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with secondary prophylaxis (SP), for patients receiving
chemotherapy and at intermediate risk of febrile
neutropenia?

SUMMARY ANSWER: PP with biosimilar filgrastim is
cost-effective in patients receiving intermediate-risk,
curative chemotherapy regimens for breast cancer,
non-small-cell lung cancer (NSCLC), and non-
Hodgkin lymphoma. In the era of COVID-19 and
value-based care, the use of biosimilar filgrastim has
valuable potential to reduce complications associ-
ated with unnecessary contact with the health care
system among patients undergoing potentially curative
chemotherapy.

WHAT WE DID: A Markov cycle tree—based model was
constructed to evaluate the cost-effectiveness of PP
versus SP with a biosimilar filgrastim (specifically
filgrastim-sndz) from the US payer perspective. The
model evaluated prophylaxis strategies for the most
common intermediate-risk chemotherapy regimens in
patients with breast cancer (adjuvant docetaxel),
NSCLC (adjuvant carboplatin and paclitaxel), and non-
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WHAT WE FOUND: Across all three cancer types,
biosimilar filgrastim (using filgrastim-sndz) as PP
versus SP provided an additional 0.102-0.144 life
years and 0.065-0.130 quality-adjusted life years at
an incremental cost ranging from $650 to $2,463 in
US dollars (USD). The incremental cost-effectiveness
ratios ranged from $5,660 to $20,806 USD per febrile
neutropenia event avoided, $5,123-$31,077 USD
per life year gained, and $7,213-$35,563 USD per
quality-adjusted life year gained, with NSCLC
reflecting the lowest ICERs.

BIAS, CONFOUNDING FACTOR(S): As with any model,
the structure of these analyses likely represents a
simplification of the complex interplay between dis-
ease, treatments, and costs. Furthermore, we only
evaluated short-acting growth factors, and long-acting
agents are commonly used for prophylaxis.

REAL-LIFE IMPLICATIONS: This analysis supports the
expanded use of PP with biosimilar filgrastim by
practicing oncologists to improve long-term patient
outcomes.
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Primary Prophylaxis With Biosimilar Filgrastim

for Patients at Intermediate Risk for Febrile
Neutropenia: A Cost-Effectiveness Analysis

Edward Li, PharmD, MPH!; Dylan J. Mezzio, PharmD, MS?; David Campbell, PharmD, MS?; Kim Campbell, PharmD?; and
Gary H. Lyman, MD, MPH3

PURPOSE Temporary COVID-19 guideline recommendations have recently been issued to expand the use of
colony-stimulating factors in patients with cancer with intermediate to high risk for febrile neutropenia (FN). We
evaluated the cost-effectiveness of primary prophylaxis (PP) with biosimilar filgrastim-sndz in patients with
intermediate risk of FN compared with secondary prophylaxis (SP) over three different cancer types.

METHODS A Markov decision analytic model was constructed from the US payer perspective over a lifetime
horizon to evaluate PP versus SP in patients with breast cancer, non—-small-cell lung cancer (NSCLC), and non-
Hodgkin lymphoma (NHL). Cost-effectiveness was evaluated over a range of willingness-to-pay thresholds for
incremental cost per FN avoided, life year gained, and quality-adjusted life year (QALY) gained. Sensitivity
analyses evaluated uncertainty.

RESULTS Compared with SP, PP provided an additional 0.102-0.144 LYs and 0.065-0.130 QALYs. The in-
cremental cost-effectiveness ranged from $5,660 in US dollars (USD) to $20,806 USD per FN event avoided,
$5,123 to $31,077 USD per life year gained, and $7,213 to $35,563 USD per QALY gained. Over 1,000
iterations, there were 73.6%, 99.4%, and 91.8% probabilities that PP was cost-effective at a willingness to pay of
$50,000 USD per QALY gained for breast cancer, NSCLC, and NHL, respectively.

