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Abstract
Background Since the approval and availability of the first biosimilar in 2015 in the United States (US), evidence regarding 
the post-marketing safety of cancer supportive care biosimilars remains limited.
Objective The aim was to explore the adverse event (AE) reporting patterns and detect disproportionate reporting signals 
for cancer supportive care biosimilars in the US compared to their originator biologics.
Methods The US Food and Drug Administration Adverse Event Reporting System database (January 1, 2004–March 31, 
2020) was used to identify AE reports for filgrastim, pegfilgrastim, and epoetin alpha by type of product (originator biolog-
ics vs. biosimilars) and report characteristics. Plots of AE reports against years were used to reveal the reporting patterns. 
Disproportionality analyses using reporting odds ratios (RORs) were conducted to detect differences in serious and specific 
AEs between studied drugs and all other drugs. Breslow–Day tests were used to determine homogeneity between the origi-
nator biologic–biosimilar pair RORs for the same AE.
Results Total numbers of AEs for all studied biosimilars increased after marketing. More AE reports were from female 
patients for all of the studied drugs. More AEs for originator biologics and filgrastim biosimilar were reported by health 
professionals, while the highest proportion of reports came from consumers for pegfilgrastim and epoetin alpha biosimilars 
(29% and 44.1%, respectively). Signals of disproportionate reporting in serious AEs were detected for a pegfilgrastim bio-
similar  (Fulphila®) compared to its originator biologic.
Conclusion Our findings support the similarity in the signals of disproportionate reporting between cancer supportive care 
originator biologics and biosimilars, except for  Fulphila®.
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Key Points 

An increase in the proportion of adverse event (AE) 
reports for cancer supportive care biosimilar products 
has been observed since their market launch.

Heterogeneity in reporting patterns existed between 
studied originator biologic and corresponding biosimilar 
products.

Although no signals of disproportionate reporting were 
detected between cancer supportive care biosimilar and 
originator biologic products for filgrastim and epoetin 
alpha, the signal of disproportionate reporting for serious 
AEs with the pegfilgrastim biosimilar Fulphila® was 
different compared to that of its corresponding biologic 
product, Neulasta®.
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1 Introduction

Chemotherapy-induced neutropenia (CIN) is one of the most 
frequently reported adverse events (AEs). It is observed in 
0.8% of patients receiving chemotherapy and 42–72% of 
patients receiving myelosuppressive chemotherapy [1]. This 
complication puts cancer patients at significant risk for mor-
bidity and mortality and leads to substantial medical costs 
for hospitalization. In 2012, CIN accounted for $2.3 billion 
for adult hospitalization and $439 million for children in the 
United States (US) [2]. In addition, chemotherapy-induced 
anemia (CIA) is a common and serious condition presenting 
in 67–83% of patients undergoing myelosuppressive chemo-
therapy [3, 4]. CIA results in reduced functional activity and 
quality of life, causing fatigue, dyspnea, and nausea [5, 6].

Granulocyte colony-stimulating factors (G-CSFs) and 
erythropoiesis-stimulating agents (ESAs) are important sup-
portive care biologics in oncology for treatment and preven-
tion of CIN and CIA, respectively. Biologics tend to be at the 
forefront of medical advances today, representing one of the 
fastest growing sectors of cancer treatment. However, their 
high prices place a huge burden on patients and healthcare 
systems globally [7]. According to a cost-effectiveness study 
in 2017, the cost of  Neupogen® (filgrastim, a short-acting 
G-CSF), used to prevent CIN for a single chemotherapy 
cycle, including medication cost and cost of administration, 
ranged from $324 (1-day regimen) to $4559 (14-day regi-
men) per patient [8]. In the US, the Biologics Price Com-
petition and Innovation Act of 2009 created an abbreviated 
licensure pathway for biologic products that are demon-
strated to be biosimilar or interchangeable with a Food and 
Drug Administration (FDA)-approved biologic product [9]. 
A biosimilar is a biologic that is highly similar to the refer-
ence biologic, with no clinically significant differences in 
purity, safety, and efficacy [10]. An interchangeable biologic 
product is a biosimilar that may be substituted for a reference 
biologic by a pharmacist, subject to local state policies. Dif-
ferent from European countries, in the US, the FDA requires 
demonstration of interchangeability supported by clinical 
pharmacokinetic/pharmacodynamic, safety, and immuno-
genicity studies coupled with post-marketing data [11]. To 
date, there is no interchangeable biosimilar approved in the 
US [12].

