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Abstract

Our aim was to compare the efficacy and safety of two recently developed bio-
similars of pegfilgrastim, a pegylated form of the recombinant human granulocyte-
colony stimulating factor (G-CSF) analog filgrastim with those of the reference
pegfilgrastim. We retrospectively analyzed data from patients diagnosed with diffuse
large B-cell lymphoma (DLBCL) who were treated with first-line R-CHOP chemo-
therapy and received pegylated G-CSF for primary prophylaxis. The following pe-
gylated G-CSFs were analyzed in this study: reference pegfilgrastim (Neulasta®) and
two of its biosimilars (tripegfilgrastim; Dulastin® and pegteograstim; Neulapeg®). In
total, 296 patients were enrolled. The number of patients with at least one episode
of neutropenia during R-CHOP chemotherapy was the lowest in the reference co-
hort (pegfilgrastim: 127 of 193 patients, 65.8%; tripegfilgrastim: 64 of 69 patients,
92.8%; pegteograstim: 28 of 34 patients, 82.4%, P < .001). The number of patients
with at least one episode of febrile neutropenia was also lowest in the reference
cohort (pegfilgrastim: 67 of 193 patients, 34.7%; tripegfilgrastim: 38 of 69 patients,
55.1%; pegteograstim: 16 of 34 patients, 47.1%, P = .009). There were no differences
in the duration of neutropenia and febrile neutropenia or treatment outcomes (rate
of complete response or relapse and survival). There were no reports of grade 3 or
higher adverse events requiring discontinuation of prophylactic pegylated G-CSF in
any group. The safety of the pegfilgrastim biosimilars for prophylactic purposes was
comparable to that of the reference pegfilgrastim; however, in terms of their efficacy,
the incidence of neutropenia and febrile neutropenia tended to be higher than that
when using pegfilgrastim. The clinical relevance of these results in the biosimilar

cohorts should be explored.
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1 | INTRODUCTION 2 | METHODS

Neutropenia and febrile neutropenia are serious complica- 2.1 | Study design and patients

tions of chemotherapy that may lead to treatment-related
mortality or affect treatment outcomes owing to the need to
reduce the intensity of treatment or delay treatment.! These
issues are more pronounced in patients requiring high-inten-
sity chemotherapy for curative purposes, such as patients with
hematologic malignancy. One of the advances in supportive
care is the use of granulocyte-colony stimulating factor (G-
CSF) to resolve these problems.z’3

G-CSF is one of the various extracellular stimuli that
mediate blood cell production.* It has been shown to play
an important role in the survival and differentiation of
neutrophil granulocytes and their prog.genitors,s’6 increase
in response to bacterial infection and the cell-mediated
immune response for emergency granulocyte produc-
tion,é'8 and enhance the effector functions of mature
neutrophils.9’10 Consequently, G-CSF is used for pro-
phylaxis of neutropenia and/or febrile neutropenia and
as one of the treatments for febrile neutropenia during
chemotherapy.3’1 1,12

Pegylated G-CSF, created by the covalent attachment of
a polyethylene glycol moiety to G-CSF, could be a better
alternative to the conventional G-CSF formulation because
of its longer half-life and sustained duration of action.'
A single dose of pegylated G-CSF every 3-4 weeks is as
effective as daily injections of the conventional G-CSF for
stimulation of the neutrophil response, with no notable dif-
ferences in toxicity.14 Pegylated G-CSF is preferred for pa-
tients who require prophylactic G-CSF; however, the cost
of pegylated G-CSF is high. Recently, various biosimilars
of pegylated G-CSFs have been used to overcome the cost
limitations.

Even if the biosimilars of pegylated G-CSFs are cost-ef-
fective, the most important factors are their efficacy and
safety. According to studies performed to date, there are no
clinically meaningful differences in efficacy and safety be-
tween pegfilgrastim (the reference pegylated G-CSF) and
its biosimilars; however, most studies have been conducted
in healthy volunteers or patients with solid cancers.'>"”
No study has compared pegfilgrastim biosimilars with
pegfilgrastim in patients with hematologic malignancy,
who usually have an intermediate or high risk of febrile
neutropenia.3’1 112

This study was a non-interventional cohort study and
aimed to confirm the efficacy and safety of two pegfilgrastim
biosimilars in comparison with those of the reference pegfil-
grastim in patients with clinically equivalent conditions. The
study subjects were patients who were diagnosed with diffuse
large B-cell lymphoma (DLBCL), the most common hema-
tologic malignancy, and treated with R-CHOP chemotherapy
as the first-line therapy.