CONCLUSION PP with a biosimilar filgrastim (specifically filgrastim-sndz) is cost-effective in patients with in-
termediate risk for FN receiving curative chemotherapy regimens for breast cancer, NSCLC, and NHL.
Expanding the use of colony-stimulating factors for patients may be valuable in reducing unnecessary health
care visits for patients with cancer at risk of complications because of COVID-19 and should be considered for
the indefinite future.

JCO Oncol Pract 17:e1235-e1245. © 2021 by American Society of Clinical Oncology
Creative Commons Attribution Non-Commercial No Derivatives 4.0 License @@ E

INTRODUCTION However, the pandemic caused by SARS-CoV-2 has
resulted in new considerations for cancer care and
supportive care. Patients with cancer are a highly
susceptible population at risk of transmission of
SARS-CoV-2 and the potential consequences of the
regimens with a high risk (> 20%) of febrile neu- associated disease, COVID-19. High susceptibility of

tropenia (FN). In patients at intermediate risk of Patients with cancer is primarily due to their fre-
developing FN (10%-20%), the decision to use CSFs quent contact W|th the health care Isystem, cancer- or
as primary prophylaxis (PP) or secondary prophy- treatment—relateq @munosuppressmn, and advanced
laxis (SP) is usually made via an individualized risk 8¢ and comorbidities.”

assessment and patient-physician discussion. Inthe  Several single- and multicenter studies have described
presence of no additional FN risk factors, practice characteristics and outcomes in cancer patients with
guidelines recommend the use of SP, whereas PP COVID-19. One cohort study found that of 928 patients
may be considered if the patient has one or more risk  with active cancer or history of cancer and COVID-19,
factors.!? 26% developed severe illness, 14% were admitted to

Recent practice guidelines from ASCO and the
National Comprehensive Cancer Network recom-
mend hematopoietic colony-stimulating factor (CSF)
prophylaxis to patients receiving chemotherapy
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the intensive care unit, and 12% required mechanical
ventilation. The mortality rate within 30 days of COVID-19
diagnosis was 13%. Of 52 intensive care unit patients with
30-day follow-up data, 31% died.® Similar findings were
published in an earlier Chinese study.* These outcomes
emphasize the need to strategically coordinate the care of
patients with cancer to minimize risk of infection with
CovID-19.

Although cancer providers have been challenged with
navigating infection prevention, staffing shortages, and
resource limitations during the pandemic, postponing or
delaying chemotherapy may not be in the best long-term
interest of patients receiving treatment for curative intent.®
Sharing of best practices has been important to optimize
clinical care while reducing risk of transmission among
patients and lessening demand on hospitals. To that end,
there has been renewed focus in further reducing the risk of
FN for patients with cancer. Improving FN outcomes also
aligns with value-based care efforts (eg, the Oncology Care
Model [OCM]) that have occurred over the past few years.

Recently, ASCO and the National Comprehensive Cancer
Network issued temporary recommendations for the use of
CSFs in patients with cancer during the COVID-19 pan-
demic. Specifically, the threshold for the use of CSF pro-
phylaxis was lowered from only high-risk patients (> 20%
risk of FN) to intermediate- (10%-20% risk of FN) or high-
risk patients.®” This expansion of CSF prophylaxis is aimed
at mitigating the risks associated with COVID-19 for patients
with cancer while benefiting facilities by potentially in-
creasing the number of beds available to treat patients of
the pandemic.

Considering these new recommendations during the
pandemic and the general trend toward value-based care
in oncology, we compared the different CSF prophylaxis
strategies from a clinical and economic perspective by
assessing the cost-effectiveness of PP versus SP using a
biosimilar filgrastim (specifically filgrastim-sndz) in patients
with breast cancer, non-small-cell lung cancer (NSCLC),
and non-Hodgkin lymphoma (NHL) receiving potentially
curative chemotherapy.