Biosimilars are developed to reduce healthcare costs and 
increase access to medications. In Europe, 62% of the ESA 
market is dominated by biosimilars [13]. A simulation study 
based on the number of patients receiving chemotherapy 
in European G5 countries found that replacing epoetin 
alpha originators by its biosimilars resulted in €110 mil-
lion of savings [14]. The first biosimilar in the US,  Zarxio® 

(filgrastim-sndz), was approved in March 6, 2015 [15]. A 
recent comprehensive systematic review and meta-analysis 
demonstrated no significant difference in efficacy and safety 
profiles between cancer supportive biologics (including 
filgrastim, pegfilgrastim, and epoetin alpha) and their cor-
responding biosimilars [16]. However, most of these stud-
ies were conducted in Europe, where the biosimilars were 
approved and marketed long before. Research to evaluate 
the post-marketing safety profiles of biosimilars in the US 
is very limited. To address this important knowledge gap in 
post-marketing surveillance of biosimilars marketed in the 
US, this study described AE reporting patterns and gener-
ated signals of disproportionate reporting of cancer support-
ive care biosimilars compared to their biologics using the 
FDA Adverse Event Reporting System (FAERS) database.

2  Methods

We conducted retrospective analyses of AE reports from the 
public version of the FAERS database for three supportive 
cancer care medications (filgrastim, pegfilgrastim, and epo-
etin alpha) approved and marketed in the US. The analyses 
included comparisons of AE reports between biologic origi-
nators and corresponding biosimilars.

2.1  Data Source

The FAERS database is a public, spontaneous reporting sys-
tem receiving AE reports from both US and non-US regions 
[17]. The reports are submitted voluntarily from healthcare 
providers and consumers and mandatorily from pharmaceu-
tical companies due to FDA regulations [17]. This database 
aims to support the FDA’s post-marketing surveillance pro-
gram for drug and therapeutic biologic products [17]. The 
data files are published quarterly, containing seven files: 
DEMOyyQq.TXT (patient demographic and administra-
tive information), DRUGyyQq.TXT (drug/biologic informa-
tion), REACyyQq.TXT (Medical Dictionary for Regulatory 
Activities  [MedDRA®] terms coded for AEs), OUTCyyQq.
TXT (patient outcomes and seriousness), RPSRyyQq.TXT 
(reporting sources), THERyyQq.TXT (drug therapy start 
date and end date), and INDIyyQq.TXT  (MedDRA® terms 
coded for the indications of reported drugs). We retrieved 
the FAERS data files from January 1, 2004 to March 31, 
2020. Duplicate reports were removed from the analyses, 
using the FDA’s recommendation of adopting the most 
recent case number for the same report [18]. This study was 
granted exemption from human subjects research by the 
Auburn University Institutional Review Board.
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2.2  Originator Biologic and Biosimilar Product 
Identification

Information on the US FDA-approved filgrastim, pegfil-
grastim, and epoetin alpha originator biologics and biosim-
ilars were collected using the National Drug Code (NDC) 
Directory and Purple Book Database [19, 20]. Each biosimi-
lar’s and corresponding originator biologic’s proprietary and 
nonproprietary names, manufacturers, labelers, and approval 
and first marketed dates in the US were extracted (Table 1).

From the FAERS DRUGyyQq.TXT file, we identified AE 
reports that had originator biologics and biosimilar products 
in our list of study drugs (Table 1). Records were retained 
irrespective of their role in the mentioned AEs, such as pri-
mary suspect or secondary suspect drugs, or concomitant 
use or interacting. Identification of relevant reports for a 
drug included text string searches containing the proprietary 
names as well as their abbreviations and potential misspell-
ings. Searches for drug names also involved their nonpropri-
etary name using FDA recommended nonproprietary naming 
guidance [21]. This naming convention requires a biologic 
product to have a nonproprietary name consisting of a core 
name along with a four-letter suffix (e.g., filgrastim-sndz 
for  Zarxio®). Next, we retained those reports with correct 
proprietary/nonproprietary name–manufacturer combination 
(e.g., ‘Neupogen®-Amgen’; ‘Zarxio®/filgrastim-sndz–San-
doz’; ‘Nivestym®/filgrastim-aafi–Pfizer’) to avoid origina-
tor biologic versus biosimilar product misclassification [22]. 
We excluded reports without any information or unmatched 
information of manufacturers in the manufacturer name col-
umn of the DEMOyyQq.TXT file. However, we included 
reports with missing manufacturer names or manufacturer 
names incorrectly recoded as ‘FDA’ while the correct manu-
facturer name was included in the drug name column (about 
10% of filgrastim reports and less than 1% of reports for 
pegfilgrastim and epoetin alpha). Next, AE reports from 
countries other than the US were removed (about 22.25%) 
due to this study’s focus on the US market. In addition, 

reports with event dates before the marketed dates (Table 1) 
for each product were excluded to avoid misclassification. 
For example, all reports for  Zarxio® were excluded when the 
event date mentioned in the DEMOyyQq.TXT file showed a 
date prior to the first marketed date of  Zarxio® (September 
3, 2015). A flowchart of the AE report selection process 
is depicted in Fig. 1. Detailed inclusion and exclusion cri-
teria regarding the identification of studied biologics and 
biosimilars reports in the FAERS are provided in electronic 
supplementary material Table 1.

