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Abstract

Due to the complexity and fragility of biological drug products, several challenges exist in

their formulation development. Excipients are added to increase product stability, maintain

tonicity, and facilitate drug delivery. The potential implications of these additive substances

merit clinical consideration. We assessed the safety risk of excipients on the basis of their

type and variability through an assessment framework, which quantifies excipient complex-

ity in 230 biological formulations, and identifies excipient-related adverse events through

published case reports. A biologic on average contained 4.45 excipients, half of that found

in oral medications. The frequency distribution was heavily skewed towards the most com-

monly occurring excipients: water (40.4%), sodium chloride (38.3%), polysorbate 80

(28.7%), sucrose (24.4%), and mannitol (20.9%), with 44.4% of formulations not listing the

concentration of the most commonly occurring inactive ingredients. A literature search

revealed only 17 case reports of excipient-related adverse events, suggesting the need for

more clarity for clinicians on the safety of chemical additives. These cases included injection

site reactions, anaphylaxis, hyperglycemia, and acute renal failure. With the expansion of

the biopharmaceutical market, it is important to consider the safety data of biologic excipi-

ents, so that therapy can be tailored appropriately for a specific patient.

Introduction

Pharmaceutical formulation of a drug product consists of the active pharmaceutical ingredient

(API) and excipients—the inactive ingredients that the U.S. Food and Drug Administration

(FDA) broadly defines as “any component of a drug product other than an active ingredient”

[1]. The API of a biologic is most commonly a growth factor, hormone, interferon, monoclo-

nal antibody, or other peptide or protein. These large molecule compounds can range any-

where from 600 to 150,000 Daltons [2] and most require parenteral administration due to

their high molecular weight and low stability properties leading to the risk of denaturalization

and proteolytic enzymatic degradation in the gastrointestinal tract.

Excipients are added to the API to increase their stability and preservation, maintain tonic-

ity, and facilitate drug delivery, ensuring the development of the most efficacious medicine
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that avoids immunogenic or other side effects. Due to the complexity and fragility of these

active compounds, several challenges exist in formulation development of a biologic. First, sta-

bility and preservation present a significant challenge as the API of a biologic is more unstable

than in small molecule drugs. In addition, protein-based therapeutics have a potential to cause

an immunogenic response leading to adverse events that are often not discovered until after

the medicine is on the market. Lastly, most of these medicines must be developed in a liquid

form for compatibility with subcutaneous, intramuscular, or intravenous administration.

Despite the challenges in formulation development, biologics are the fastest growing thera-

peutic class of medications. In the United States, biologics comprise 40 percent of total spending

on prescription drugs [3]. They represented 70 percent of the growth in drug spending from

2010 to 2015 and are forecasted to be the fastest growing sector of the pharmaceutical industry

[3]. This includes the development of biosimilar formulations, which are expanding rapidly due

to the anticipated patent expirations of many biologics. The U.S. FDA defines a biosimilar as a

“biological product that is highly similar to the reference product notwithstanding minor differ-

ences in clinically inactive components and that has no clinically meaningful differences in

terms of safety, purity or potency from an existing FDA-approved reference product” [4].

As more biologics are developed and adoption of biosimilars spreads, ensuring efficacy,

safety and quality of these medicines is an increasing priority. In 2018, U.S. FDA issued the

Biosimilars Action Plan (BAP) to stimulate development of biosimilars thereby increasing

competition in the biologics marketplace. Part of this plan focused on development of scien-

tific tools and resources that would enhance understanding of appropriate analytical methods

to demonstrate biosimilarity and thus efficacy of the medicine relative to the reference product

[4]. A large part of ensuring safety and quality of medicines involves appropriate excipient

selection considering for instance that 92.8% of oral medicines contain at least one potential

allergen in its formulation [5]. Recent research in oral medications has shown that the “inac-

tive” ingredients are not as inert as the name suggests [5]. Similarly, inactive ingredients in

parenterally administered medicines have been associated with increased sensation of pain at

the injection site, and a review of factors impacting immunogenicity of biologics has identified

a number of inactive ingredients as potential causes [6–7]. These ingredients can exert adverse

effects on individuals with known sensitivities and intolerances, especially on vulnerable pedi-

atric and elderly populations with serious and life-threatening diseases that might require

treatment with unstable biological medicines.