METHODS
Model Structure

Building on previously published cost-effectiveness analyses
in FN, a Markov cycle tree—based model was constructed in
Microsoft Excel to evaluate the cost-effectiveness of PP
versus SP with a biosimilar filgrastim (specifically filgrastim-
sndz) from the US payer perspective.2° The model eval-
uated CSF prophylaxis strategies for the most common
intermediate-risk chemotherapy regimens in patients with
breast cancer (adjuvant docetaxel), NSCLC (adjuvant
carboplatin and paclitaxel), and NHL (rituximab, cyclo-
phosphamide, doxorubicin, vincristine, and prednisone [R-
CHOPI). Because of the novelty of COVID-19, the rapidity of
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change, and the underlying complexities of its care pat-
terns, characteristics surrounding the complications of
infection with COVID-19 were not incorporated into the
model.

The general model structure diagram for breast cancer,
NSCLC, and NHL is presented in Appendix Figure Al,
online only. The model structure for each analysis was
adapted to the specific number of cycles for each cancer
type. The first cycle of each regimen was represented as a
decision tree with the two arms to pursue either a PP or SP
strategy. Based on the risk of FN during the first cycle,
patients either developed FN or completed the cycle
without FN.

A Markov cycle tree was employed to represent the re-
mainder of chemotherapy. Patients were tracked to de-
termine their history of FN and repeated the Markov cycle
until completing up to the maximum number of cycles. In
each cycle, patients with a history of FN (v patients without
a history of FN) experienced a higher FN risk based on a
value cited in previously published economic evaluations. If
FN occurred, patients were treated in an inpatient or an
outpatient setting and either died from FN or survived to the
next cycle of chemotherapy. All deaths during chemo-
therapy were assumed to be FN-related and to occur at the
end of each cycle.

The postchemotherapy phase of the model followed 1-year
Markov cycles. Initially, patients were stratified into two
groups based on the risks of receiving a suboptimal che-
motherapy dose with and without a history of FN. In ac-
cordance with previous clinical and cost-effectiveness
research, patients with suboptimal chemotherapy delivery
were at higher annual risk of cancer-related death. 20 years
post-chemotherapy, mortality reverted to standard age- and
sex-related rates. The primary outcomes of the analysis
were incremental costs per FN event avoided, per life year
(LY) gained, and per quality-adjusted life year (QALY)
gained. Cost-effectiveness was assessed at the commonly
cited willingness-to-pay (WTP) thresholds of $50,000 in US
dollars (USD), $100,000 USD, and $150,000 USD, using a
biosimilar filgrastim (specifically filgrastim-sndz) SP as the
reference comparator.

Model Parameters

All model inputs are presented in Table 1. In each analysis,
the age at which patients entered the cohort varied
according to their cancer type. Similarly, the baseline FN
risks for each cancer type were selected to reflect the real
world and focus on intermediate risk. Baseline FN risk for
breast cancer was derived from patients having at least one
FN risk factor based on the premise that patients received
doxorubicin plus cyclophosphamide before docetaxel.?
Baseline FN risk for NSCLC was also based on patients
having at least one risk factor given that more than 90% of
patients with NSCLC receiving carboplatin plus paclitaxel
have at least one risk factor.'® For NHL, no additional FN
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TABLE 1. Model Parameters