2.3  Adverse Event (AE) Identification

The AEs and medication errors in FAERS are coded using 
the standard  MedDRA® terminology [23]. Serious AEs have 
been pre-defined by the FDA and categorized as death, dis-
ability, congenital anomaly, life-threatening events that 
required hospitalization or intervention to prevent permanent 
impairment or damage, and other serious events [24]. These 
serious AEs were identified from the outcome column in 
the OUTCyyQq.TXT file for each of the products. AEs that 
did not fall under this definition were categorized as non-
serious AEs. In addition, we identified the following specific 
AEs for studied products based off of systematic reviews on 
randomized controlled trials (RCTs) and cohort studies as 
well as product label information: filgrastim (bone pain), 
pegfilgrastim (bone pain), and epoetin alpha (cardiovascu-
lar events, nausea/vomiting) [16, 25–33]. To identify these 
specific AEs, the  MedDRA® version 23.0 was used [34]. If 
our AEs of interest fell into a broader level term of the high 
level term (HLT), then all Preferred Terms (PTs) included in 
the level were used to define the AEs. For example, ‘nausea 
and vomiting symptoms’ is an HLT in  MedDRA®, under 
which there are 20 PTs. In order to identify nausea and vom-
iting reports for a product, we searched for all the 20 PTs 
listed in  MedDRA® from the REACyyQq.TXT files of the 
FAERS database. A similar method was used to identify 
reports related to bone pain and cardiovascular AEs. A list 

Table 1  List of cancer supportive care originator biologics and biosimilars in the study

FDA Food and Drug Administration

Core name Proprietary name Non-proprietary name Manufacturer/labeler FDA approval date Marketed date Type

Filgrastim Neupogen® – Amgen February 20, 1991 April 7, 1997 Biologic
Pegfilgrastim Neulasta® – Amgen January 31, 2002 April 1, 2002 Biologic
Epoetin alpha Epogen® – Amgen June 1, 1989 June 1, 1989 Biologic
Epoetin alpha Procrit® – Amgen/Janssen June 1, 1989 June 1, 1989 Biologic
Filgrastim Zarxio® Filgrastim-sndz Sandos March 6, 2015 September 3, 2015 Biosimilar
Filgrastim Nivestym® Filgrastim-aafi Pfizer July 20, 2018 September 24,2018 Biosimilar
Pegfilgrastim Udenyca® Pegfilgrastim-cbqv Coherus BioSciences November 2, 2018 November 2, 2018 Biosimilar
Pegfilgrastim Fulphila® Pegfilgrastim-jmdb Mylan-Biocon June 4, 2018 July 9, 2018 Biosimilar
Epoetin alpha Retacrit® Epoetin alpha-epbx Pfizer/Hospira/Vifor May 15, 2018 June 18, 2018 Biosimilar
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of the PTs used to define these specific AEs is provided in 
electronic supplementary material Table 2.

2.4  Data Analysis

First, we identified the total number of FAERS AEs reported 
during the study period for studied originator biologic and bio-
similar products. Total number of AE reports for biosimilars 

and corresponding biologics were then plotted against year 
(Figs. 2, 3, 4). AE reports were further categorized by patients’ 
sex (male, female, and not specified/missing), age (0–17 years, 
18–64 years, 65–85 years, 85 + years, and missing), and type 
of reporter (physician, pharmacist, other health professional, 
lawyer, consumer, and missing). Chi-squared tests were used 
to compare the proportions of AE reports across these report 
characteristics for each originator biologic-biosimilar pair.

