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Abstract

Introduction: Cancer patients receiving myelosuppressive chemotherapy are vulnerable to febrile neutropenia (FN)
which contributes to poor treatment outcomes. The use of granulocyte colony-stimulating factors is administered to
prevent chemotherapy-induced neutropenia. The introduction of biosimilars has allowed for greater cost-savings while
maintaining safety and efficacy. This retrospective study assessed the incidence of FN and related treatment outcomes
and the cost minimization of a pegfilgrastim biosimilar and its reference.

Methods: A retrospective chart review of breast cancer patients receiving (neo) adjuvant chemotherapy from February
2017 to May 2020 was conducted. The endpoints included the incidence of FN, the occurrence of dose reduction (DR),
dose delay (DD) and pain. A cost minimization analysis was performed from a third-party payer perspective.
Results: One hundred Neulasta® and 74 Lapelga® patients were included in the first-cycle analysis. The rate of FN in cycle
| for Neulasta® and Lapelga® was 2/100 and 4/74, respectively; risk difference (RD) = 3.4%; 95% Cl: —2.4 to 9.2%. Eighty-
three Neulasta® and 59 Lapelga® patients were included in the all-cycle analyses, where DR was reported in 76 (15%)
Neulasta® cycles vs 33 (10%) Lapelga® cycles (RD =-3.6, 95% Cl: —10.2 to 2.9). DD was reported in 20 (4%) Neulasta®
cycles vs. |1 (3.5%) Lapelga® cycles (RD =-0.3; 95% Cl: —2.7 to 2.0). Adverse events were similar between groups. Cost
minimization using a cohort of 20,000 patients translated into an incremental savings of $21,606,800 CAD for each cycle.
Conclusion: The biosimilar pegfilgrastim was non-inferior to the reference biologic based on FN incidence in addition
to related outcomes including DR and DD.
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Introduction o . I .
hospitalization requiring antibiotic treatment to avoid

Febrile neutropenia (FN) is considered the most seri- fatal consequences, including sepsis_4 Furthermore,
ous dose-limiting toxicity of myelosuppressive chemo- severe or prolonged neutropenia impacts the
therapy, as it both increases the immediate risk of
infection and limits the delivery of chemotherapy, lead-
ing to suboptimal levels of long-term treatment suc-
cess. It is often defined as an absolute neutrophil
count (ANC) less than 0.5 x 10° cells/L (or the expec-
tation that it will fall to <0.5 x 10 cells/L) with a single ~ Corresponding author:
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achievement of target dose intensity and commonly
necessitates chemotherapy dose reductions (DR) and
delays (DD).>® DDs, DRs, and discontinuation of che-
motherapy decrease the overall efficacy of this treatment,
adversely impacting cancer survival outcomes.”’ Not
only does FN increase morbidity and mortality, but it
also results in a substantial economic burden due to hos-
pitalization costs.® 1

FN incidence can be lowered through the use of gran-
ulocyte colony-stimulating factors (G-CSFs) to reduce
the severity and duration of neutropenia in patients
with non-myeloid malignancies receiving myelosuppres-
sive anti-cancer drugs.'"'> Current practise guidelines
recommend the use of G-CSF agents with chemotherapy
regimens associated with elevated FN risk of greater than
20% or those of intermediate risk (10-20%) if they pre-
sent with additional individual risk factors (age, perfor-
mance status, previous history of FN).*®!3 Recombinant
G-CSFs are available as short- and long-acting forms,
which differ in requiring a weight-based, daily-dosing
schedule versus a fixed-dose, administered once-per
cycle schedule, respectively. A pegylated variant of the
short-acting filgrastim, pegfilgrastim, possesses the same
mechanism of action but has a longer half-life.
Pegfilgrastim levels are self-regulating which allows for
clearance only when the neutrophil count increases suffi-
ciently beyond the absolute neutrophil count nadir and
growth factor support is no longer required.'*"
Experimental and real-world studies suggest that pegfil-
grastim may provide more effective prophylaxis against
FN when compared to filgrastim.'*'® Pegfilgrastim is
intended to improve treatment adherence due to the
need for fewer administrations and has demonstrated
better maintenance of relative dose intensity and reduced
hospital visits in comparative effectiveness studies.'*!"!