Primary FN Prophylaxis With Biosimilar Filgrastim

Parameter Base-Case Value (Range for PSA)® Distribution Reference
General population and treatment inputs
Discount rate 0.030 (0.010-0.050) Beta Assumption
Patient sex (% male)® BRCA: 0.000 (0.000-0.000) Beta Assumption
NSCLC: 0.650 (0.585-0.715) Strauss et al**
NHL: 0.516 (0.464-0.567) Lyman et al*!
Patient weight (kg) BRCA: 60.6 (54.5-66.7) Normal Weycker et al®®
NSCLC: 70.3 (63.3-77.4) Criss et al*®
NHL: 75.0 (67.5-82.5) Fust et al®
Baseline FN risk (over all cycles)® BRCA: 0.160 (0.100-0.200) Beta Sparano et al?’
NSCLC: 0.180 (0.100-0.200) Weycker et al*°
NHL: 0.180 (0.100-0.200) Lyman et al*!
Probability and effectiveness inputs
RR of FN in cycles 2+ and no history of FN (v cycle 1) 0.21 (0.16-0.29) Lognormal  Whyte et al,®® Fust et al’
RR of FN in cycles 2+ and history of FN (v no history) 9.09 (6.19-13.35) Lognormal Whyte et al,?® Fust et al®
RDI < X% and no history of FN BRCA (85%): 0.309 (0.278-0.340) Beta Veitch et al®®
NSCLC (85%): 0.250 (0.225-0.275) Crawford et al*
NHL (90%): 0.408 (0.367-0.449) Pettengell et al®!
RDI < X% and history of FN BRCA (85%): 0.488 (0.371-0.649) Beta Veitch et al*®
NSCLC (85%): 0.383 (0.345-0.421) Crawford et al*®
NHL (90%): 0.706 (0.635-0.777) Pettengell et a®!
Shayne et al®?
RR of FN for filgrastim (v no CSF) 0.42 (0.30-0.57) Lognormal Wang et al*®
Resource utilization inputs
% of patients self-administering CSF 0.200 (0.000-0.400) Beta Fust et al®
% of FN events requiring hospitalization BRCA: 0.832 (0.795-0.863) Beta Weycker et a**
NSCLC: 0.832 (0.795-0.863) Weycker et al**
NHL: 0.754 (0.679-0.829) Chrischilles et al,*® Lyman et al'!
LOS for FN hospitalization, PP (days) BRCA: 2.6 (2.0-3.4) Normal Clark et al,*® Kawatkar et al®®
NSCLC: 4.3 (3.3-5.6) Clark et al,*® Kawatkar et al*®
NHL: 3.1 (0.0-7.7) Chrischilles et al®®
LOS for FN hospitalization, SP (days) BRCA: 4.1 (3.7-4.5) Normal Kawatkar et al*®
NSCLC: 6.8 (5.7-8.3) Kawatkar et al®°
NHL: 8.2 (6.7-10.3) Chrischilles et al®®
Pharmacy and medical cost inputs, 2020 USD
Filgrastim-sndz (per mcg) 0.43 (0.39-0.47) Gamma CMS ASP July 20202
CSF administration by clinician® 38 (34-42) Gamma CMS Physician Fee Schedule 2020°”
FN event requiring hospitalization (per day) BRCA: 5,019 (4,649-5,508) Gamma Kawatkar et al,?® BLS®®
NSCLC: 5,075 (4,231-6,170)
NHL: 5,075 (4,248-6,056)
FN event treated in outpatient setting BRCA: 2,815 (2,671-2,977) Gamma Kawatkar et al,*® BLS"
NSCLC: 3,797 (3,179-4,600)
NHL: 3,417 (3,064-3,830)
Health utility inputs
During chemotherapy BRCA: 0.55 (0.50-0.61) Beta Camara et al*®
NSCLC: 0.57 (0.51-0.63) Bezjak et al*®
NHL: 0.61 (0.49-0.73) Hill et al,® Fust et al®
During FN hospitalization 0.33 (0.27-0.40) Beta Hill et al,® Fust et al®
After chemotherapy (year 1) BRCA: 0.66 (0.59-0.73) Beta Camara et al*®

NSCLC: 0.72 (0.65-0.79)
NHL: 0.79 (0.62-0.92)

Bezjak et al*®
Hill et al,® Fust et al®

(continued on following page)
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TABLE 1. Model Parameters (continued)

al

Parameter Base-Case Value (Range for PSA)® Distribution Reference
After chemotherapy (year > 1) BRCA: 0.86 (0.77-0.95) Beta Whyte et al®®
NSCLC: 0.69 (0.62-0.76) Bezjak et al*®
NHL: 0.89 (0.79-0.96) Hill et al,? Fust et al®
Mortality inputs
Cancer-related 1-year mortality® BRCA: 0.0300 (0.0270-0.0330) Beta NCI Cancer Stat Facts*
NSCLC: 0.0600 (0.0540-0.0660) Strauss et al**
NHL: 0.0652 (0.0587-0.0717) NCI SEER NHL*!
Mortality during FN event (inpatient) BRCA: 0.0560 (0.0480-0.0630) Beta Dulisse et al*?
NSCLC: 0.1120 (0.1010-0.1230) Cupp et al*®
NHL: 0.0580 (0.0000-0.0890) Lyman et al,'° Fust et al®
Mortality during FN event (outpatient) BRCA: 0.0000 (0.0000-0.0000) Beta Rolston et al**
NSCLC: 0.0000 (0.0000-0.0000) Rolston et al**
NHL: 0.0050 (0.0000-0.0100) Lyman et al'®
HR for mortality and RDI < X% (v RDI = X%) BRCA (85%): 1.002 (0.657-1.527) Lognormal Veitch et al,?® Cespedes Feliciano et al*®