Fig. 1  Flowchart of the FAERS AE reports selection process for originator biologics and biosimilars. AE adverse event, ESM electronic supple-
mentary material, FAERS Food and Drug Administration Adverse Event Reporting System, PT Preferred Term
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Signal‐detection algorithms (SDAs) such as reporting 
odds ratio (ROR) and proportional reporting ratio (PRR) 
have been applied to spontaneously reported data (such as 
the FAERS) in order to monitor, prioritize, and identify new 
product safety signals [35]. The ROR estimates the odds 
of reporting the event of interest in those exposed to each 
target drug of interest divided by the odds of reporting the 
event of interest in those not exposed to the drug of interest 
[36]. Disproportionality analyses were carried out based on 
total reports from the entire study duration using RORs with 
related 95% confidence intervals (CIs) to compare report-
ing rates of serious and specific AEs between an originator 
biologic/biosimilar (index drugs) and other drugs (reference 
drugs) in the FAERS database. For example, the ROR for 
serious AEs with filgrastim biologics was calculated as the 
odds of serious AEs reported with filgrastim biologics com-
pared to the odds of the same serious AEs reported with 
all other drugs in the FAERS during the same observation 
period [36]. A potential signal in the form of a significant dis-
proportionality was defined as the lower bound of the 95% CI 
exceeding 1 [37]. This SDA was performed for each studied 
originator biologic and biosimilar product that had a mini-
mum of three combinations in the presence of the studied 
drug and AE [38]. If either of the 95% CIs of the RORs for an 
originator biologic–biosimilar pair did not include 1 (could 
be larger or smaller than 1), a further Breslow–Day statistic 
was used to identify the homogeneity of the biologic’s and 
corresponding biosimilar drug’s RORs for the same type of 
AE [22]. A p value less than 0.05 from the Breslow–Day test 
indicated a significant difference in RORs for a specific event 
between an originator biologic and the corresponding bio-
similar. Since the biologics had been approved and marketed 
several years before the marketed dates of corresponding 
biosimilars, sensitivity analyses were conducted to analyze 
RORs of AE reports for all studied products starting from 
the marketed date of the first marketed biosimilar instead of 
the entire study duration used in the main analysis. A second 
sensitivity analysis was conducted to limit the identification 
of AE reports to only primary or secondary suspect drug 
exposure, and excluded concomitant use or interacting drugs. 
SAS (version 9.4; SAS Institute, Cary, NC, USA) was used 
to conduct all statistical analyses at p < 0.05.

3  Results

3.1  Reporting Patterns of Studied Biologics 
and Biosimilars in FAERS

Figures 2, 3, and 4 describe the patterns of FAERS AE 
reports for filgrastim, pegfilgrastim, and epoetin alpha 

biologics and biosimilars, respectively. The number of 
reports for filgrastim increased significantly starting in 2015 
(57.1% of total reports for filgrastim). Filgrastim biosimilar 
 (Zarxio® and  Nivestym®) reports appeared after the products 
were marketed in 2015 and 2018, respectively, increasing 
gradually over time (Fig. 2). Total reports for pegfilgrastim 
increased dramatically in 2016 and reached a peak in 2018 
(Fig. 3). Pegfilgrastim biosimilar reports  (Udenyca® and 
 Fulphila®) accounted for 0.13%, 0.92%, and 1.16% of total 
pegfilgrastim reports in 2018, 2019, and 2020, respectively, 
since their availability in 2018. Epoetin alpha biosimilar 
reports accounted for 0.16%, 13.16%, and 46.94% of total 
epoetin alpha reports in 2018, 2019, and 2020, respectively, 
after the first marketed date of  Retacrit® in 2018 (Fig. 4).

3.2  Characteristics of AE Reports

Table 2 summarizes the characteristics of the FAERS AE 
reports for filgrastim, pegfilgrastim, and epoetin alpha origi-
nator biologics and biosimilars. Overall, 47,283 AE reports 
for these products were identified in the US, of which a total 
of 481 reports (1.02%) belonged to the biosimilars. Among 
the 99,727 PTs reported in these 47,283 AE reports, 1174 
PTs (1.17%) were identified from AE reports for biosimilars. 
The proportions of reports from females were higher than 
from males, and this pattern was consistent for all studied 
originator biologic and biosimilar products. However, more 
than half (56%) of the pegfilgrastim biosimilar reports had 
missing information on sex. The unadjusted associations of 
reports between patient sex and drug type (biologic vs. bio-
similar) were found to be significant (p < 0.0001 and p = 
0.001, respectively) for pegfilgrastim and epoetin alpha, but 
not for filgrastim (p = 0.421). At least half of the originator 
biologic and biosimilar reports had missing information with 
respect to patients’ age, except for epoetin alpha biosimilar 
reports (23.4% of missing information on age). No associa-
tion between patient’s age and drug type was observed for 
filgrastim reports (p = 0.30), but the unadjusted associations 
were significant for pegfilgrastim and epoetin alpha origi-
nator biologics and biosimilars (p = 0.004 and < 0.0001, 
respectively). For all the originator biologics, physician 
reports constituted the highest proportion of total reports, 
while the reports for biosimilars had noticeable differences 
in reporter type. Most of the filgrastim biosimilar reports 
are from other health professionals (43%), whereas for both 
pegfilgrastim and epoetin alpha, the highest proportion 
of reports (29% and 44.1%, respectively) came from con-
sumers. Significant associations (p < 0.0001) were found 
between reporter type and drug type for all three pairs of 
studied drugs.
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3.3  RORs of Serious and Specific AEs for Studied 
Originator Biologic and Biosimilar Products