Our objective is to assess the potential safety risk of biological formulations by correlating

with the type and variability of excipients used in the product development. We aim to propose

an excipient assessment framework to quantify the complexity of biological products by excipient

use frequency and their concentrations, and to identify the most commonly occurring excipients

found in large molecule medicines with reported adverse events based on published case reports.

We argue that excipients play a critical role in the safety profile of a biologic and their potential

adverse effects warrant serious clinical consideration to ensure safe medicine for each patient.

Methods

Our methods included a classification of biologic excipients, identification of their complexity

to identify their relevance, and a broad literature search to identify the extent of specifically

documented excipient adverse effects.
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Classification

Excipients used in biological medicines were categorized by function, class, and type of prod-

uct by adapting a variety of existing sources (Table 1). Further expansion and formal adoption

of this classification system to better fit biologics is warranted.

Complexity

We describe the complexity as consisting of the variability in excipient selected for use across

formulations and their concentrations in weight by volume. Complexity information about

currently marketed biological medicines and their formulations was extracted from two pri-

mary databases. The therapeutic peptides database (THPdb) is a comprehensive database of

approved therapeutic peptides and proteins that provides information about their indication,

pharmacokinetic and pharmacodynamic properties, formulation and other factors [2]. Dai-

lyMed is an official provider of U.S. FDA labeling information (package inserts) that includes

a comprehensive list of inactive ingredients in an approved medication and also the amount of

active and inactive ingredients in each formulation [11]. The DailyMed search was conducted

using the brand name of the medication listed in THPdb. A few brand names contained multi-

ple labels, each listing different excipients, in which case each preparation was considered as

its own unique formulation (Fig 1). We calculated the Gini coefficient to measure the variation

in use frequency of inactive ingredients [4]. A Gini coefficient is a measure of disparity that

ranges from 0 (perfect equality) to 1 (perfect inequality), and is often used to determine eco-

nomic equality. It is calculated as a ratio of the area above the distribution line, but below the

line of perfect equality, and the entire area below the line of perfect equality (S1 Fig). Applying

this measure to frequency of excipients use, a Gini index of 0 indicates that the use of an inac-

tive ingredient is equal to the use of every other inactive ingredient; in other words each inac-

tive ingredient is used at the same rate. As the Gini coefficient moves towards 1, the rate of

excipient use shifts towards more commonly occurring inactive ingredients. A Gini index of 1

indicates that only one ingredient is present across all medicines and no other inactive ingredi-

ents are used [4].

Table 1. Excipient functional category, class and types used in biologics.

Functional Categorya Excipient Classb Types

pH Modifier (Acidifying/Alkalizing/

Buffering Agent)

Buffering Agents Acetate, Citrate, Tartrate, Histidine, Glutamate, Phosphate, Tris, Glycine, Bicarbonate,

Succinate, Sulfate, Nitrate

Tonicity Agent Tonicity Modifiers Mannitol, Sorbitol, Lactose, Dextrose, Trehalose, Sodium Chloride, Potassium Chloride,

Glycerol, Glycerin

Bulking Agent Sugars and polyols Sucrose, Trehalose, Glucose, Lactose, Sorbitol, Mannitol, Glycerol

Amino Acids Arginine, Aspartic Acid, Glutamic acid, Lysine, Proline, Glycine, Histidine, Methionine,

Alanine,

Polymers and proteins Gelatin, PVP, PLGA, PEG, dextran, cyclodextrin and derivatives, starch derivatives, HSA, BSA

Wetting and/or Solubilizing Agent Surfactants Polysorbate 20 (Tween 20), Polysorbate 80 (Tween 80), Poloxamer (Pluronic F68 and F127),

Triton X-100, Brij 30, Brij 35

Antioxidant Antioxidant

Preservatives

Histamine, methionine, ascorbic acid, glutathione, vitamin E, poly(ethylenimine)