NSCLC (85%): 2.004 (1.159-3.463)
NHL (90%): 2.080 (1.190-3.700)

Ramsden et al*®
Fust et al®

Abbreviations: ASP, average sales price; BLS, Bureau of Labor Statistics; BRCA, breast cancer; CHOP, cyclophosphamide, doxorubicin, vincristine, and
prednisone; CPT, Current Procedural Terminology; CSF, colony-stimulating factor; FN, febrile neutropenia; HR, hazard ratio; LOS, length of stay; NHL, non-
Hodgkin lymphoma; NSCLC, non—small-cell lung cancer; PP, primary prophylaxis; RDI, relative dose intensity; RR, relative risk; SP, secondary prophylaxis.

@Unless otherwise specified, the parameter values presented apply to all three models.

®Low and high values are based on 90% and 110% of the base-case value, respectively.

°For BRCA, value is based on the FN rate for docetaxel every 3 weeks. For NSCLC, value is based on the FN risk over the treatment course in patients
receiving carboplatin and paclitaxel for nonmetastatic NSCLC and with = 1 risk factor for FN. In the analysis, 97.3% of such patients had = 1 risk factor and
only 12.3% received CSF prophylaxis in the first cycle. For NHL, value is based on the cumulative probability of FN over 126 days of CHOP therapy for patients
with 2 risk factors.

9Based on national payment amount for CPT code 99211 (office visit) plus CPT code 96372 (subcutaneous injection).

°For BRCA and NHL, value is based on % survival over 5 years with the respective cancer, and the 1-year probability for death was calculated by first
converting the 5-year probability to the instantaneous rate using the following equation: r = —[In(1 — P)I/t.

risk factors were the basis of the baseline risk, as patients
receiving R-CHOP have a baseline FN risk of approximately
18% and additional risk factors would place patients above
intermediate risk.!!

As the risk for FN over the entire course of chemotherapy is
greatest in the first cycle, baseline cycle-specific FN risk
was calculated as the risk in patients without a history of FN
and without CSF prophylaxis. This baseline risk was de-
creased in patients who received CSF prophylaxis. History
of FN increased the likelihood of subsequent FN events.
Patients who experienced FN events received treatment in
the inpatient or outpatient setting and had an increased
likelihood of receiving reduced doses of chemotherapy.

Biosimilar filgrastim costs were based on the average sales
price of filgrastim-sndz as of July 2020.%? Other costs in-
cluded CSF administration, inpatient FN management, and
outpatient FN management and were adjusted to 2020
USD.!® Chemotherapy costs were excluded from the
analysis as they were assumed to be equivalent between
patients receiving PP and SP. Similarly, the difference in
chemotherapy costs for patients receiving low versus high
relative dose intensity was assumed to be negligible.
Postchemotherapy costs were assumed to be unaffected by
prophylaxis strategy and were also excluded.

e1238 © 2021 by American Society of Clinical Oncology

QALYs were calculated by applying utility weights to the
estimated LYs. We accounted for quality of life during
chemotherapy, during FN hospitalization, and after che-
motherapy. The improvement in quality of life experienced
1 year after chemotherapy was assumed to remain con-
stant until death. Mortality during chemotherapy was FN-
related. Cancer-related mortality subsequently affected
patients until 20 years after chemotherapy, after which
standard US death rates applied.**

Sensitivity Analyses

Alternative parameter values were tested via a one-way
sensitivity analysis to evaluate the impact of each parameter
on the models’ outcomes. In addition, a probabilistic
sensitivity analysis (PSA) accounted for joint uncertainty
among all model parameters and assessed the likelihood of
cost-effectiveness of PP over a range of WTP thresholds.
The PSA simulated 1,000 iterations, with parameter values
sampled simultaneously from their individual distributions.