Tables 3, 4, and 5 exhibit the RORs of serious (vs. non-
serious) and specific (vs. all other) AEs for the studied origi-
nator biologic and biosimilar products. In the main analyses, 
the ROR of serious (vs. non-serious) AEs for  Neupogen® 
(ROR 1.15, 95% CI 1.10–1.19) was significantly different 
from that for the individual biosimilar  Zarxio® (ROR 0.92, 
95% CI 0.77–1.10) as well as that for the combination of 
both biosimilar products  Zarxio® and  Nivestym® (ROR 0.96, 
95% CI 0.82–1.13), but it was not statistically different from 
that for the individual biosimilar  Nivestym® (ROR 1.27, 
95% CI 0.81–1.99). The RORs of bone pain were higher 
for all three filgrastim originator biologic and biosimilar 
products compared to all other drugs, and no difference was 

observed between  Neupogen® with corresponding indi-
vidual or combined biosimilar products (all p > 0.05 for 
Breslow–Day tests). The ROR of serious AEs for  Neulasta® 
(ROR 0.113, 95% CI 0.111–0.115) was significantly differ-
ent from that for the individual biosimilars  Fulphila® (ROR 
6.72, 95% CI 3.13–14.41) and  Udenyca® (ROR 0.49, 95% CI 
0.35–0.69), as well as that for the combination of both bio-
similar products (ROR 1.11, 95% CI 0.84–1.46). Again, the 
RORs of bone pain were higher for both pegfilgrastim origi-
nator biologic and biosimilar products compared to all other 
drugs, while no significant difference was detected between 
 Neulasta® with  Udenyca® (p > 0.05 for Breslow–Day tests). 
Although the ROR of serious AEs for epoetin alpha origi-
nator biologics (ROR 0.88, 95% CI 0.86–0.90) was signifi-
cantly different from that for the corresponding biosimilar 
(ROR 0.51, 95% CI 0.39–0.66), no difference was detected 

Fig. 2  Reporting pattern for filgrastim originator biologics vs. biosimilars (January 1, 2004–March 31, 2020); first biosimilar  (Zarxio®) mar-
keted date for filgrastim is September 3, 2015
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between the RORs of nausea/vomiting (ROR 0.72, 95% CI 
0.65–0.79 vs. ROR 0.58, 95% CI 0.18–1.8) and cardiovas-
cular events (ROR 1.2, 95% CI 1.08–1.34 vs. ROR 1.14, 
95% CI 0.37–3.57). Sensitivity analyses were conducted by 
restricting all reports to the marketed date of the first bio-
similar in each originator biologic–biosimilar comparison 
forward (#1), and by restricting reports to only primary or 
secondary suspect drug exposure (#2). Results from sensitiv-
ity analysis #1 showed that the ROR of serious (vs. non-seri-
ous) AEs for  Neupogen® changed magnitude and was signif-
icantly different compared to that for individual biosimilars 
 Zarxio® and  Nivestym® as well as that for the combination 
of  Zarxio® and  Nivestym® (p < 0.05). For  Neulasta®, the 
RORs of bone pain became significantly different compared 
to biosimilar  Udenyca® (p < 0.05). The ROR of serious AEs 
for epoetin alpha biologics was no longer statistically differ-
ent from that for the biosimilar  Retacrit® (p > 0.05). Results 
from the rest of parallel sensitivity analysis #1 remained 

similar to findings from the main analyses. Results from 
sensitivity analysis #2 showed that the RORs of bone pain 
became different between  Neulasta® and  Udenyca® (p < 
0.05, electronic supplementary material Table 4). Results 
from the rest of parallel sensitivity analysis #2 remained 
similar to findings from the main analyses.

4  Discussion

To the best of our knowledge, this study provided the most 
up-to-date post-marketing pharmacovigilance evidence in 
AE reporting of supportive care originator biologics and 
corresponding biosimilars marketed in the US. Given the 
limited post-marketing data for these newly approved bio-
similar products in the US, especially for pegfilgrastim bio-
similars and epoetin alpha, our study focused on the pat-
terns of AE reporting and the detection of disproportionality 

Fig. 3  Reporting pattern for pegfilgrastim originator biologics vs. biosimilars (January 1, 2004–March 31, 2020); first biosimilar  (Fulphila®) 
marketed date for pegfilgrastim is July 9, 2018
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signals by comparing the reports of serious (vs. non-serious) 
AEs and known specific AEs between these originator bio-
logic–biosimilar pairs. Overall, we observed an increased 
proportion of AE reports for biosimilar products since their 
market launch. We found heterogeneity in reporting patterns 
between studied originator biologic and corresponding bio-
similar products. Most importantly, we detected a poten-
tial signal of disproportionate reporting of AEs between 
originator biologic and corresponding biosimilar products. 
Specifically, the signal of disproportionate reporting for seri-
ous AEs with the pegfilgrastim biosimilar  Fulphila® was 
different to that with its corresponding biologic product, 
 Neulasta®.

