In addition, utility
weights were calculated on the basis of the published mapping algorithm between FACT-G and EQ-5D25, given EQ-5D
results were not collected in the trilaciclib pivotal Phase II
trial (G1T28-05)15. In this trial, administration of trilaciclib
prior to chemotherapy resulted in longer times to deterioration in FACT-G (HR ¼ 0.58), FACT-L (HR ¼ 0.70), and FACTAn (HR ¼ 0.58) domains compared with administration of
chemotherapy alone. The benefits of trilaciclib in FACT-L and
FACT-An were not reflected in the analysis, as the mapping
algorithm was based on FACT-G. Results from the PSA suggested there was high uncertainty on the QALY results, with
41.4% of the iterations showing cost-savings and a decrease
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in QALY, and 58.2% of the iterations showing cost-savings
and an improvement in QALY. Future studies are therefore
recommended to further refine the study results.
AE rates (proportion of patients experiencing an AE) were
based on the results from the pivotal Phase II trilaciclib clinical trial in patients with ES-SCLC receiving first-line chemotherapy15, whereas the AE frequencies (number of AE
episodes among patients who experienced more than one
AE) were based on weighted averages from G1T28-0515 and
G1T28-0214. Data from study G1T28-02 were not used for AE
rate input because the G1T28-02 study included a different
chemotherapy backbone (E/P in the G1T28-02 study vs E/P/A
in the G1T28-05 study) and AE rates were considered different between the two trials. However, the AE frequency
results were similar between the two trials and, therefore,
were pooled to generate a more robust estimate based on
larger sample size. Results from an exploratory analysis using
AE frequency data from only the G1T28-05 clinical trial were
consistent with those of the deterministic analysis (cost saving of $16,749; Supplemental Table S2). Frequency and rates
of grade 3 or 4 AEs were non-primary endpoints in the trilaciclib clinical trials and therefore were not powered to detect
statistically significant differences between treatment arms.
This analysis sheds light on the potential value of, and
the need for, myeloprotective interventions, such as trilaciclib, in the management of multilineage myelosuppression.
The clinical trial results of trilaciclib coupled with the costsaving findings from this analysis warrant more research in
other tumor types that are treated with myelosuppressive
chemotherapy. Of note, there is a general paucity of recent
data on the costs associated with myelosuppressive AEs,
meaning that data for targeted, hormonal, and immunotherapies are limited except for in high-incidence cancers.
Future research that examines shifts in cancer treatment
practices and the impact on myelotoxicity-related AEs is
therefore warranted. It should also be noted that this analysis did not include costs related to caregivers to estimate
the overall economic impact of trilaciclib. Indirect costs (e.g.
paid caregiver, caregiver work loss) account for 34–44% of
the total cost of managing neutropenia, and more than 50%
of the total cost of managing thrombocytopenia5. Future
studies on the impact of trilaciclib on caregiver burden are
recommended.
