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Abstract
Purpose Recombinant granulocyte colony-stimulating factors (rG-CSFs), such as filgrastim, are administered to prevent com-
plications in patients receiving chemotherapy. In Europe, a biosimilar to filgrastim, tevagrastim/ratiograstim/biograstim, was
approved in 2008. In the USA, the same product was approved as tbo-filgrastim under a 351(a) biologic license application in
2012 with the brand name Granix®. Postmarket surveillance remains a priority for monitoring the safety of biologics and
biosimilars to identify rare and immunogenicity-related events. We report the global and US pharmacovigilance data for
tevagrastim/ratiograstim/biograstim and tbo-filgrastim, respectively.
Methods Cumulative exposure and adverse event data from initial approval in Europe to December 31, 2016, were collected
globally from spontaneous reports submitted by healthcare professionals and consumers, scientific literature, competent author-
ities, and solicited case reports from non-interventional studies. A separate search was conducted on the global data set to identify
reports originating from the USA and Puerto Rico to describe the US experience.
Results Overall, the global safety profile of tevagrastim/ratiograstim/biograstim in the postmarket, real-world setting was com-
parable to clinical trial experience. Postmarket safety experience of tbo-filgrastim in the USAwas consistent with global data. The
most common SAEs were febrile neutropenia and decreased white blood cell count. The most common non-serious event was
bone pain. There was no evidence of immunogenicity.
Conclusions This pharmacovigilance analysis indicates that postmarket experience of tevagrastim/ratiograstim/biograstim and
tbo-filgrastim is consistent with clinical trials. Adverse reactions associated with the originator rG-CSF (capillary leak syndrome
and glomerulonephritis) have not been observedwith tevagrastim/ratiograstim/biograstim or tbo-filgrastim during the postmarket
period.
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Introduction

Myelosuppressive chemotherapy provides substantial clin-
ical benefit in patients with cancer, but chemotherapy-
induced febrile neutropenia and the potentially increased
risk of life-threatening infection may limit optimal dosing
or treatment schedule, and compromise treatment out-
comes [1]. Recombinant granulocyte colony-stimulating
factors (rG-CSFs), such as filgrastim, are the standard of
care for preventing febrile neutropenia in patients receiving
myelosuppressive chemotherapy. Filgrastim (Neupogen®)
is a short-acting rG-CSF approved by the US Food and
Drug Administration (FDA) in 1991 as a prophylaxis for
chemotherapy-induced neutropenia [2, 3].
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A biosimilar for filgrastim, known as Tevagrastim®,
Ratiograstim®, or Biograstim®, was approved in Europe
by the European Medicines Agency in 2008 [4]. In the
USA, the same product was approved as tbo-filgrastim
(Granix®) in 2012 under an original biologic license ap-
plication for reducing the duration of severe neutropenia
in patients with nonmyeloid malignancies receiving mye-
losuppressive anticancer drugs associated with a clinically
significant incidence of febrile neutropenia [2, 4–6]. Tbo-
filgrastim is a hematopoietic growth factor that binds to
G-CSF receptors and stimulates proliferation of neutro-
phils. The structure, mechanism of action, and toxicity
profile of tbo-filgrastim are similar to the originator G-
CSF product [3, 5].

Overall, the safety experiences among the different
commercially available rG-CSFs are comparable [3, 5, 7].
In several pivotal phase 3 studies, tbo-filgrastim demon-
strated a similar safety profile to the reference product
filgrastim in patients with lung cancer, breast cancer, and
non-Hodgkin lymphoma receiving chemotherapy [8–10].
Typical adverse effects reported for rG-CSFs in patients
with cancer include bone pain, myalgia, asthenia, nausea,
and fever [4, 11, 12]. However, due to the small size,
controlled study environment, and short study duration of
clinical trials, it can be potentially challenging to detect rare
safety events. For this reason, postmarket pharmacovigilance
remains a priority for biologic products [11]. Marketed thera-
peutic products are subject to periodic safety update reports
(PSURs), which provide comprehensive worldwide safety as-
sessments [13].