The increased proportions of AE reports for biosimilar 
products were likely reflecting their market uptake. For 
example, since the first filgrastim biosimilar  Zarxio® was 
marketed in the US in September 2015, it was reported that 

 Zarxio® accounted for 47% of all filgrastim administra-
tions among the commercially insured and 42% of those 
among Medicare Advantage beneficiaries by March 2018 
[39]. Although the uptake of pegfilgrastim biosimilars has 
been increasing steadily since their launch, currently shar-
ing about 29% (20.5% by  Udenyca® alone) of the prefilled 
syringe form market, the main market share of the on-body 
injector Neulasta  OnPro® has remained steady in the US [40, 
41]. Therefore, we observed increasing but small propor-
tions of AE reports with pegfilgrastim biosimilars. Finally, 
the proportion of AE reports for the epoetin alpha biosimilar 
 Retacrit® has significantly increased following its marketing 
in June 2018, consistent with the reported market share of 
close to 20% [42]. The consistency between studied origi-
nator biologic and biosimilar products’ post-marketing AE 
reporting and their market share not only reflects the effi-
ciency of the US FDA’s MedWatch medical product safety 

Fig. 4  Reporting pattern for epoetin alpha originator biologics vs. biosimilars (January 1, 2004–March 31, 2020); first biosimilar  (Retacrit®) 
marketed date for epoetin alpha is June 18, 2018
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reporting program, but also ensures the validity of using the 
FAERS data for pharmaceutical products’ post-marketing 
surveillance and pharmacovigilance.

In addition, we found heterogeneity in reporting patterns 
between studied originator biologic and corresponding bio-
similar products. Recent published literature on patterns of 
G-CSF and ESA use has demonstrated that females are more 
likely to receive prophylactic filgrastim, pegfilgrastim, and 
epoetin alpha [43–46], which is in line with our finding that 
a majority of AE reports for these products in the FAERS 
data were associated with female patients. Likewise, G-CSFs 
have been primarily prescribed for patients with neutropenia, 
and the incidence of neutropenia is 70% in women receiving 
chemotherapy for breast cancer [47, 48]. Although health-
care providers (e.g., physicians, nurses, pharmacists) were 
the main reporters for these AEs, we did observe the dif-
ference in reporter type between pegfilgrastim and epoetin 
alpha biologic and biosimilar reports. Specifically, more 
biosimilar AEs were reported from consumers compared 
with biologics AEs. A recent study reported that the com-
pleteness of FAERS reports from consumers was generally 
greater than that of reports from healthcare providers [49]. 

Although the Toki et al. study [49] only assessed two quar-
ters of FAERS data in 2016, it is encouraging to observe 
consumers’ awareness of post-marketing AE reporting for 
pharmaceutical products. Consumers’ increased awareness 
of and involvement in post-marketing surveillance and phar-
macovigilance will improve both the volume and complete-
ness of AE reporting data, which, in turn, will facilitate 
clinical practice and health policy decision making.

In order to detect signals of disproportionate reporting of 
AEs for studied originator biologic and biosimilar products, 
we performed main and sensitivity analyses by including 
January 1, 2004–March 31, 2020 FAERS data, limiting this 
to reports after the marketing of the first biosimilar and to 
reports with only primary or secondary suspect drug expo-
sure, respectively. We found no signals in serious AE report-
ing for pegfilgrastim and epoetin alpha originator biologics 
compared to all other drugs. The filgrastim biologic product 
 Neupogen® had a signal of disproportionate reporting of 
serious AEs in the main analysis, but the signal disappeared 
in sensitivity analyses. The three corresponding biosimilar 
products performed differently. Specifically, no signal of 
disproportionate reporting in serious AEs for pegfilgrastim 

Table 3  RORs for signal detection in serious and specific AEs related to filgrastim originator biologic and biosimilar products

AE adverse event, CI confidence interval, ROR reporting odds ratio
a Limiting to first biosimilar entry and forward  (Zarxio® entered US market on September 3, 2015).  Bolded p values are significant at p < 0.05

Main analysis Sensitivity analysis  1a

Cases Controls ROR (95% CI) p value (Bres-
low–Day test)

Cases Controls ROR (95% CI) p value 
(Breslow–
Day test)