There were several key assumptions in this analysis. First,
it was assumed that trilaciclib therapy does not affect the
treatment response or the survival of the patient, as there
was no statistically significant impact on overall survival in
either of the two Phase II clinical trials conducted in the firstline setting. For G1T28-02, the HR for overall survival was
0.87 for trilaciclib versus placebo (80% CI: 0.61–1.24)14 and in
the pivotal G1T28-05 trial, the HR was 0.92 (95% CI: 0.57,
1.49)15. Therefore, no impact on relative survival was applied
for trilaciclib. Second, all patients were assumed to be
treated over four cycles (21 days per cycle) without treatment
interruptions, dose adjustments, or discontinuations based
on data from the pivotal clinical trial, in which most patients
received four chemotherapy cycles. To date, real-world data
on the use of trilaciclib are limited and insufficiently powered

to infer treatment patterns. However, we acknowledge that,
in clinical practice, patients may die or switch treatments for
clinical or safety reasons, and that analyses based on realworld data are a critical priority for the future. Indeed, we
anticipate analyzing real-world data at both the patient level
and at the chemotherapy session-level, once available. No
direct data were available for the reduction of prophylactic
G-CSF usage associated with trilaciclib. Inputs were obtained
from a pooled analysis of clinical trial data from all three
individual randomized clinical trials of trilaciclib that reported
a 50% reduction in any G-CSF use in patients who received
trilaciclib prior to chemotherapy compared with those who
received chemotherapy alone19. This assumption was
explored by varying the G-CSF use from 0% to 100%, which
led to consistent results (cost savings ranging from $16,299
to $21,381). Third, for the utility weight inputs, AE-specific
utility decrements were not used, but leveraged population
estimates for each treatment strategy in the trial, which
implicitly captured the frequency and severity of events
experienced by patients in the trial. We considered that
using disutility for each event based on clinical trial data
would introduce further assumptions regarding the analysis
of multiple and simultaneous events. Lastly, consistent with
other economic evaluations in oncology, only AEs of grade 3
or higher were included in the analysis. Grade 1 and 2 AEs
were assumed to have a negligible impact on health and
economic outcomes from the payer perspective.
This model used WAC prices for the acquisition costs of
E/P/A, G-CSF, and trilaciclib, which may have limitations for
Medicare beneficiaries. The Average Selling Price (ASP),
which is used for reimbursement of Medicare beneficiaries,
was not available for trilaciclib at the time of analysis. The
WAC is the only available public cost for trilaciclib for estimating costs for the Medicare population. We intend to reestimate our results once a stable ASP is available. At that
time, we may consider reporting ASP-based results for the
Medicare population, WAC-based results for the commercially
insured population, and an age-proportionate blended ASP/
WAC rate reflecting the age distribution of cancer in the
United States. The cost of prophylactic use of G-CSF was a
small proportion of the total cost saving ($2,541 saving from
prophylactic use of G-CSF, out of the total cost saving of
$18,840). Therapeutic use of G-CSF was assumed to be
included in the AE management cost and was not modeled
separately. OWSA of varying trilaciclib price (±10% WAC
price) yielded consistent results (cost savings varied from
$15,439 to $22,241).
As well as identifying areas for future research, our analysis has some limitations. First, the AE rates were based on
the results observed in the pivotal Phase II clinical trial, and
it was assumed that all patients would complete four treatment cycles. We acknowledge that data from real-world
practice may differ, and we intend to re-estimate our results
once real-world data with sufficient statistical power are
available. Second, patients were recruited to the Phase II trilaciclib trials from the United States, as well as Western and
Eastern Europe – each with disparate health care delivery
and financing systems. Therefore, health care resource
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utilization was not sufficiently captured in these trials to
derive economic inputs for AE management. The deterministic estimates for the cost of AE management were based on
data from large United States claims-based studies that
include multiple oncology indications, not specifically for
SCLC, and were assumed to be the same for grade 3 and
grade 4 events10,23. These cost estimates were assessed in
sensitivity analyses and the findings were consistent with
those in the deterministic analysis. Third, our model did not
include a survival analysis component; therefore, the impact
of mortality on QALYs was not assessed. Because the primary
objective of Phase II trilaciclib trials was to demonstrate multilineage myeloprotective effects and associated outcomes
rather than antitumor efficacy, the studies were not designed
or powered to show an effect on survival. Additional clinical
data from ongoing Phase III trials of trilaciclib in patients
with triple-negative breast cancer (NCT04799249) and colorectal cancer (NCT04607668), which include antitumor efficacy and QoL measures as primary or secondary endpoints,
will be therefore important to allow the potential survival
benefits associated with trilaciclib to be modeled for other
conditions in the future. Finally, given that this is the first
economic analysis of a first-in-class myeloprotection agent, it
was not possible to validate the results against real-world
data or against other studies analyzing the same problem;
however, establishing cross validity and external validity will
be a priority for future evaluations once appropriate data
sources become available.
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