Here, we present the real-world, cumulative postmarket
safety experience from the PSUR for tbo-filgrastim/
Tevagrastim/Ratiograstim/Biograstim (referred hereafter
as tbo-filgrastim) collected through December 31, 2016,
from 53 countries. Data from the US pharmacovigilance
experience are also summarized, with an emphasis on
pharmacovigilance data that resulted in safety updates in
the product label since initial FDA approval of tbo-
filgrastim in 2012.

Methods

Cumulative estimated exposure and pharmacovigilance
reports were collected globally from Teva and acquired
companies from initial marketing approval in Europe in
2008 until December 31, 2016. A separate search was
conducted to identify postmarket reports from the global
data set that originated from the USA and Puerto Rico.

Adverse event (AE) data were received from spontane-
ous reports submitted by healthcare professionals and
consumers, from 19 competent authorities out of 53 coun-
tries where products registered by Teva Group are

marketed, and the scientific literature,1 solicited case re-
ports were received from organized data collection sys-
tems, excluding cases received from clinical trials.

Adverse events were tabulated from a) spontaneous source
defined as events received from Health Care Professionals,
consumers, competent authorities and literature, and b)
solicited source defined as cases received from organized data
collection systems as non-interventional studies, and patient
support programs.

Duplicate checks were performed according to procedures
given in the CHMPGuideline on detection andmanagement of
duplicate individual cases and Individual Case Safety Reports
(ICSRs) [14]. AEs were categorized according to the Medical
Dictionary for Regulatory Activities (MedDRA) terms by sys-
tem organ class, source, and seriousness for pharmacovigilance
reporting. A serious adverse event (SAE) was defined as any
adverse drug experience occurring at any dose that results in
any of the following outcomes: death, a life-threatening adverse
drug experience, inpatient hospitalization or prolongation of
existing hospitalization, a persistent or significant disability/in-
capacity, or a congenital anomaly/birth defect. Important med-
ical events that may not result in death, be life-threatening, or
require hospitalization may be considered a serious adverse
drug experience when, based on appropriate medical judgment,
they may jeopardize the patient or subject and may require
medical or surgical intervention to prevent one of the outcomes
listed in this definition [15].

As with all therapeutic proteins, there is a potential for immu-
nogenicity [11]. A product-specific process for immunogenicity
testing of filgrastim in the post-marketing period was established
according to the riskmanagement plan (RMP) as a part of routine
pharmacovigilance activities. On request by clinicians or by Teva
for suspected cases, assessment of binding antibodies to tbo-
filgrastim has been conducted on patient’s serum samples col-
lected from postmarketing setting using validated assays.

Results

Exposure

As of December 31, 2016, the estimated global cumulative
exposure to tbo-filgrastim in the postmarket setting was
11,589,592 patient-days as calculated from sales data.
Cumulative postmarket exposure in the USA and Puerto
Rico was estimated to be 1,820,381 patient-days.

1 Searches were made for PSUR preparation and weekly using Embase,
Biosis, and Medline/PubMed. The following search terms were used:
BBIOGRASTIM^ or Bfilgrastim^ or Btbo-filgrastim^ or BXM02^ or BXM-
02^ orBGRANIX^ or BRATIOGRASTIM^ or BTEVAGRASTIM^ or
BNEUTROVAL^ orBNEUPOGEN^ or BZARZIO^ or BZARXIO^ or
BNIVESTIM^ or BEP2006^
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Cumulative global and US postmarket experience

The global safety database processed 720 case reports from
2008 to 2016. Postmarket data sources cumulatively reported
1432 AEs, of those 1164 were spontaneous event reports
while the remaining were serious and nonserious events from
solicited sources. From spontaneous sources, 582 events were
received from healthcare professionals and consumers, 448
cases were received from Health Authorities and 124 cases
were received from literature source. Five hundred sixty-
seven events out of the cumulative spontaneous cases were
serious, from solicited source, 77 events were serious. A sum-
mary of clinically relevant AEs and frequently occurring AEs
identified from cumulative global spontaneous and solicited
reports is provided in Table 1. The most common AEs report-
ed from global experience were pyrexia, bone pain, and back
pain, most of which were not serious. The most common SAE
reported were hematologic; there were 21 cases of febrile neu-
tropenia (21 of 567, 3.7%), 17 of neutropenia (17 of 567,
2.9%), 12 of increased white blood cell count (12 of 567,
2.1%), and 10 of increased neutrophils (10 of 567, 1.7%).