While G-CSF biologics are important for the prophy-
laxis of FN, they have been identified as significant
drivers of global healthcare costs.”® Biosimilars are
lower-cost versions of previously approved reference
biologics that must demonstrate high similarity to an
authorized reference product in terms of molecular
characterisation, purity, stability, pharmacokinetics,
pharmacodynamics, efficacy, safety, and immunogenic-
ity.>"*? Biosimilars intend to decrease the costs
associated with high-priced biologics and their imple-
mentation has conferred significant cost savings.?’
Furthermore, the use of biosimilars has potential to
increase patient access to treatment through direct
reduction of health systems costs.”>**

The pegfilgrastim biosimilar, (Lapelga®, Apobiologix,
Toronto, ON) was the first pegfilgrastim biosimilar
approved in a major global market, initially approved
by Health Canada in 2018.>?° The aim of this real-
world clinical study was to assess the safety and efficacy
of the pegfilgrastim biosimilar, Lapelga® versus the

reference pegfilgrastim (Neulasta®, Amgen, Thousand
Oaks, CA, USA). in primary prophylaxis of FN in
breast cancer patients receiving myelosuppressive, (neo)
adjuvant chemotherapy.

Methods

Patient population

This single-center, retrospective, cohort study was
approved by the institutional research ethics board
[REB #2429]. A manual chart review of all breast
cancer patients receiving cytotoxic chemotherapy with
G-CSF support from February 2017 to May 2020 was
conducted. Included patients were treated with neoad-
juvant or adjuvant chemotherapy and were adminis-
tered G-CSF primary prophylaxis with either
pegfilgrastim product. Patient characteristics (age,
BMI), pathology (tumour stage, tumour morphology),
and treatment characteristics (chemotherapy regimen,
treatment intent) were collected. Across all cycles, the
incidence of FN, DD, DR, and adverse events associ-
ated with the use of G-CSF agent (specifically bone,
joint, and muscle pain) were evaluated. Any DD and
DR were collected. DDs were defined as a delay in
treatment of six or more days and DR were defined
as any reduction in dosage of one or more chemother-
apy agents when compared to baseline dosage.
The incidence of first cycle and all-cycle FN requiring
hospitalization plus chemotherapy DD and DR were
analyzed independently in both cohorts. The general
guidelines for FN diagnosis and standards of care
directing G-CSF prophylaxis remained consistent
throughout the duration of the study period.
The occurrence of bone, joint and/or muscle pain were
collected individually, but due to the ambiguity of many
pain descriptions, these indicators were grouped into an
overall assessment of pain for the analysis.

Patients were excluded if they had a primary cancer
other than in the breast, were receiving palliative treat-
ment, had previous chemotherapy, or had begun their
chemotherapy with a short-acting G-CSF. Patients
were further excluded from the all-cycle analysis if
they had prematurely stopped their chemotherapy for
a reason other than FN, received secondary G-CSF
prophylaxis, switched their chemotherapy or were
receiving a weekly treatment regimen. Subjects who
switched their G-CSF product or discontinued its
usage were still included in the analysis up until their
switch. Although the product monograph of both G-
CSF products state that it should not be used within 14
days of chemotherapy, it was still administered for
patients given treatment everyl4-days. This simply
reflects the real-world practice of medical oncologists
at our centre. Patients were instructed to administer
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G-CSF the next day following the chemotherapy treat-
ment by at least 24 hours.

Endpoints

The primary endpoint was the incidence of FN, which
was comparatively assessed as the risk difference
between the Neulasta® and Lapelga® cohorts. As FN
commonly presents in the first cycle,?’ 2’ the incidence
of FN events in the first cycle was the primary
endpoint.