This was a non-interventional comparative cohort study in
which we retrospectively analyzed the data of patients who
were consecutively enrolled in the Lymphoma Registry from
January 2014 to February 2020. The study was approved
by the institutional review board, and all data were fully
anonymized.

Patients who met the following inclusion criteria were
selected: (a) histologic diagnosis of DLBCL; (b) received
R-CHOP chemotherapy as the first-line therapy; and (b)
received pegylated G-CSF as the primary prophylaxis. If
a patient used intravenous methotrexate for therapeutic or
prophylactic purposes, they were excluded from the analy-
sis. However, if a patient used intrathecal methotrexate for
prophylactic purposes, the patient was included. The follow-
ing pegylated G-CSFs were analyzed in this study: reference
pegfilgrastim (Neulasta®, from 2014 until the present year
[February 2020]), tripegfilgrastim (Dulastin®, from 2015
until the present year), and pegteograstim (Neulapeg®, from
2017 until the present year).

R-CHOP chemotherapy consisting of 375 mg/m? intra-
venous rituximab, 750 mg/m* cyclophosphamide, 50 mg/
m? adriamycin, and 1.4 mg/m2 vincristine (maximum
dose: 2 mg) on day 1, and 100 mg/day oral prednisone on
days 1-5, was administered every 21 days for a total of six
to eight cycles. Pegylated G-CSFs (pegfilgrastim, tripeg-
filgrastim, and pegteograstim) were dosed as a 6 mg single
injection on day 2, 24 hours after the intravenous chemo-
therapy was completed. Levofloxacin (500 mg, once daily
from days 1 through 10 of each cycle) and sulfamethoxaz-
ole/trimethoprim (400 mg/80 mg each, twice daily from
days 1 through 7 of each cycle) were used as concomitant
prophylaxis for febrile neutropenia. To be included, pa-
tients had to have completed at least one cycle of R-CHOP.
At the time of analysis, all patients had finished first-line
therapy.

The surveillance protocol for adverse events during
R-CHOP chemotherapy in our center was as follows. The
first cycle of R-CHOP was performed with most patients hos-
pitalized, and a complete blood count (CBC) was conducted
daily from day 7 or 8 to check the absolute neutrophil count
(ANC). After identification of the day on which the lowest
ANC occurred during the first cycle, in the second cycle, we
performed a CBC for 1 day or 2 days before that day. If the
patient's ANC decreased to below 1000/uL, the CBC was
performed daily until the ANC recovered to above 1000/uL;
if the patient's ANC did not fall to below 1000/uL, the CBC
was checked every 1-3 days. The follow-up CBC examination
was performed for outpatients or inpatients as required by the
patient's condition.
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2.2 |

Clinical endpoints

The primary endpoint was the proportion of patients
that experienced neutropenia or febrile neutropenia dur-
ing chemotherapy and the duration of these conditions.
Neutropenia was defined as an ANC of less than 1000/uL,
and the duration of neutropenia was calculated as the me-
dian number of days from the first day of neutropenia to
the time at which ANC > 1000/L was achieved. Febrile
neutropenia was defined by the following conditions: (a) a
temperature of >38.3°C or > 38.0°C sustained for 1 hour;
(b) ANC < 500/uL. or ANC < 1000/uL, predicted to de-
cline to < 500/uL. over the next 48 hours. The duration of
febrile neutropenia was calculated as the median number of
days from the first day the definition of febrile neutropenia
was met to the time at which ANC recovered to > 1000/
uL and the antibiotic treatment for febrile neutropenia was
completed.