In the USA, a total of 168 spontaneous events were
received in the postmarket setting including 39 SAEs.
Only 1 serious case reporting death was received from
solicited source. Clinically relevant events are summa-
rized in Table 2. Postmarket experience in the USA is
generally similar to the global profile, with nonserious
bone pain being the most common nonhematologic event
reported. The most common clinically relevant events re-
ported in the USA that were considered serious were de-
creased white blood cell count and acute febrile neutro-
philic dermatosis (2 of 39 events each, 5.13%).

Reports of fatalities

Globally, 65 fatal outcomes were reported including 15
fatalities in the USA. In the USA, spontaneously reported
cases of death are automatically considered Brelated^ for
reporting purposes. However, signal detection, analysis,
and assessment according to Teva standard procedures re-
vealed that the majority of fatalities are likely attributed to
progression of underlying cancer or intercurrent disease
and no new signal emerged based on available data. One
caveat to this analysis is that it can be challenging to es-
tablish a causal relationship between tbo-filgrastim and
fatal events in the USA because tbo-filgrastim is indicated
for treatment of possible life-threatening complications of
chemotherapy in a vulnerable patient population (Table 3).

Reports of immunogenicity

During the reporting period, 8 patients were tested for anti-
drug-antibodies. Majority of patients were cancer patients

undergoing chemotherapy treatment and reporting allergic
symptoms after G-CSF administration. Anti-drug-antibody
testing was performed by Teva, and all results were negative,
i.e., no binding or neutralizing antibodies were detected.

Labeling updates to the US prescribing information

Global pharmacovigilance data for tbo-filgrastim have led to
label updates related to safety since initial approval. There
have been two updates to the US prescribing information
(PI) for tbo-filgrastim from 2012 to 2016. An update was
included per the originator drug in December 2014 for the
occurrence of capillary leak syndrome (CLS) [16]. CLS was
reported with a frequency of 4 of 2460 (0.16%) subjects in
clinical trials and may be related to extreme leukocytosis and
release of cytokines, such as interleukin-6. One SAE (1 of
567, 0.18%) of CLS was observed with tbo-filgrastim during
the postmarket period.

A recent update to the PI in February 2017 included a
contraindication for patients with a history of serious allergic
reactions to filgrastim or pegfilgrastim products. This update
also has additional information at the request of the FDA for
the management of glomerulonephritis to align with updates
to the PI of the originator drug. No case of glomerulonephritis
has been observed to date with tbo-filgrastim treatment during
the postmarket period. The FDA also requested the addition of
other adverse reactions identified from postmarket experience
including BSweet’s syndrome,^ also known as acute febrile
neutrophilic dermatosis (4 of 567, 0.71%), diarrhea (4 of
567, 0.71%), asthenia (1 of 567, 0.18%), and fatigue (1 of
567, 0.18%).

Discussion

Postmarket pharmacovigilance remains a priority for biologic
products to evaluate worldwide safety assessments and
benefit-risk analyses, especially in light of the limitations of
clinical trials (small size, controlled study environment, and
short study duration), which may be insufficient to detect rare
safety events when evaluating biologics.