Serious AEs
 Neupogen® 9104 3308 1.15 (1.10–1.19) Reference 2022 1467 0.94 (0.88–1.00) Reference
 No  Neupogen® 65751331 27361466 1 19594921 13357247 1
 Zarxio® 402 182 0.92 (0.77–1.10) 0.0016 402 182 1.51 (1.26–1.79) < 0.0001
 No  Zarxio® 65760033 27364592 1 19596541 13358532 1
 Nivestym® 76 25 1.27 (0.81–1.99) 0.667 76 25 2.07 (1.32–3.26) 0.0005
 No  Nivestym® 65760359 27364749 1 19596867 13358689 1
 Zarxio® and 

 Nivestym®
478 207 0.96 (0.82–1.13) 0.04 478 207 1.57 (1.34–1.85) < 0.0001

 No  Zarxio® 
and  Nivestym®

65760246 27364703 1 19596465 13358507 1

Bone pain-related AEs
 Neupogen® 289 12123 11.11 (9.89–12.49) Reference 93 3396 12.56 (10.22–15.44) Reference
 No  Neupogen® 199370 92913427 1 71690 32880478 1
 Zarxio® 15 569 12.27 (7.35–20.45) 0.71 15 569 12.08 (7.23–20.17) 0.89
 No  Zarxio® 199644 92924981 1 71768 32883305 1
 Nivestym® 3 98 14.25 (4.52–44.94) 0.67 3 98 14.02 (4.45–44.24) 0.85
 No  Nivestym® 199656 92925452 1 71780 32883776 1
 Zarxio® and 

 Nivestym®
18 667 12.56 (7.87–20.06) 0.62 18 667 12.37 (7.74–19.75) 0.95

 No  Zarxio® 
and  Nivestym®

199641 92924883 1 71765 32883207 1
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 (Udenyca® only) and epoetin alpha biosimilars compared 
to all other drugs was detected. However, another pegfil-
grastim biosimilar,  Fulphila®, had higher serious AE report-
ing compared to all other drugs and its corresponding origi-
nator biologic product  Neulasta®. Both filgrastim biosimilar 
products showed no signals in serious AE reporting in the 
main analysis, but they had higher serious AE reporting 
when limited to a post-biosimilar marketing period. Three 
takeaway messages can be generated based on our findings 
in both main and sensitivity analyses of signal detection in 
serious AE reporting: (1) epoetin alpha originator biologic 
and biosimilar products showed no signal of disproportion-
ate reporting; (2) pegfilgrastim originator biologics and 
biosimilar  Udenyca® showed no signal, but the biosimilar 
 Fulphila® had a signal of disproportionate reporting in seri-
ous AEs compared to its originator biologic and all other 
drugs; and (3) because filgrastim originator biologic and 
biosimilar products showed inconsistent signals in the main 
and sensitivity analyses, we conservatively recommend to 
interpret it as no signals in serious AE reporting for these 
products compared to all other drugs. Two published post-
marketing observational studies using administrative claims 
data found no difference in the incidence of serious AEs for 
 Zarxio® compared to  Neupogen® [44, 50]. The difference in 
signal of disproportionate reporting detection based on the 
observation period was also observed in a methodological 
article by Rahman et al., in which RORs for specific AEs for 
branded drugs were higher in the full study period compared 
to the post-generic approval period using the FAERS [22]. 
One explanation could be due to the length of marketing 
exposure for studied products. Originator biologic products 
were approved years before their corresponding biosimilar 
products; therefore, the longer marketing exposure period 
led to more AE reports and potentially higher reporting 
disproportionality. Taking this precaution, we determined 
to detect a signal that was statistically significant in both 
the main and sensitivity analyses. In addition, we did not 
observe the possible Weber effect on AE reporting for fil-
grastim biosimilar products, where tendency to report AEs 
is higher in the first 2 years after a drug is marketed [51]. 
The signal of disproportionate reporting in serious AEs for 
the biosimilar  Fulphila® compared to all other drugs and the 
biologic  Neulasta® identified in our study should be further 
evaluated using well-designed new user cohort studies or 
experimental studies to confirm the signal.

Regarding specific AEs, all individual filgrastim and 
pegfilgrastim originator biologics and biosimilars except for 
 Fulphila® showed signals of disproportionate reporting in 
bone pain AE reporting, which is consistent with bone pain 
as a common adverse reaction in the drug labels for these 
products [25–27, 29–31]. We did not observe a difference in 
bone pain AE reporting between filgrastim originator bio-
logics and biosimilars in our analysis. In a recent European 