Antimicrobial Preservative Antimicrobial

Preservatives

Benzyl alcohol, metacresol, phenol, 2-phenoxyethanol

Chelating and/or Complexing Agents Chelator Preservatives Edetate disodium, diethylenetriamine pentaacetic acid (DTPA), citric acid, hexaphosphate,

thioglycolic acid, zinc

aFunctional category modified from USP-NF 42–37 [8].
bExcipient class adapted from “Excipient selection in biologics and vaccines formulation development” [9] and “Excipients Used in Biotechnology Products” [10].

https://doi.org/10.1371/journal.pone.0235076.t001

PLOS ONE Clinical awareness of excipients in biologics

PLOS ONE | https://doi.org/10.1371/journal.pone.0235076 June 25, 2020 3 / 13

https://doi.org/10.1371/journal.pone.0235076.t001
https://doi.org/10.1371/journal.pone.0235076


The concentration of each inactive ingredient was recorded if listed under the “Ingredients

and Appearance” section of the DailyMed label. From these records, the average concentration

of inactive ingredients was calculated for medications with multiple volumes and for formula-

tions with varying concentrations of inactive ingredients. In addition, we calculated the range

and average concentration for the most commonly occurring inactive ingredients (excipients

occurring in more than 10 formulations). The concentrations of inactive ingredients were

recorded in weight by volume. Formulation labels that did not list concentrations of inactive

ingredients (N = 318 excipients) and formulations with unspecified volume (N = 15 excipi-

ents) were excluded from this analysis (Fig 1).

Adverse effect profiles

A literature search was conducted to understand the extent of adverse effects of excipients in

biologics. We narrowed the focus of our search to the largest three classes of excipients: surfac-

tants, sugars and polyols, and preservatives. More specific adverse effect profiles of excipients

in these three categories were constructed based on a PubMed search using three different

strategies. First, we looked at adverse event cases after administration of a biologic formulation

with high concentrations of a particular excipient. For this portion of the review, we narrowed

our search to the surfactants, sugars and polyols, and preservatives that occurred in more than

10 formulations. The excipients that were examined in this section were polysorbate 80,

sucrose, mannitol, polysorbate 20, citric acid, metacresol, sorbitol, phenol, and zinc. The

search terms used were excipient name and generic or brand name of the drug containing that

excipient. The top 10 percent of formulations containing the highest concentrations of the

excipient were included in the search (Table 2).

Our second approach focused on a search of all adverse drug reactions to excipients in bio-

logics followed by a third and narrower search focusing specifically on the anaphylaxis and

hypersensitivity case reports due to a surfactant, sugar or polyol, or preservative (Table 3). The

reviewed surfactants were polysorbate 80, polysorbate 20, and poloxamer 188. The sugars and

polyols group included sucrose, mannitol, sorbitol, trehalose, lactose, and glycerol or glycerin.

Finally, the preservatives that were included were citric acid, metacresol, phenol, zinc, methio-

nine, glutathione, benzyl alcohol, and edetate disodium. The terms used in the first phase of

the search were either the excipient class or specific excipient names, “adverse drug reaction,”

Fig 1. Data extraction methodology.

https://doi.org/10.1371/journal.pone.0235076.g001
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“adverse drug effect,” or “adverse effect,” and the terms “biologic,” “biosimilar,” “monoclonal

antibody,” “immunoglobulin,” “biopharmaceuticals,” or “biotherapeutic.” The second phase

of the search included the following terms: excipient class or excipient names, “anaphylaxis,”

“hypersensitivity” or “allergic reaction,” and again the terms “biologic,” “biosimilar,” “mono-

clonal antibody,” “immunoglobulin,” “biopharmaceuticals,” or “biotherapeutic.” The filters

for “humans” species and “case reports” article types were applied to all literature searches in

order to isolate human case studies only.

Results

Biologics and their inactive ingredients

A total of 230 formulations are included in this analysis encompassing 208 unique drugs (S1

Table). Of these, 188 (90.4%) are designed for intramuscular, intravenous, or subcutaneous

administration. Six medicines (2.9%) are taken by oral route, followed by 4 topical and intravi-

treal drugs (1.9%) in each respective drug delivery category. Almost a quarter of the medicines

(50 biologics) are monoclonal antibodies. The final list of 230 formulations contained a total of

1,024 inactive ingredients, of which 138 were unique. A few ingredients that differed only in

their hydrous state were combined into one unique entry resulting in 120 unique inactive

ingredients (S2 Table). Sodium chloride, polysorbate 80, sucrose, and mannitol are the most

common excipients after water. Polysorbate 20 and metacresol are 9th and 19th most common

ingredients, respectively, out of 120 different excipients.