Overall, the safety profile of tbo-filgrastim/tevagrastim/
ratiograstim/biograstim observed in the global postmarket set-
ting is comparable to clinical trial experience. The available
data suggest that the postmarket experience in the USA is
consistent with the global experience. In both global and US
datasets, bone pain was a common, nonserious AE that is
generally associated with rG-CSF use. Hematologic events,
including febrile neutropenia and decreased white blood cell
count, were the most common serious adverse reactions re-
ported in the postmarket setting. These events are likely attrib-
utable to chemotherapy treatment or to underlying disease. No
new signal emerged.
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Table 1 Number of commonly occurring events (≥ 10 cases) and selected clinically relevant adverse events associated with rG-CSFs identified from
global postmarket spontaneous reports for tbo-filgrastim/filgrastim from September 15, 2008, to December 31, 2016

MedDRA system organ class/preferred term Worldwide spontaneous AEs: total no. (HCP and
consumer/competent authorities/literature)

Worldwide solicited
AEs:

Total

Serious Non-serious Serious Non-serious

General disorders and administration site conditions 85 96 7 23 211

Asthenia 1 (0/1/0) 6(0/6/0) 0 2 9

Chest discomfort 5 (1/3/1) 1 (0/1/0) 0 0 6

Chest pain 8 (1/7/0) 8 (3/5/0) 0 0 16

Death 10 (8/2/0) 0 3 0 13

Drug ineffective 36 (17/19/0) 41 (28/7/6) 1 2 80

Fatigue 1 (0/0/1) 6 (5/1/0) 1 8 16

Malaise 4 (1/3/0) 5 (4/1/0) 1 0 10

Pyrexia 20 (7/10/3) 29 (22/7/0) 1 11 61

Musculoskeletal disorders 17 91 5 105 218

Arthralgia 2 (0/2/0) 15(9/6/0) 0 4 21

Back pain 4 (3/1/0) 23 (16/7/0) 1 20 48

Bone pain 7 (2/5/0) 37 (23/13/1) 3 54 101

Musculoskeletal paina 2 (1/1/0) 5 (2/3/0) 0 19 26

Myalgia 2 (2/0/0) 5 (2/2/1) 1 8 16

Spinal pain 0 6 (2/4/0) 0 0 6

Skin and subcutaneous tissue disorders 19 36 1 1 57

Acute febrile neutrophilic dermatosis 4 (1/1/2) 0 0 0 4

Erythema 6 (2/4/0) 10 (4/4/2) 0 0 16

Rash; rash generalized 3 (2/1/0) 17 (12/5/0) 1 1 22

Urticaria 6 (3/3/0) 9 (4/4/1) 0 0 15

Investigations 43 16 0 0 59

Neutrophil count decreased; white blood cell count decreased 15 (6/8/1) 8 (7/1/0) 0 0 23

Neutrophil count increased; white blood cell count increased 22 (2/20/0) 6 (5/0/1) 0 0 28