Secondary endpoints included the number of che-
motherapy adjustments (schedule delay, dose reduction,
early discontinuation, and dose escalation) related to neu-
tropenia or febrile neutropenia, response evaluation after
completion of first-line R-CHOP, the rate of relapse after
achieving complete response (CR), progression-free sur-
vival (PES), overall survival (OS), infection incidence, and
the incidence of adverse events higher than grade 3 caus-
ing discontinuation of the pegylated G-CSF. The response
evaluation and relapse were assessed by the Lugano clas-
sification.?” In patients who had achieved CR, the duration
of PFS was defined as the time from the date of CR to the
date of relapse or death. OS was defined as the time from
the date of diagnosis to the date of death. Adverse events
higher than grade 3 were assessed by using the National
Cancer Institute's Common Toxicity Criteria for Adverse
Events (version 5.0).

2.3 | Statistical analysis

Baseline characteristics were compared using the Kruskal—-
Wallis H test or Chi-squared test, as appropriate, and a post
hoc analysis with Bonferroni correction was performed if
needed. The proportion of patients that experienced neutro-
penia or febrile neutropenia during chemotherapy, the rate of
response, and the rate of relapse were compared by using a
Chi-squared test, and the duration of neutropenia or febrile
neutropenia was compared using a Kruskal-Wallis H test
with post hoc Bonferroni correction. PFS and OS were calcu-
lated using a Kaplan—Meier survival analysis and were com-
pared using the log-rank test. The IBM Statistical Package for
Social Sciences (SPSS) version 21.0 (IBM Corp., Armonk,
NY, USA) was used for data analysis. A p-value of < 0.05
was considered statistically significant.

3 | RESULTS

3.1 | Patient characteristics

In total, 296 patients were enrolled in this study. The refer-
ence pegfilgrastim cohort included 193 patients, and the
tripegfilgrastim cohort and pegteograstim cohort included
69 and 34 patients, respectively. The baseline characteris-
tics at diagnosis for each group are summarized in Table 1.
In the reference pegfilgrastim cohort, more patients had the
unclassified subtype than in other cohorts, and there was
a relatively low proportion of non-germinal center types
(P < .001). Apart from this, there were no significantly dif-
ferent characteristics among the groups, including age, sex,
Eastern Cooperative Oncology Group performance scores,
stage, bone marrow involvement, and relative dose inten-
sity of the first cycle.

3.2 | Comparison of effectiveness endpoints
The median number of cycles per patient was six (range:
2-6) in the reference pegfilgrastim cohort, six (range: 1-6)
in the tripegfilgrastim cohort, and six (range: 3-6) in the
pegteograstim cohort. The number of patients with at least
one episode of neutropenia during first-line R-CHOP chem-
otherapy was lowest in the reference pegfilgrastim cohort
(reference pegfilgrastim: 127 of 193 patients, 65.8%; tripeg-
filgrastim cohort: 64 of 69 patients, 92.8%; pegteograstim:
28 of 34 patients, 82.4%, P < .001). The number of patients
with at least one episode of febrile neutropenia during first-
line R-CHOP chemotherapy was also lowest in the reference
pegfilgrastim cohort (reference pegfilgrastim: 67 of 193
patients, 34.7%; tripegfilgrastim cohort: 38 of 69 patients,
55.1%; pegteograstim: 16 of 34 patients, 47.1%, P = .009)
(Table 2).

Over all six cycles, the reference pegfilgrastim cohort
showed lower overall neutropenia incidence during six
cycles of R-CHOP compared to the biosimilar cohorts
(Figure 1A). The tripegfilgrastim cohort showed a signifi-
cantly higher incidence of neutropenia than the reference
pegfilgrastim cohort in all six cycles (P < .001, <.001,
<.001, <.001, <.001, and .042 after Bonferroni correc-
tion, respectively). In the case of the pegteograstim cohort,
only the first cycle showed a significantly higher incidence
of neutropenia than the reference pegfilgrastim cohort
(P = .003 after Bonferroni correction). Febrile neutropenia
was shown to have a similar overall incidence except for
the first cycle (Figure 1B). The tripegfilgrastim cohort had
a significantly higher incidence of febrile neutropenia than
the reference pegfilgrastim cohort in the 1st, 4th, and 5th cy-
cles (P = .03, .012, and .018 after Bonferroni correction, re-
spectively). However, there were no statistically significant
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TABLE 1 Baseline characteristics at

diagnosis

Baseline
characteristics at
diagnosis
Median age, years
(range)
<60 ys, n (%)
>60y,n (%)
Male:Female ratio
ECOG, n (%)
0-1
>2