RESULTS

The base-case results for the breast cancer, NSCLC, and
NHL analyses are presented in Table 2. Over all three
cancer types, biosimilar filgrastim (using filgrastim-sndz) as
PP versus SP provided an additional 0.102-0.144 LYs and

Volume 17, Issue 8



Primary FN Prophylaxis With Biosimilar Filgrastim

TABLE 2. Base-Case and PSA Results by Cancer Type

Comparator Costs FN Events Avoided LYs QALYs  ICER ($/FN Event Avoided) ICER ($/LY) ICER ($/QALY)
Base-case results: BRCA
PP $5,364 USD 0.138 13.625 11515 $19,677 USD $31,077 USD  $35,563 USD
SP $3,359 USD 0.036 13560 11.458 Reference Reference Reference
Base-case results: NSCLC
PP $6,704 USD 0.157 8.623 5940 $5,660 USD $5,123 USD $7,213 USD
SP $6,053 USD 0.042 8.496 5.850 Reference Reference Reference
Base-case results: NHL
PP $9,186 USD 0.173 8.368 7.284  $20,806 USD $17,146 USD  $18,971 USD
SP $6,723 USD 0.055 8.224 7.154  Reference Reference Reference
Mean FN Events ICER ($/FN Event
Comparator Mean Costs Avoided Mean LYs Mean QALYs Avoided) ICER ($/LY) ICER ($/QALY)
PSA results:
BRCA
PP $5,391 USD 0.137 13.720 11.570 $20,808 USD $32,751 USD $37,543 USD
95% Cl $4,671 to 0.079t0 0.216  10.911 to 16.423 8.888 to 14.112 $6,653 to $9,831 to $11,258 to
$6,185 USD $43,079 USD $86,298 USD $100,062 USD
SP $3,353 USD 0.037 13.655 11.513 Reference Reference Reference
95% Cl $2,336 to 0.015t0 0.074 10.855t0 16.331 8.848 to 14.047
$4,620 USD
PSA Results:
NSCLC
PP $6,766 USD 0.158 8.666 5.972 $6,399 USD $5,947 USD $8,272 USD
95% Cl $5,711 to 0.094 to 0.237 7.25910 10.202 4.8611t07.146 —$10,098 to —$9,500 to —$13,199 to
$8,159 USD $27,385 USD $26,055 USD $36,128 USD
SP $6,119 USD 0.044 8.539 5.882 Reference Reference Reference
95% Cl $4,058 to 0.020 to 0.079 7.124 10 10.086 4.786 to 7.047
$8,859 USD
PSA results:
NHL
PP $9,189 USD 0.175 8.476 7.378 $21,476 USD $18,024 USD $19,738 USD
95% Cl $7,564 to 0.104 to 0.273 6.801 to 10.520 5.789t09.286 —$2,405 to —$2,439 to —$2,640 to
$11,168 $54,655 USD $67,331 USD $76,839 USD
usb
SP $6,730 USD 0.057 8.335 7.250 Reference Reference Reference
95% Cl $4,435 to 0.025 to 0.107 6.666 to 10.422 5.656 to 9.239
$9,730 USD

Abbreviations: BRCA, breast cancer; FN, febrile neutropenia; ICER, incremental cost-effectiveness ratio; LY, life year; NHL, non-Hodgkin lymphoma;
NSCLC, non-small-cell lung cancer; PP, primary prophylaxis; PSA, probabilistic sensitivity analysis; QALY, quality-adjusted life year; SP, secondary

prophylaxis.