Platelet count decreased 6 (5/1/0) 2 (2/0/0) 0 0 8

Gastrointestinal disorders 14 34 5 7 60

Abdominal pain 5 (0/5/0) 3 (1/2/0) 2 0 10

Diarrhea 4 (0/3/1) 6 (3/3/0) 3 1 14

Nausea 0 (0/0/0) 17 (13/4/0) 0 6 23

Vomiting 5 (1/3/1) 8 (5/3/0) 0 0 13

Blood and lymphatic system disorders 42 4 8 0 54

Febrile neutropenia 20 (7/11/2) 0 5 0 25

Leukocytosisa 5 (2/2/1) 3 (3/0/0) 1 0 9

Neutropenia 17 (9/7/1) 1 (0/1/0) 2 0 20

Respiratory, thoracic, and mediastinal disorders 32 4 3 0 39

Acute respiratory failurea 2 (1/0/1) 0 0 0 2

Dyspnea 16 (5/10/1) 4 (0/3/1) 2 0 22

Interstitial lung disease 10 (4/0/6) 0 1 0 11

Respiratory failurea 4 (3/1/0) 0 0 0 4

Nervous system disorders 7 9 2 2 20

Headache 2 (0/2/0) 8 (7/0/1) 0 2 12

Syncope 5 (0/5/0) 1 (0/1/0) 2 0 8

Immune system disorders 4 0 0 0 4

Anaphylactic reactiona 4 (1/3/0) 0 0 0 4

Infections and infestations 7 0 1 1 9

Pneumoniaa 5 (2/1/2) 0 0 1 6

Septic shock 2(1/1/0) 0 1 0 3

MedDRA, medical dictionary for regulatory activities; rG-CSF, recombinant granulocyte colony-stimulating factor
a Adverse events included reports of important identified and potential risks with a probability of being related to drug treatment
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In the USA, additional safety updates weremade to the tbo-
filgrastim PI for consistency with the originator product (CLS
and glomerulonephritis) or were requested by the regulatory
agency (Sweet’s syndrome, asthenia, diarrhea, and fatigue).
To date, there are few reported cases of these events in the
global data set. Anaphylactic reaction that occurred during
therapy was extremely rare. No events were reported for glo-
merulonephritis, splenic rupture, or pulmonary fibrosis with
tbo-filgrastim treatment during the postmarket period. These
labeling updates emphasize the need and value of ongoing
safety surveillance after drug approval to assess emerging
risks and improve patient care.

Limitations of this analysis include voluntary reporting in
the spontaneous setting that may result in incomplete or miss-
ing medical information. Other confounding factors were (not

reported) concomitant medications and comorbidities in this
patient population that either limited signal detection or po-
tentially introduced false positives in the data set.

Regarding the immunogenicity, no new cases were detect-
ed and no specific areas of concern have arisen from the post-
marketing experience of filgrastim antibody testing.

For comparison, in three clinical trials of the previous clin-
ical development program conducted in cancer patients re-
ceiving chemotherapy, the overall incidence of immunogenic-
ity of tbo-filgrastim was 1.6% (7/436). Three patients in a
study with breast cancer patients, 3 patients in a study with
lung cancer patients, and 1 patient in a study with non-
Hodgkin lymphoma patients were identified to have antidrug
antibody response after tbo-filgrastim treatment, representing
immunogenicity incidences of 1.4% (3/213), 1.9% (3/160),

Table 2 Selected clinically relevant adverse drug reactions reported for tbo-filgrastim in the USA since initial approval in 2012

MedDRA system organ class/preferred term US spontaneous AEs: total no. (HCP and consumer/competent authorities/literature) Total

Serious Non-serious

General disorders and administration site conditions 8 26 34
Adverse event 1 (1/0/0) 2 (2/0/0) 3
Death 5 (5/0/0) 0 5
Malaise 1 (1/0/0) 2 (2/0/0) 3
Pyrexia 1 (1/0/0) 1 (1/0/0) 2
Drug ineffective 0 7 (7/0/0) 7
Fatigue 0 3 (3/0/0) 3
Injection site pain 0 3 (3/0/0) 3
Injury associated with device 0 3 (3/0/0) 3
Treatment failure 0 3 (3/0/0) 3
Pain 0 2 (2/0/0) 2

Investigations 3 9 12
White blood cell count decreased 2 (2/0/0) 4 (4/0/0) 6
Neutrophil count increased, white blood
cell count increased

1 (1/0/0) 3 (3/0/0) 4

Neutrophil count abnormal 0 2 (2/0/0) 2
Skin and subcutaneous tissue disorders 5 7 12
Acute febrile neutrophilic dermatosis 2 (1/0/1) 0 2
Pruritus 1 (1/0/0) 1 (0/1/0) 2
Urticaria 1 (1/0/0) 1 (0/1/0) 2
Rash 1 (1/0/0) 5 (5/0/0) 6

Musculoskeletal and connective tissue disorders 0 5 5
Bone pain 0 5 (4/1/0) 5

Gastrointestinal disorders 0 3 3
Nausea 0 3 (3/0/0) 3

Blood and lymphatic system disorders 2 1 3
Febrile neutropenia 1 (1/0/0) 0 1
Leukocytosis 1 (1/0/0) 1 (1/0/0) 2

Respiratory, thoracic and mediastinal disorders 2 0 2
Acute respiratory distress syndrome 1 (1/0/0) 0 1
Dyspnea 1 (1/0/0) 0 1

Nervous system disorders 0 4 4
Headache 0 2 (2/0/0) 2
Tremor 0 2 (2/0/0) 2

Infections and infestations 3 0 3
Neutropenic sepsis 1 (1/0/0) 0 1
Sepsis 1 (1/0/0) 0 1
Septic shock 1 (1/0/0) 0 1

Immune system disorders 1 1 2
Anaphylactoid reaction 1 (1/0/0) 0 1
Drug hypersensitivity 0 1 (1/0/0) 1
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and 1.6% (1/63), respectively. None of these 7 patients had
cross-reactive antibodies to native G-CSF, evidence of hyper-
sensitive or anaphylactic reactions, or loss of efficacy. All
antibody responses were transient and of low titers.
Neutralizing antibodies were not detected [17].