Table 2. Number of search results of most commonly occurring excipients with highest concentrations.

Excipient Number of Formulations Included in the Search Number of Case Reports

Polysorbate 80 6 1

Sucrose 7 1

Mannitol 5 0

Polysorbate 20 3 2

Citric acid 2 0

Metacresol 2 1

Sorbitol 2 0

Phenol 2 0

Zinc 1 1

https://doi.org/10.1371/journal.pone.0235076.t002

Table 3. Number of search results of adverse drug reactions (ADRs) and anaphylaxis and hypersensitivity cases

due to an excipient in a biologic formulation.

Number of Search Results

Excipient Class and Name Adverse Drug Reaction

or Adverse Effect

Anaphylaxis or

Allergic Reaction

Surfactant or Polysorbate 3 6

By Excipient Name polysorbate 80, polysorbate 20,

poloxamer 188

1 2

Sugar or Polyol 4 4

By Excipient Name sucrose, mannitol, sorbitol, trehalose,

lactose, glycerol or glycerin

9 17

Preservative 0 0

By Excipient Name citric acid, metacresol, phenol, zinc,

methionine, glutathione, benzyl alcohol, edetate disodium

11 17

https://doi.org/10.1371/journal.pone.0235076.t003
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Complexity of formulations

Complexity of biological formulations is defined by the frequency of occurrence of inactive ingre-

dients and their concentration. A biological drug product on average contained 4.45 excipients,

half of that found in small molecule oral medications that contain 8.8 excipients on average [4].

The number of inactive ingredients in the 230 analyzed formulations ranged from 1 to 14

(median = 4) with only five biological products containing 10 or more excipients (Fig 2). The

most common inactive ingredients are water (40.4%), sodium chloride (38.3%), polysorbate 80

(28.7%), and sucrose (24.3%), occurring in over 50 formulations. Another twenty different excipi-

ents are found in 11 to 50 biological formulations. A little over 80 percent of all excipients found

in biologics occur in 10 or fewer formulations, with half of those only occurring once. We calcu-

lated a Gini coefficient of 0.706 which indicates that the frequency distribution of excipients is

skewed heavily towards fewer inactive ingredients, which are the most commonly occurring ones

(Fig 3). A complete list of inactive ingredients that occur in biologics is listed in S3 Table.

On average 44.4% of the biological formulations do not list the concentration of the most

commonly occurring inactive ingredients. Metacresol and zinc were the only commonly

occurring ingredients with listed amounts in over 90 percent of formulations followed by phe-

nol (72.7%), mannitol (70.8%), sodium phosphate dibasic (68.1%) and polysorbate 20 (66.7%)

(Table 4). Sugars and polyols occur at the highest concentrations followed by arginine hydro-

chloride and glycine amino acids. The average concentration of sucrose in 34 formulations is

72.7 mg per 1 ml. Sorbitol and mannitol occur at average concentrations of 42.71 mg/ml and

30.62 mg/ml, respectively. In comparison, the average concentrations of polysorbate 80 and

polysorbate 20 are 0.38 mg/ml and 0.14 mg/ml, respectively (Table 4).

Adverse reactions associated with excipients in biologics

Our review of surfactants, sugars and polyols, and preservatives produced only 17 case reports

of adverse events [15–28]. These cases included injection site reactions, multiple reports of

anaphylaxis, hyperglycemia, and acute renal failure.

Fig 2. Distribution of inactive ingredients in biologic formulations.

https://doi.org/10.1371/journal.pone.0235076.g002
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Of the 17 case reports found, six were due to an adverse effect to a surfactant [12–17]. These

include an 80-year-old female patient who developed an injection site reaction due to polysor-

bates in PCSK9i formulations [14]. Another was a 28-year-old woman with plaque psoriasis

who developed urticariform symptoms after an injection of adalimumab and subsequently uste-

kinumab. Both contained polysorbate 80 which was determined to be the cause of her reaction

based on a cutaneous skin test [15]. A third skin-prick confirmed excipient-caused adverse

event was of a teenager who developed an anaphylactic reaction 10 minutes after an injection of

omalizumab that contained polysorbate 20 [16]. Two more patients experienced similar ana-

phylactoid adverse reactions to polysorbate 20 in omalizumab in a separate case report [17].