0.065-0.130 QALYs at an incremental cost ranging from
$650 to $2,463 USD. The incremental cost-effectiveness
ratios (ICERs) ranged from $5,660 to $20,806 USD per FN
event avoided, $5,123 to $31,077 USD per LY gained, and
$7,213 to $35,563 USD per QALY gained, with NSCLC
reflecting the lowest ICERs.

According to the one-way sensitivity analysis results on cost
per QALY gained, for breast cancer, variation in baseline FN
risk, mortality hazard ratio for low relative dose intensity,
and the relative risk of FN with filgrastim versus no CSF

JCO Oncology Practice

exerted the greatest influence over the results. For NSCLC
and NHL, the most influential parameters were baseline FN
risk, mean length of stay for hospitalization (SP), and the
cost of an FN event requiring hospitalization.

When the baseline FN risk was adjusted to 10%-20% for
the breast cancer model, the results ranged from $86,573
to $18,995 USD per QALY gained, respectively. When
similar adjustments were made in the NSCLC model, the
results ranged from $53,670 to $1,467 USD per QALY
gained. Finally, for the NHL model, the results ranged from
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$67,238 to $12,884 USD per QALY gained when adjusting
the baseline FN risk to 10% and 20%, respectively.

Adjusting the average sales price of filgrastim-sndz by 90%-
110% of baseline had less of an impact on the model
results than baseline FN risk. For breast cancer, the results
varied from $30,056 to $41,070 USD cost per QALY
gained, whereas for NSCLC and NHL, the results ranged
from $3,250 to $11,177 USD and $14,593 to $23,349
USD, respectively.

The results of the three PSAs are presented as cost-
effectiveness acceptability curves ranging from WTP
thresholds per QALY gained of $0 to $150,000 USD (Fig 1).
For breast cancer, the likelihood of cost-effectiveness at a
WTP threshold of $50,000 USD per QALY gained was
73.6%. For NSCLC and NHL, the likelihood of cost-
effectiveness at a WTP threshold of $50,000 USD per
QALY gained was 99.4% and 91.8%, respectively.

DISCUSSION

Based on our analysis, using a biosimilar filgrastim (spe-
cifically filgrastim-sndz) as PP is a cost-effective approach
to avoid FN events, which reduces the need for patients to
receive hospital or outpatient care. This is especially im-
portant for reducing transmission of SARS-CoV-2 among
patients with cancer, who are highly susceptible to the
complications of COVID-19.5 By mitigating the risk of FN in
patients receiving chemotherapy with intermediate to high
FN risk, the expanded use of CSF further contributes to
efficient care management given facility, resource, and
staffing labor constraints during the COVID-19 pandemic,
while maximizing curative potential.®

As SARS-CoV-2 is expected to be endemic,'® the cost-
effectiveness of biosimilar filgrastim in intermediate FN risk
regimens raises the possibility that this should be a standing
recommendation within practice guidelines. There is his-
torical precedent for re-evaluating risk thresholds informing
the use of PP against FN. In 2006, ASCO lowered the
definition of high risk for FN, the risk at which PP is rec-
ommended, from 40% to 20%.'%'7 Although the recom-
mendation was informed primarily by clinical efficacy data
for CSF in patients with an FN risk of approximately 20%, an
economic analysis published before the guideline update
illustrated that the added costs of more widespread CSF
use at the lower threshold were offset by reductions in
hospitalization costs.'®

The introduction of biosimilar CSFs has led to the reduction
in drug prices for historically expensive therapies. The
availability of biosimilar CSFs makes this cost-effectiveness
analysis more relevant, as previously published US cost-
effectiveness analyses focused only on the originator
products and therefore do not reflect the present US market
for CSFs.21° The present analysis supports the use of CSFs
in patients receiving intermediate-risk chemotherapy in
addition to currently available clinical trial data that show

e1240 © 2021 by American Society of Clinical Oncology

benefit of PP for chemotherapy regimens in solid tumors
and NHL.

Before COVID-19, utilization of CSF PP was relatively low in
patients receiving chemotherapy regimens at intermediate
risk of FN. For example, PP with either filgrastim or peg-
filgrastim was provided to only about 20.7 % of patients and
SP to 45.7% of patients receiving R-CHOP-21.2° These
real-world prophylaxis rates suggest that a significant
portion of patients are at risk for FN and subsequent
hospitalization and increased mortality because of this
potentially preventable adverse event.