DLBCL, subtype,
n (%)

Non-GCT

GCT

Unknown
Stage, n (%)

I-II

I-1v

BM involvement,
n (%)

Relative dose
intensity of 1st
cycle (%)

Median (range)
Mean (SD)

TABLE 2 Comparison of effectiveness endpoints

Effectiveness endpoints

Number of patients with at least one N episode

during CTx, n (%)

Number of patients with at least one FN episode

during CTx, n (%)

Pegfilgrastim
(n=193)

127 (65.8)

67 (34.7)

Number of chemotherapy adjustments due to N or

FN
Schedule delay
Dose reduction
Early discontinuation

Dose escalation

1(0.6)
11 (8.4)
6(3.4)
3(L.7)

Abbreviations: N, neutropenia; CTx, chemotherapy; FN, febrile neutropenia.

differences in the pegteograstim cohort compared with the

reference pegfilgrastim cohort.

When neutropenia and febrile neutropenia occurred during
each cycle, the duration of each did not differ among the cohorts
(Figure 2A,B). The adjustments of chemotherapy owing to

Pegfilgrastim
(m=193)

63 (26-85)

78 (40.4)
115 (59.6)
1.54

191 (98.9)
2(1.0)

87 (45.1)
48 (24.9)
58 (30.1)

104 (53.9)
89 (46.1)
13 (6.7)

100 (50-100)
87.95 (15.29)
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Tripegfilgrastim Pegteograstim
(n = 69) (n = 34) P
65 (27-92) 63 (29-84) 719
27 (39.1) 12 (35.3) .874
42 (60.9) 22 (20.6)
0.97 1.43 262
.060
68 (98.6) 32 (94.1)
1(1.4) 2 (5.8)
<.001
46 (66.7) 23 (67.6)
18 (26.1) 8(23.5)
5(7.2) 3(8.8)
.596
37 (53.6) 15 (44.1)
32 (46.4) 19 (55.9)
5(7.2) 3 (8.8) 919
974

100 (50-100)
89.64 (14.56)

Tripegfilgrastim

(n = 69)
64 (92.8)

38 (55.1)

1(1.5)
1(1.5)
7 (10.6)
3(4.5)

100 (50-100)
88.97 (15.56)

Abbreviations: BM, bone marrow; DLBCL, diffuse large B-cell lymphoma; ECOG, Eastern Cooperative
Oncology Group performance; GCT, germinal center type; SD, standard deviation.

Pegteograstim
(n=34) P

28 (82.4) <.001

16 (47.1) .009

0 (0)

1(1.5)
3(1.9)
4(12.1)

neutropenia or febrile neutropenia are summarized in Table 2.
There was no difference in the frequency of the situations af-
fecting the progress of treatment, such as delayed treatment,
dose reduction of chemotherapy, and early discontinuation of
treatment because of neutropenia or febrile neutropenia.
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FIGURE 2 Duration of neutropenia and febrile neutropenia during first-line R-CHOP chemotherapy. The boundaries of the box indicate the

minimum and maximum, and the line within the box marks the median

3.3 | Effect on treatment outcomes

The CR rates after completing first-line R-CHOP chemo-
therapy were 80.3% (155 of 193 patients), 82.6% (57 of 69
patients), and 91.2% (31 of 34 patients) in the reference pegfil-
grastim, tripegfilgrastim, and pegteograstim cohorts, respec-
tively. The relapse rates in patients who completed first-line
R-CHOP chemotherapy and achieved CR according to the
response evaluation criteria were 9.7% (15 of 193 patients),
14.3% (8 of 69 patients), and 10.0% (3 three 34 patients) in the
reference pegfilgrastim, tripegfilgrastim, and pegteograstim
cohorts, respectively. There were no statistically significant

differences in the CR rates and relapse rates among the co-
horts (Table 3). Similarly, the PES and OS also did not vary
significantly among the cohorts (Figure 3A,B).