Comparisons of immunogenicity between tbo-filgrastim/
tevagrastim/ratiograstim/biograstim and other products may
be misleading because of differences in the sensitivity and
specificity of a particular assay. Antibody positivity may be
influenced by several factors, including assay methodology,
sample handling, timing of sample collection, concomitant
medications, and underlying disease. These challenges under-
score the need for standardized immunogenicity assays.

Conclusions

This pharmacovigilance analysis of tbo-filgrastim/
tevagrastim/ratiograstim/biograstim indicates that the global
postmarket safety experience is consistent with those of clin-
ical trials and that the US experience with tbo-filgrastim does
not significantly deviate from the known profile. Some ad-
verse reactions associated with the originator rG-CSF, such
as glomerulonephritis, have not been observed with tbo-
filgrastim during the postmarket period. Long-term safety data
from large and heterogeneous populations in real-world

practice permit continuous monitoring for emerging risks to
cancer patients treated with filgrastim and present an opportu-
nity to improve patient care.
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Appendix

Table 3 Listing of teva-sponsored non-interventional studies

Study Population studied

Observational study with Ratiograstim® in patients with
chemotherapy-induced neutropenia

Patients with chemotherapy-induced neutropenia, solid tumors or hema-
tological malignancies

Tevagrastim® pharmaco-epidemiology study in real life prescription
Strategies, for primary and secondary prophylaxis of
chemotherapy-induced Neutropenia depending on medical specialties

Patients in oncology, hematology or pulmology department treated by
cytotoxic chemotherapy, with primary or secondary prevention of
febrile neutropenia

A multicenter, prospective, non-interventional observational study evaluat-
ing the effect of Tevagrastim to the quality of life of cancer patients during
chemotherapy using taxanes

Patients undergoing chemotherapy in breast cancer, ovarian cancer,
bladder cancer and lung cancer

Observational, prospective and multicentric national study on the use of
Tevagrastim® (filgrastim) for the prophylactic treatment of chemotherapy
induced neutropenia in patients of 65 years old or over in real condition of
medical practice in oncology and onco-hematology

Patients aged 65 and over with prophylactic treatment by Tevagrastim®

Drug use-results survey of filgrastim- Post-marketing surveillance with re-
gard to efficacy, safety and proper use of drugs under actual use in routine
medical practice. The Drug Use Investigation is conducted in the follow-
ing indications: Mobilizing hematopoietic stem cells in to the peripheral
blood, for stimulating to increase during hematopoietic stem cell
transplant, chemotherapy-induced neutropenia and HIV associated
neutropenia, as a treatment strategy for the patients with HIV.production of
neutrophil

Patient groups are as follows:
- Mobilizing hematopoietic stem cells into the peripheral blood (only

autologous)
- Stimulating the increase of production of neutrophils during

hematopoietic stem cell transplant
- Neutropenia (due to cancer chemotherapy and HIV infection)

Specified drug use-results survey under long term treatment of filgrastim Patients with:
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Table 3 (continued)

Study Population studied

- Post-marketing surveillance with regard to efficacy, safety and proper use of
drugs under actual use in routine medical practice. The Special
Investigation applies to the following indications which are expected to
require long-term administration of the drug (for 6 months): Neutropenia
associated with myelodysplastic syndrome, neutropenia associated with
aplastic anemia and congenital/idiopathic neutropenia.

-Neutropenia associated with myelodysplastic syndrome
-Neutropenia associated with aplastic anemia
-Congenital/idiopathic neutropenia
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