Anti-asthmatic monoclonal antibody agent omalizumab contains the highest concentration of

polysorbate 20 at 0.36 mg/ml in a vial and 0.4 mg/ml in a pre-filled syringe formulation.

A literature search resulted in 23 case reports of adverse effects due to sugars and polyols;

however, 10 were excluded because they were not caused by the excipients with three case

reports confirmed through testing that the adverse effect was not due to any inactive ingredi-

ent in the formulation. Nevertheless, there were 10 cases of adverse effects due to sugars and

polyols found [18–27]. Of these, four cases were due to sucrose-induced reactions; four cases

were due to mannitol; one report implicated alpha-gal as the possible mechanism for anaphy-

laxis after a zoster vaccine [18]; and finally, one report described the anaphylactic reaction

experienced by a 6-year-old boy with a history of milk-allergy after inhalation of Inavir con-

taining lactose [19]. From the adverse effects due to sucrose, three case reports documented

patients that experienced acute renal failure attributed to significant amounts of sucrose in the

intravenous immunoglobulin (IVIg) formulations [20–22]. The other case report described

two patients with type 2 diabetes treated with omalizumab for severe persistent asthma that

Fig 3. Frequency of inactive ingredients in biologic formulations expressed as a Gini coefficient.

https://doi.org/10.1371/journal.pone.0235076.g003
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developed hyperglycemia implicating the high concentration of the sucrose excipient in omali-

zumab as the cause [23]. Another report was a phase I study of mannitol used to disrupt

restrictions from the blood-brain-barrier followed by cetuximab administration for recurrent

malignant glioma. Even though direct association was not addressed, the study reported that 2

patients experienced tolerable rash and 1 patient experienced anaphylaxis [24]. Three other

cases of mannitol-induced adverse effects described anaptyctic reactions, one of which resulted

in intraoperative death due to mannitol in thymoglobulin [25–27].

In examining literature for adverse effects to preservatives in biological products, one iso-

lated case report revealed zinc excipient as the offending agent causing generalized allergy in

an 11-year-old with type I diabetes treated with an insulin pump [28].

Discussion

In order to expand the knowledge of the complexity of biologic formulations, as defined in the

Methods section, and improve understanding of the extent of reported adverse events due to

Table 4. Concentrations of commonly occurring inactive ingredients in biologics.

