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Introduction
The numbers are startling for the outbreak of a novel coronavirus, severe acute respiratory syndrome 
coronavirus 2 (SARS-COV-2). Coronavirus disease (COVID-19) is affecting more than 227 countries and 
territories. Globally, total cases are nearly 5.9 million as of May 291 and total deaths surpassed 363,000.1

In the United States, there are more than 1.74 million confi rmed total cases with more than 102,000 
deaths. Also, the cumulative hospitalization rate in the U.S. is approximately 73 per 100,000 people; 
and in the 65+ age group, this rate is more than triple.2

On May 1, 2020, Gilead Sciences and the U.S. Government announced an Emergency Use Authorization 
(EUA) for remdesivir3, the fi rst antiviral therapeutic for treating COVID-19. A week later, the Japanese 
Regulatory Authority approved VEKLURY® (remdesivir).4 Japan, United Kingdom, Taiwan and the U.S 
are currently the only countries to authorize use of remdesivir for treatment of COVID-19. The European 
Medicines Agency is continuing its rolling review of remdesivir, and on May 11, 2020, recommended 
expanding the compassionate use of the investigational medicine remdesivir so that more patients with 
severe COVID 19 can be treated.5

   

Gilead announced it will donate its entire remdesivir stockpile to the U.S. Government (~1.5 million doses) 
and boost production to provide more than 1.5 million additional treatment courses by year end.6

If required, production is expected to continue to ramp up through 2021 to replenish and grow the 
stockpile (Figure 1). Ongoing clinical trials continue to evaluate remdesivir’s safety and effi cacy.

To meet the high demand for remdesivir is an immense task and requires extraordinary coordination and 
cooperation on an unprecedented and global scale. Gilead said it will build a geographically diverse 
consortium of pharmaceutical and chemical manufacturing companies, and announced signing non-
exclusive licensing pacts with fi ve generic drug makers, voluntarily sharing its knowledge to produce 
remdesivir across the globe. Gilead recognized early that to deliver remdesivir worldwide to the patients in 
need requires establishing numerous partnerships.7,8

Figure 1

Working to supply remdesivir for COVID-19
“Since the moment the novel coronavirus that causes COVID-19 was identifi ed, Gilead has mobilized 

every area of our organization to respond to the global health emergency.”
https://www.gilead.com/

Every day we are improving processes, shortening timelines and 
increasing volumes as we work to bring remdesivir to patients as 
soon as possible. Our goal is to produce a total of:

• More than 140,000 treatment courses by the end of May 2020
• More than 500,000 treatment courses by October 2020
• More than 1 million treatment courses by December 2020
• Several million treatment courses in 2021, if required

The numbers above are based on a 10-day treatment course

https://gilead.com/purpose/advancing-global-health/covid-19/
working-to-supply-remdesivir-for-covid-19
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Captisol Technology

Captisol is a proprietary sulfobutylether-cyclodextrin process-specifi c composition that is a mixture of 
regional and positional isomers consistently produced via a patented all-aqueous process originally 
discovered at the University of Kansas.9 The motivation for Captisol’s discovery was to provide a 
parenterally safe material broadly applicable across all drug classes for solubilizing and stabilizing 
intractable drug candidates as opposed to historically used toxic cosolvents and surfactants. It works 
predominantly by a transient and reversible cyclodextrin (CD) host-guest association complex whereby 
a hydrophobic region or moiety of a wide range of substrates (drugs) is attracted to the hydrophobic 
cyclodextrin cavity (Figure 2). This forms the basis for use to increase solubility, stability, and bioavailability 
of drugs.10 Captisol can also have extra cavity interactions with the 4-carbon linker or electrostatic with 
the anionic sulfonate. And more recently, it has been observed that other types of complexes, such as 
non-inclusion complexes can form, and CDs can self-assemble to form nanosized aggregates; both can 
contribute to their solubilizing properties.11

Fifteen human drug products have been approved using Captisol (including this EUA, tentative approvals, 
and approvals outside the U.S.). There are many Captisol®-enabled products in all phases of product 
development (Figure 3).

As the owner of the innovator technology Captisol, Ligand 
Pharmaceuticals has invested to increase cGMP production capacity, 
establishing manufacturing at two geographically distinct locations, 
establishing storage and distribution from multiple sites in the U.S. 
and overseas, and also establishing relationships with several 
Contract Research Organizations (CROs) to practice monograph 
test methods to perform release testing for Captisol partners.

Ligand has also established vast Drug Master Files in the U.S., 
Canada, China, and Japan, and has a voluminous safety 
database grown by Ligand and partners investing in preclinical 
development. Ligand has invested in continuous improvement 
in the control and cGMP manufacturing of Captisol. Ligand and 
its manufacturing partners have discovered all-aqueous processes 
to reduce or remove undesirable impurities such as phosphate, 
chloride, and color that have resulted in proprietary compositions.