Especially in the current environment where value for
money is an urgent focus of providers, governments, and
manufacturers, the expanded use of PP also has the po-
tential to contribute to value-based care. In 2016, the
Centers for Medicare & Medicaid Services launched the
OCM, a system that incentivizes practice advancements
and value-based care in oncology. OCM-participating
practices must reduce drug costs and meet certain qual-
ity measures, including reducing emergency department
visits that do not lead to hospital admission.?* Expanding
the PP use of CSF has the potential to reduce emergency
department visits and hospital admissions. As the OCM
transitions toward the Oncology Care First Model, it will
continue to focus on the concept of value-based care by
expanding on the enhanced services provided to benefi-
ciaries. Oncology Care First Model is seen as a likely in-
termediate step toward an oncology bundled payment
structure where reimbursement for all services during an
episode will be based on a prospective payment system.??
Under this model, practices will have more incentive to
reduce their drug costs and provide the most cost-effective
therapies to their patients.

Our study has some limitations. First, in the absence of
data for each cancer type, some inputs were based on
studies that examined patients with different cancer
types. However, we believe the data used in this analysis
represent reasonable and conservative estimates of re-
ality. The structure of the analyses likely represents a
simplification of the complex interplay between disease,
treatments, and costs. The models assumed only one
episode of FN per cycle, and no adverse events were
included. The analyses also only evaluated short-acting
CSFs, whereas long-acting agents are more commonly
used for prophylaxis. Furthermore, the inputs for the
percentage of patients requiring hospitalization to treat
FN were derived from data that predated more recent
guidance that emphasizes outpatient management of FN.
These are areas of need for future research. Finally,
because of the velocity of new information regarding
COVID-19 and its novelty, we did not consider how in-
fection introduced through FN management might affect
the results. During the time of the COVID-19 pandemic,
these results may be viewed as conservative estimates for
the cost-effectiveness of using biosimilar filgrastim
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(specifically filgrastim-sndz) as a PP strategy. Real-world
evidence studies should be conducted to evaluate the
impact of these recommendations on population-based
outcomes. In the future, the use of machine learning may

be viable for reducing the uncertainty within complex
health economic models, but this is still in its infancy and
not yet the preferred approach by health technology
assessment organizations.?®
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FIG 1. PSA cost-effectiveness acceptability curves. Cost-effectiveness acceptability curves illustrating the probability of PP with biosimilar filgrastim

being cost-effective relative to SP across a range of WTP thresholds for cost per FN

avoided, cost per LY gained, and cost per QALY gained. Curves are

shown for (A) breast cancer, (B) NSCLC, and (C) NHL. FN, febrile neutropenia; LY, life year; NHL, non-Hodgkin lymphoma; NSCLC, non-small-cell lung
cancer; PP, primary prophylaxis; PSA, probabilistic sensitivity analysis; QALY, quality-adjusted life year; SP, secondary prophylaxis; WTP, willingness to

pay.
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In conclusion, PP with biosimilar filgrastim is cost-
effective in patients receiving intermediate-risk, cura-
tive chemotherapy regimens for breast cancer, NSCLC,
and NHL. In the era of COVID-19 and value-based care,
the use of biosimilar filgrastim has valuable potential
to reduce complications associated with unnecessary
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FIG A1. General model structure. In addition to health care costs, the model was designed to evaluate the total number of FN events
avoided, total LYs, and total QALYs over (A) the first cycle of chemotherapy, (B) subsequent cycles of chemotherapy, and (C)
postchemotherapy over a lifetime horizon. The RDI threshold (X% in figure) was 90% for NHL and 85% for breast cancer and
NSCLC. FN, febrile neutropenia; LY, life year; NHL, non-Hodgkin lymphoma; NSCLC, non-small-cell lung cancer; QALY, quality-
adjusted life year; RDI, relative dose intensity.
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