Excipient Number of

formulations

containing the

excipient

Percentage of formulations

with listed concentration of

the excipient

Number of

formulations included

in mass analysis

Minimum mass

(mg) per 1 ml of

volume

Maximum mass

(mg) per 1 ml of

volume

Average mass

(mg) per 1 ml of

volume

water 93 0 0 – – –

sodium chloride 88 52.3% (46) 45 0.01 11.69 5.73

polysorbate 80 66 57.6% (38) 37 0.01 5.00a 0.38a

sucrose 56 60.7% (34) 31 4.00 500.00 72.20

mannitol 48 70.8% (34) 33 1.60 54.50 30.62

sodium phosphate

dibasic

47 68.1% (32) 31 0.20 13.45 2.25

histidine 40 62.5% (25) 23 0.04 7.76 2.03

sodium hydroxide 37 0 0 – – –

polysorbate 20 36 66.7% (24) 23 0.01 0.40 0.14

sodium phosphate

monobasic

35 65.7% (23) 21 0.22 12.70 2.12

hydrochloric acid 31 3.2% (1) 0 – – –

sodium citrate 28 50.0% (14) 13 0.30 12.94 4.56

glycine 27 37.0% (10) 10 0.11 22.50 12.46

albumin (human) 24 50.0% (12) 12 1.00 50.00 11.61

citric acid 20 60.0% (12) 11 0.06 5.25 1.13

sodium acetate 18 50.0% (9) 9 0.10 6.80 1.94

histidine

monohydrochloride

17 58.8% (10) 10 0.48 4.28 1.76

acetic acid 15 40.0% (6) 6 0.41 2.25 0.96

metacresol 15 93.3% (14) 14 1.50 3.15 2.32

sorbitol 12 58.3% (7) 7 20.00 50.00 42.71

arginine

hydrochloride

11 54.5% (6) 6 5.37 42.10 20.82

phenol 11 72.7% (8) 8 0.65 5.50 2.87

zinc 11 90.9% (10) 10 0.00 0.07 0.03

List of commonly occurring ingredients in biologics, how often the concentration of excipients are reported, and concentration range and average of each ingredient.
aReteplase drug label records the concentration of polysorbate 80 at 5 mg in 1 ml. The second highest concentration drops down to 1.04 mg in 1 ml significantly

lowering the average from 0.38 mg/ml to 0.25 mg/ml.

https://doi.org/10.1371/journal.pone.0235076.t004
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the inactive ingredients in biologics, we first performed databases analyses quantifying the fre-

quency of excipient occurrence and their concentrations, and then a literature search to iden-

tify case studies of excipient-related adverse events. We found high variability in excipient

selection and concentration, and identified several case reports of adverse events to a variety of

classes of excipients in biologic formulations.

Although the average number of excipients utilized in biologic formulations was found to

be half of those added to small molecule medicines, the distribution of 120 unique excipients

among 230 medicines ranging between 1 and 14 ingredients per formulation indicates high

variability. Applying the Gini coefficient as a metric for analyzing frequency of distribution,

we showed that the distribution is skewed towards the most commonly occurring ingredients.

The Gini coefficient is a well-known economic measure used to quantify income inequalities

by looking at the distribution of income in a population. However, it has been used to describe

the variation in other contexts including a distribution of excipients among oral medicines [4,

29]. Our findings also confirmed that the concentrations of inactive ingredients in biologics is

largely not reported by the manufacturers. Knowing the concentration of the inactive ingredi-

ent in a formulation may help to uncover its potential role in causing an adverse effect

although even small amounts of allergens in a medication may induce serious anaphylactic

reactions [4]. Variability in biologic formulations on the basis of excipient selection and use

may be clinically important to identify groups of patients that may be more susceptible to cer-

tain adverse effects.

Polysorbate 20 and polysorbate 80 are the most common surfactants occurring in biologics.

Surfactants are widely used in the production process as raw material in the purification, filtra-

tion, transportation, lyophilization, and storage, and are added to the final solution to stabilize

proteins, prevent aggregation, and assist in protein folding. Despite having a stabilizing effect

on API, polysorbates are subject to oxidative degradation resulting in formation of residual

peroxides and other reactive oxidative species. The increase in these degradation products has

been reported in an interleukin-2 formulation containing polysorbate 80 [30]. Polysorbates

also act as photoenhancers, which may lead to photooxidation. Studies have shown that the

photostability of antibodies is significantly affected by the quality and type of the surfactant in

the formulation [31, 32].

Considering the chemical instability of these ingredients, the high prevalence of use, and

their varying concentrations, clinicians should be informed about the potential adverse events

in some patients for biologics containing these excipients. Although data on the clinical effects

of these compounds is limited, we have enough examples to support the importance of increas-

ing clinical awareness on the potential of some excipients to have serious consequences in cer-

tain patients. For instance, a literature search identified three patients that experienced

anaphylactoid reaction due to polysorbate 20 in a monoclonal antibody omalizumab. Accord-

ing to U.S. FDA Adverse Event Reporting System (AERS), since its approval in 2003 through

2018, there were a total of 1,718 reports of anaphylactic reaction and 1,604 reports of hypersen-

sitivity to omalizumab [33]. Although U.S. FDA does not classify the adverse event reports on

the basis of excipients, the large number of reported anaphylactoid events and hypersensitivity

reactions to the FDA suggests that the inactive ingredient in omalizumab as a possible cause

should be further investigated.