Figure 2  How Captisol Works

Figure 3 
Captisol®-enabled programs by 

development phase

*Includes US, tentative and exUS-only approvals

establishing manufacturing at two geographically distinct locations, establishing manufacturing at two geographically distinct locations, 
establishing storage and distribution from multiple sites in the U.S. establishing storage and distribution from multiple sites in the U.S. 
and overseas, and also establishing relationships with several and overseas, and also establishing relationships with several 
Contract Research Organizations (CROs) to practice monograph Contract Research Organizations (CROs) to practice monograph 
test methods to perform release testing for Captisol partners.test methods to perform release testing for Captisol partners.

Ligand has also established vast Drug Master Files in the U.S., Ligand has also established vast Drug Master Files in the U.S., 
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CAPTISOL is a Key Functional Excipient in Remdesivir/VEKLURY® 12,13

Antiviral MW
g/mole

Water Solubility*
mg/ml Log Po/w*

remdesivir 602 0.339 2.2

favipravir 157 8.7 0.49

ribavirin 244 33.2 -1.9

sofosbuvir 529 0.824 1.6

lopinavir 629 0.00192 3.91

ritonavir 721 0.00126 3.9

galidesivir 265 7.42 -1.2

Table 1  Selected Antivirals

*Values from https://www.drugbank.ca/

Remdesivir, like some other antivirals listed in Table 1, has poor predicted solubility14 and poor stability.15

Molecular Dynamics (MD) was used to perform a preliminary view of the interaction of Captisol with 
remdesivir (Figure 4).16 Several sets of MD simulations were performed starting from pre-assembled 
Captisol- remdesivir complexes in pre-equilibrated-explicit Simple Point-Charge (SPC) water model. 
Six representative structures of Captisol, using different locations for 6 or 7 sulfobutylether substitutions 
in the positions 2, 3 and 6 of βCD were employed. Four replicas of each system (50 ns-long each) were 
performed, using different orientations of remdesivir inside the cavity. For additional technical details for the 
MD simulations, please see Garrido et.al.17 or contact Dr. Garcia-Fandiño.

Figure 4

MD Simulation Snapshots
Remdesivir (in green) stable inside Captisol

Top view Side view Bottom view
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The interactions of Captisol with remdesivir readily produce a clear solution (Figure 5) or lyophilized 
solid presentations of remdesivir, i.e. Lyophilized Powder and Injection Solution with drug – Captisol 
amounts in Table 2 as described in the EUA Fact Sheet for Health Care Providers12 and Gilead 
Remdesivir Pharmacy Guide.13

As a ready-made solution, the EUA Fact Sheet and Pharmacy Guide states to store remdesivir injection 
solution (contains 6 grams Captisol) at refrigerated temperature, whereas for the lyophilized powder 
(contains 3 grams Captisol), store at room temperature below 30°C.12,13

The use of high Captisol to API ratios in 
Captisol®-enabled products is not unusual (Table 3), 
but does dictate bulk requirements. Given the large 
amounts of Captisol used in the formulations, quality, 
purity, and reproducibility are all very critical.

Figure 5

Simple demonstration illustrates Captisol’s ability to dissolve remdesivir

Table 2

Remdesivir Compositions 
[EUA FACT SHEET FOR HCPS12 and 

Pharmacy Guide13]

Table 3

Formulation Ratios of Selected 
Captisol®-enabled Commercial Products
*References: Product Labels 

plus

Each vial contains 100 mg of remdesivir, without (left) or with (right) Captisol (3 g).  Internal demonstration performed by WuXi AppTec 
following a procedure adapted from Example 1 in US 2019 / 0083525 A1 Larson; Pub. Date: Mar. 21, 2019. 

.

Remdesivir mixed in a 
Captisol to API ratio 
of 30:1 results in a 

solubilized, clear solution

Component Lyophilized Powder Injection Solution

remdesivir 100 mg 100 mg

Captisol 3000 mg 6000 mg

Ratio
Captisol/remdesivir 30:1 60:1

Drug/active
(Approval Year)

Captisol to API*
(weight : weight

BAXDELA®/ 
delafloxacin (2017) 8:1

NEXTERONE®/ 
amiodarone (2010) 10:1

VFEND®/
voriconazole (2002) 16:1

NOXAFIL®/ 
posaconazole (2014) 22:1

KYPROLIS®/ 
carfilzomib (2012) 50:1

ZULRESSO®/ 
brexanolone (2019) 50:1

EVOMELA®/ 
melphalan (2016) 54:1
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Summary
Ligand supports Gilead and the remdesivir manufacturing consortium with Captisol. More Captisol than 
ever is required to meet Gilead’s bold goals of making remdesivir available to COVID-19 patients in 
the U.S. and to hundreds of countries around the world. Ligand announced it plans investment in capital 
equipment that may possibly allow the cGMP annual production capacity for Captisol to increase to as 
much as 500 MT. Captisol production is supported by other raw material suppliers. For example, Wacker 
Chemie AG supplies native �β-cyclodextrin that undergoes further processing by Ligand. Critical links 
throughout the Ligand supply chain are being maintained and managed to expand the supply of Captisol.

Ligand, along with a network of suppliers and manufacturers, is among the critical supply chain links to 
support Gilead and its partners to urgently produce remdesivir.
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