3.4 | Documented infections and adverse
events leading to discontinuation of the
pegylated G-CSF

Among patients with febrile neutropenia, documented in-
fections occurred in 38.8% (26 of 67 patients in the refer-
ence pegfilgrastim cohort), 23.7% (9 of 38 patients in the



KANG ET AL. C . e 6107
ancer Medicine _ J_
o~ WILEY
TABLE 3 Effect on treatment
) ] ecton treatmen Effect on treatment Pegfilgrastim Tripegfilgrastim Pegteograstim
outcomes outcomes (n = 193) (n = 69) (n = 34) P
Response evaluation 301
after completion
of first-line
chemotherapy, n (%)
Complete response 155 (80.3) 57 (82.6) 31 (91.2)
Partial response 22 (11.4) 4(5.8) 2(5.9)
Progressive disease 15 (7.8) 6 (8.7) 1(2.9)
Relapse® 1509.7) 8 (14.3) 3 (10.0) .674
“All relapses were counted only in patients who completed first-line R-CHOP and achieved complete response
according to the response evaluation criteria.
A Progression-free survival Overall survival
100+
T 801 [
= g e
e =
5 604 5 604
»n »n
— 7 o E
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g 40 : 401 —— Pedfilgrastim
E ] é‘: —— Tripedfilgrastim
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Months

Months

FIGURE 3 Progression-free survival and overall survival according to the type of the pegylated G-CSF treatment

tripegfilgrastim cohort), and 25.1% (4 of 16 patients in the
pegteograstim cohort) (Table 4). When the documented in-
fections were compared, there were no associations between
specific bacteria and the treatment group. There were no re-
ports of grade 3 or higher adverse events requiring discon-
tinuation of the prophylactic pegylated G-CSF in any group.

4 | DISCUSSION

In this study, two pegfilgrastim biosimilars (tripegfilgrastim
and pegteograstim) did not show severe toxicities and did
not affect the outcome of treatment (rates of CR or relapse,
and survival) during the first-line R-CHOP chemotherapy in
patients newly diagnosed with DLBCL. However, in terms
of the incidence of neutropenia and febrile neutropenia, the
biosimilars showed lower efficacy compared with the refer-
ence pegfilgrastim, especially in the first cycle of R-CHOP
chemotherapy. When neutropenia and febrile neutropenia oc-
curred during first-line R-CHOP chemotherapy, there were
no differences in the duration of neutropenia and febrile neu-
tropenia among the cohorts.

G-CSF is a pleiotropic growth factor that stimulates the
survival, proliferation, differentiation, and function of bone
marrow precursor cells and mature neutrophils through its
G-CSF receptor (G-CSFR). The activated G-CSFR medi-
ates downstream signal transduction pathways, such as Janus
kinase (JAK)/signal transducer and activator of transcrip-
tion (STAT), Src kinases, and phosphatidylinositol 3-kinase
(PI3K), resulting in the increased production of neutrophils
in healthy and diseased states.”!" Pegylated G-CSF is cre-
ated by the conjugation of a polyethylene glycol moiety to
the conventional G-CSF, minimizing its renal clearance by
glomerular filtration and making neutrophil-mediated clear-
ance the predominant route of elimination without interfering
with its receptor-binding domain."® The difference between
the reference pegfilgrastim and its two biosimilars is thought
to be the balance between this adjustment of the elimination
pathway and the binding affinity to G-CSFR.

To date, published studies have shown no difference in ef-
ficacy and safety between reference pegfilgrastim and its bi-
osimilars." However, there is not enough evidence to draw a
definitive conclusion because the number of studies is small;
most of these studies were conducted in patients with breast
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Pegfilgrastim Tripegfilgrastim
Documented infections (n = 67) (n = 38)
Number of microbiologically 26 (38.8) 9(23.7)
documented infections, n (%)

Blood 6 (9.0) 4(10.5)
Acinetobacter species 1 -
Bacteroides species 1 =
Candida species 1 -
Clostridium species - 1
Enterobacter species 1 -
Enterococcus species - 1
Escherichia species 1 -
Staphylococcus species 1 2
Sputum 7(10.4) 0(0.0)
Acinetobacter species 1 =
Enterobacter species 2 -
Staphylococcus species 2 =
Streptococcus species 1 -
Pseudomonas species 1 -
Urine 13 (19.4) 5(13.2)
Corynebacterium species 2 =
Enterococcus species 7 5
Escherichia species 3 -
Staphylococcus species 1 -