study, a significant difference in bone pain time to onset 
(TTO) was observed between filgrastim originator biologic 
and biosimilar  Zarxio® [52]. Another study reported a sig-
nificantly higher ROR of bone pain for filgrastim biosimi-
lar  Nivestym® compared to its biologic  Neupogen®, but no 
difference was found for  Zarxio® [53]. An RCT conducted 
in Singapore showed no statistically significant difference 
in the proportion of patients reporting bone pain in the 
 Nivestym® group compared to the  Neupogen® group [54]. 
Since filgrastim biosimilar launched in markets outside of 
the US in 2008, the difference in signal detection between 
our study and European studies may be explained by dif-
ferent marketing exposure periods and differences in AE 
reporting to the US FDA FAERS and World Health Organi-
zation (WHO)  Vigibase®, which was used in those studies. 
Pegfilgrastim biosimilars are new to both US and European 
markets since their introduction in 2018. Therefore, the post-
marketing surveillance data are very limited in both regions. 
In the current study, we observed a difference in ROR of 
bone pain between pegfilgrastim originator biologic and its 
biosimilar  Udenyca® in both sensitivity analyses, but not in 
the main analysis. Pegfilgrastim-related bone pain was found 
to be insignificantly different between originator biologics 
and biosimilars in previous phase III clinical trials in the US 
[55]. Caution is required to interpret any difference in bone 
pain AE reporting between  Neulasta® and  Udenyca® as the 
number of bone pain reports for  Udenyca® was small and 
the exposure time period since its marketing launch is short. 
More evidence with longer observation is needed to deter-
mine the difference in risk of bone pain between these two 
products. Similarly, no difference in nausea and vomiting as 
well as cardiovascular AE reporting between epoetin alpha 
originator biologics and biosimilar products was observed 
in our study. The safety profile of epoetin alpha biosimilar 
has been studied in Europe, where its first biosimilar was 
marketed in 2007. In two observational studies using real-
world data conducted in Italy, no difference was detected 
between epoetin alpha originator biologics and biosimilars 
in terms of major adverse cardiovascular events and car-
diovascular/cerebrovascular conditions [56, 57]. However, 
in our analysis, a signal of disproportionate reporting of 
cardiovascular AE for epoetin alpha originator biologics 
was detected, which calls for attention for continuous post-
marketing surveillance to monitor and assess safety of the 
product in the US market.

Our study has some limitations. First, the FAERS data-
base includes spontaneous AE reports, which are prone to 
over and/or underreporting bias [58]. Second, the quality of 
the AE reports depends on the accuracy and completeness 
of the reports made by different sources. We did observe 
large proportions of missing data related to patient demo-
graphics and reporter type, which prevented us from assess-
ing adjusted associations between these factors and AE 
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reporting. Imprecise information for drug names, manufac-
turer names, and event dates exists in the FAERS. However, 
we used multiple stringent criteria for categorizing origina-
tor biologics and biosimilars to reduce potential misclassifi-
cation. On the other hand, these stringent criteria led to the 
exclusion of a large proportion of the FAERS reports from 
our analyses. Third, small numbers of some specific AEs 
for newly marketed biosimilars resulted in RORs with wider 
CIs. Signals generated from a small number of reports need 
to be interpreted with caution; future data mining using the 
Bayesian Confidence Propagation Neural Network (BCPNN) 
could strengthen our analysis and reduce sensitivity to small 
fluctuations in the number of reports [59]. Fourth, our study 
focused on serious and known specific AEs included in the 
drug label and in systematic reviews of RCTs and obser-
vational studies. It is possible that we have missed detect-
ing potential new or rare, as well as important, AE signals 
for the studied drugs. For example, a considerable barrier 
to biosimilar interchangeability is potential immunogenic 
AEs, and future pharmacovigilance studies should aim to 
resolve the ongoing debate [60]. Finally, findings from this 
retrospective analysis only generated the hypothesis about 
difference in AE reporting between biologic and correspond-
ing biosimilar products. We could not establish the causal 
relationship between specific AEs and studied drugs because 
the role of other confounding factors (such as drug–drug 
and drug–food interactions, patient medical history, and con-
current medications) cannot be ruled out. Stronger study 
designs like a cohort study or an RCT need to be conducted 
to test our hypothesis.

5  Conclusions

Using the US FDA spontaneous reporting data, we did not 
observe any difference in signals of disproportionate report-
ing of serious AEs between filgrastim and epoetin alpha 
originator biologic and biosimilar products. However, the 
signal of disproportionate reporting for serious AEs with 
pegfilgrastim biosimilar  (Fulphila®) was different compared 
to its corresponding originator biologic product  Neulasta®. 
Although disproportionate reporting signals in bone pain 
for filgrastim and pegfilgrastim as well as in cardiovascular 
events for epoetin alpha were detected when compared to all 
other drugs in the FAERS database, no difference in signal 
of disproportionate reporting was observed between origi-
nator biologic and its corresponding biosimilar products. 
Our findings support the similarity in the signals of dispro-
portionate reporting between US FDA-approved biosimilars 
and originator biologics. However, given the limitations of 
the spontaneous reporting data, future studies using larger 
data sources, longer observation period, and rigorous study 

designs to test these AE signals detected from our study are 
warranted.
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