In our analysis, sucrose is the fourth most common excipient found in biologics occurring

in 24.4% of the formulations, followed by mannitol (20.9%), sorbitol (5.2%), trehalose (3.9%),

and lactose (3.0%). Of note is that the concentration of these compounds ranges widely. For

instance, sucrose was added at a concentration of 4 mg/ml to an immunosuppressive mono-

clonal antibody basiliximab, but another immunosuppressive agent belatacept contains 500

mg/ml of sucrose. Sugars and polyols provide additional stability to protein therapeutics in
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liquid and lyophilized products. The stabilizing effect is dependent on the concentration of the

excipient, causing high amounts to be used in formulations. While limited, the 10 case reports

of sugar- and polyol-related adverse events could indicate that this category is associated with

serious and even fatal adverse events in patients. Therefore, patients with a history of an aller-

gic reaction or intolerance to polyols and patients with certain disease states such as diabetes

and renal insufficiency should be more closely monitored by clinicians if they are receiving a

formulation with mannitol, sorbitol or a high concentration of sugar excipient.

In building the adverse effect profiles, we also examined the role and safety of preservatives

added to biological formulations. Antioxidants and chelator preservative agents are added to

formulations to minimize oxidation reactions and maintain the stability and safety of biolog-

ics. Antimicrobial agents are added to prevent microbial contamination especially in multi-

dose formulations that require multiple opening and closure of the container. Metacresol and

phenol are believed to be the cause of skin reactions at the infusion sites according to a variety

of assays performed on multiple insulin formulations, which showed that exposure to phenolic

excipients induces proinflammatory response and cell death, thus stimulating additional

inflammatory processes [34]. However, we isolated only one case report of an adverse event to

a preservative in an insulin formulation. Knowing that zinc in insulin formulations may

induce generalized allergy may help physicians better tailor diabetes management therapy.

With the rapidly expanding biopharmaceutical market, adverse drug reactions to biological

products will continue to be a growing concern. These adverse event occurrences are often not

described in literature and further analysis to include adverse effects beyond case reports is

warranted. Nevertheless, this broad, but focused literature search although not a systematic

review supports the notion that while excipients are essential components of the formulation,

they could also affect the safety profile of a biologic and may be the cause of certain adverse

events in patients.

Conclusions

Biological drug products contain fewer inactive ingredients than small molecule medicines.

Nevertheless, the raw materials that are used in biologics development and added as excipients

for stability, preservation, and facilitation of drug delivery play a critical role in the final medi-

cine formulation. The high frequency of occurrence of a number of these inactive ingredients,

their varying concentrations, combined with several reported cases of adverse events to these

chemical additives suggest that excipients might not be negligible, inert ingredients.

In November 2019, U.S. FDA released a draft document outlining best practices in drug

and biological product postmarket safety surveillance [35]. This draft includes processes for

detecting adverse effects possibly related to excipients in generic medicines, but similar pro-

cesses are not addressed for biologics or biosimilars. The FDA and a standards-setting organi-

zation such as the United States Pharmacopeial Convention can provide tools and guidance

on more comprehensive documentation on the safety of excipients to further our understand-

ing of their clinical risk. In the meantime, clinicians can provide further investigational evi-

dence of adverse reactions to medications through skin-prick testing and other diagnostic

measures to confirm or rule out the excipient as the cause. Depending on the severity of a reac-

tion, these patients should be switched to an alternative formulation or monitored more

closely during and after administration of the formulation.

Overall, these findings establish a safety assessment framework of biologic formulations

that can be utilized to gauge the potential clinical impact of excipients. Recognizing a particu-

lar excipient in biologic therapy and its association with a reported adverse event may provide

additional evidence for patients’ reactions to a particular medication. With the expansion of

PLOS ONE Clinical awareness of excipients in biologics

PLOS ONE | https://doi.org/10.1371/journal.pone.0235076 June 25, 2020 10 / 13

https://doi.org/10.1371/journal.pone.0235076


the biopharmaceutical market and availability of more data, biologic medication therapy can

be tailored appropriately for a specific patient. Aside from clinical implications, recognizing

the potential adverse risk of additive ingredients in protein-based therapeutics may drive regu-

latory initiatives and stimulate more innovative, safer alternative formulations during pharma-

ceutical development of biological drug products.
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