cancer, and the interpretation of efficacy was mainly focused
on the duration of neutropenia.>** In this study, the biosim-
ilars were associated with a higher incidence of neutropenia
and febrile neutropenia than the reference pegfilgrastim, es-
pecially in the first cycle of R-CHOP chemotherapy. Since
the efficacy of pegylated G-CSF could be affected by the
function of its receptor-binding domain and the avoidance of
renal clearance, if these results are accurate, several hypothe-
ses can be proposed. The first hypothesis is that the difference
in receptor-binding ability based on the drug may occur due
to differences in the lymphoma itself or its specific treatment.
Lymphoma, derived from lymphoid cell lines, may exhibit a
stronger expression of G-CSFR,*% resulting in dysregulated
signaling pathways, including JAK/STAT, Src kinases, and
PI3K, compared to solid cancers.” In addition, the anti-CD20
agents and high-dose steroids used in the treatment of B-cell
lineage lymphoma have been associated with STAT,**** Src
kinases,”>** and PI3K.*** These molecular changes may
have affected receptor-binding ability and our ability to dis-
tinguish between the efficacy of the reference pegfilgrastim
and the biosimilars. The second hypothesis is that the sub-
jects of the present study are different from the subjects of
previous studies.”* The median age of patients was 49.9-
53.4 years in previous studies; however, it was 63 years
(range: 26-92 years) in the present study. In the present study,

TABLE 4 Documented infections

Pegteograstim . . .
during first-line R-CHOP chemotherapy

(n = 16)
4(25.1)

3(18.8)

at diagnosis, 1.4% of patients had neutropenia (ANC < 1000/
pL) (3 of 193 patients, 1.6%; tripegfilgrastim: 0 of 69 patients,
0%; and pegteograstim: 1 of 33 patients, 2.9%), and 21.6% of
patients showed less than 60 mL/min/1.73 m? (estimated glo-
merular filtration rate calculated by the CKD-EPI equation;
pegfilgrastim: 38 of 193 patients, 19.7%; tripegfilgrastim: 16
of 69 patients, 23.1%; and pegteograstim: 10 of 33 patients,
29.4%). On the other hand, 7.1% of patients in the present
study had bone marrow involvement with their lymphoma at
the time of diagnosis (Table 1). However, since other studies
did not provide information on ANC counts, kidney function,
and bone marrow invasion of the underlying disease, direct
comparison to the present study is not possible. In addition,
although there was no statistical difference in the distribu-
tion of the above characteristics for each group in the present
study, the possibility that the minute difference between the
groups influenced the receptor-binding ability and its renal
clearance cannot be eliminated. However, the reasons why the
biosimilars were associated with a higher incidence of neutro-
penia and febrile neutropenia than the reference pegfilgrastim
cannot be determined by this study alone, and further studies
are warranted.

This was a retrospective study, and because of the small
number of patients in the analysis, there was a limit to the
conclusions that could be drawn from the results. In addition,
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as only the biosimilars of pegylated G-CSFs used in our cen-
ter were compared and analyzed, our results cannot repre-
sent all biosimilars of pegylated G-CSFs. Nevertheless, this
study is, to the best of our knowledge, the first to compare
the reference pegfilgrastim and its biosimilars in hematologic
malignancy. We analyzed the efficacy and safety of the ref-
erence pegfilgrastim and its biosimilars in a uniform clinical
setting by studying patients with DLBCL receiving first-line
R-CHOP under an identical prophylactic and surveillance
protocol for neutropenia and febrile neutropenia during che-
motherapy. Therefore, this study can easily be applied in real
clinical practice. As more evidence accumulates, it is pre-
dicted that the biosimilars will be put to use in clinical situa-
tions when indicated by evidence-based analysis of the costs
and benefits.

In conclusion, in patients with DLBCL receiving first-
line R-CHOP chemotherapy, safety of the prophylactic
use of pegfilgrastim biosimilars (tripegfilgrastim and peg-
teograstim) did not differ from that of the reference pegfil-
grastim. However, in terms of efficacy, though the duration
of neutropenia and febrile neutropenia did not differ, the
actual incidence rate of neutropenia and febrile neutropenia
was higher in patients treated with the biosimilars than in
those treated with the reference pegfilgrastim. The clinical
relevance of these results in the biosimilar cohorts warrants
further evaluation.
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