Secondary endpoints included FN event throughout
the entire course of chemotherapy, length of hospital-
ization, chemotherapy DR and DD incidence, as well
as the magnitude of the DR (compared to baseline) and
DD as a deviation >6 days from the recommended
dose scheduling for the prescribed regimen. The inci-
dence of adverse events related to G-CSF usage was
restricted to investigating bone pain that was deter-
mined by patient-reported cases of pain. Cost minimi-
zation was performed to record the incremental cost
savings of implementing Lapelga® into a health care
setting in Canadian currency.

Statistical analysis

Demographics of patients included in the first and total
cycle analysis were summarized using mean, standard
deviation (SD), median, inter-quartiles, and range for
continuous variables, and proportions for categorical
variables. To compare demographics between
Lapelga® and Neulasta® patients, Wilcoxon rank-sum
nonparametric test or Fisher exact test was applied for
continuous or categorical variables as appropriate. The
primary objective of non-inferiority of the biosimilar vs
reference biologic was evaluated for the rate of FN in
cycle 1 and for total cycles, where the risk difference
(RD) in the rate of FN with 95% confidence intervals
(CI) was reported. The non-inferiority margin was set
at 15% for the absolute risk difference in the FN rate
between treatments. Non-inferiority was met if the
upper limit of 95% CI was <15%.

To compare the incidence of FN, side effect of any
pain, DD, and DR between Lapelga® and Neulasta®
treatment group in the whole cycles’ analysis, general-
ized estimating equation (GEE) models were con-
ducted, and a binomial distribution with logit link
function were specified in the GEE models. For the
duration of FN-associated hospitalization in days,
number of days delayed, and percent of reductions, a
Poisson distribution with log link function were speci-
fied in the GEE model. All models were fit using an
exchangeable correlation structure, the independent
variables included the binary treatment group
(Lapelga® vs. Neulasta®) and chemotherapy cycles

(1-8). P-value, RD and 95% confidence intervals (CI)
were estimated for each binary endpoint.

Matched analysis was done using one-to-one patient
comparators between two treatment groups using age
and chemotherapy regimens. For instance, patients
were first matched based on chemotherapy regimen
and then were matched based on age +5 years, then
age +10 years. Any patient who was not matched
would be excluded in the matched analysis. All analyses
were conducted using Statistical Analysis Software
(SAS version 9.4, Cary, NC). P-value < 0.05 was con-
sidered statistically significant.

Cost minimization

A cost minimization analysis was performed from a
third-party payer perspective. The base case cost for
Lapelga® ($1,424.63 for 6mg/0.6mL dose) was
obtained from the Ontario Drug Benefit formulary
accessed June 22, 2020 and the cost for Neulasta®
($2,504.97 for 6 mg/0.6 mL dose) was obtained from
CADTH Submission for Lapelga®. The base case
model was computed in Microsoft Excel 2016
(Microsoft, USA) using a hypothetical cohort of
20,000 patients receiving third-generation anthracy-
cline-based chemotherapy in a neoadjuvant or adju-
vant setting for early or locally advanced breast
cancer. Sensitivity analysis was performed evaluating
how costs would vary if the established reference was
changed from Neulasta® to Lapelga®. The incremental
cost difference was also evaluated if the price of the
aforementioned drugs was discounted between 15—
35%. Given that the time horizon of the model was
under one year, no global discounting was utilized.

Results

Patient demographics

One hundred and twenty-nine patients who had
received the reference pegfilgrastim and 93 patients
who had received the biosimilar were screened
(Figure 1). After applying the inclusion and exclusion
criteria, 100 Neulasta® patients and 74 Lapelga®
patients were eligible for the cycle-1 chemotherapy
analysis. For all-cycle analysis, 83 Neulasta® and 59
Lapelga® patients were included, representing a total
of 837 cycles, 515 being the originator and 322 being
the biosimilar.

Patient demographics and treatment characteristics
were relatively well balanced between the two treat-
ment groups. The demographics are summarized in
two separate tables: Table 1 shows the demographics
for patients included in the first cycle analysis and
Table 2 shows demographics for patients included in
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Breast cancer patients receiving
pegfligrastim GCSF February 2017-2020

n =129 Neulasta patients

n =93 Lapelga patients

at our centre

Declined chemotherapy
n =4 Neulasta patients excluded
n=0 Lapelga patients excluded
Previous chemotherapy
n =4 Neulasta patients excluded
n =4 Lapelga patients excluded
Not adjuvant/neoadjuvant intent
n =2 Neulasta patients excluded
n=1 Lapelga patients excluded
Received other GCSF at 1st cycle
n =16 Neulasta patients excluded
n =13 Lapelga patients excluded

n =3 Neulasta patients excluded
n=1 Lapelga patients excluded

Patient started chemotherapy at different institution

1st cycle only analysis

Neulasta n= 100

Lapelga n=74

Prematurely stopped chemotheryapy
(unrelated to FN)

n =7 Neulasta patients excluded
n =2 Lapelga patients excluded
Switch in chemotherapy regimen

n =6 Neulasta patients excluded

n =8 Lapelga patients excluded
Weekly AC-paclitaxel regimen
n=>5 Neulasta patients excluded

n =8 Lapelga patients excluded

Complete analysis*
Neulasta n= 83

Lapelga n=59

Figure |. Exclusion criteria used to determine cohorts. *Patients who had Lapelga or Neulasta for their first cycle and then were
switched to a different GCSF during a portion of their cycle were included in the complete analysis up until the point they switched.

the total-cycle analysis. Online Appendix 1 describes
the chemotherapy drugs administered during each
cycle in common breast chemotherapy treatment regi-
mens. There were no significant differences between the
Lapelga® and Neulasta® patients in age, chemotherapy
treatment intent, primary diagnosis, body mass index

(BMI), baseline hemoglobin levels, baseline white
blood cell count, and chemotherapy regimen.
However, the weight and BMI were numerically slight-
ly different, as the Neulasta® group had a slightly
higher BMI and weight, but this difference was not
significant. There was a significant difference in disease
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Table I. Demographics of patients included in the first cycle analysis.
Number of patients Total (N=174) Neulasta® (N = 100) Lapelga® (N =74) p-value®
Age (years) 0.3451
N 174 100 74
Mean £ SD 50.77 +10.64 49.94+£9.92 51.89+11.52
Median (inter-quartiles) 50.0 (44.0, 58.0) 50.0 (43.5, 57.0) 51.0 (44.0, 60.0)
Min, Max 21.0, 78.0 21.0,71.0 27.0,78.0
Age categories (years) 0.2536
<40 26 (14.94%) 17 (17.00%) 9 (12.16%)
40-<50 52 (29.89%) 28 (28.00%) 24 (32.43%)
50-<60 59 (33.91%) 38 (38.00%) 21 (28.38%)
>60 37 (21.26%) 17 (17.00%) 20 (27.03%)
Chemotherapy intent 0.8786
Adjuvant 90 (51.72%) 51 (51.00%) 39 (52.70%)
Neoadjuvant 84 (48.28%) 49 (49.00%) 35 (47.30%)
Primary diagnosis 0.4791
DCIS | (0.57%) I (1.00%) 0 (0.00%)
IDC 155 (89.08%) 87 (87.00%) 68 (91.89%)
IDC/DCIS | (0.57%) I (1.00%) 0 (0.00%)
IDC/ILC | (0.57%) 0 (0.00%) I (1.35%)
ILC 16 (9.20%) 1 (11.00%) 5 (6.76%)
Weight at baseline (kg) 0.0819
N 174 100 74
Mean &+ SD 71.30£17.45 73.31+£18.34 68.59£15.90
Min, max 40.5, 165.9 42.5, 165.9 40.5, 135.0
BMI at baseline (kg/m?) 0.1411
N 174 100 74
Mean £ SD 2728 +6.14 27.89+6.75 26.45+5.15
Min, max 16.5, 66.5 16.5, 66.5 18.5, 48.4
Hemoglobin at baseline (g/L) 0.6303
N 174 100 74
Mean &+ SD 131.93+11.50 131.60+11.68 13238+ 11.31
Min, max 90.0, 159.0 90.0, 159.0 94.0, 158.0
WABC at baseline (x 10%/L) 0.1276
N 173 99 74
Mean &+ SD 6.83 £2.24 7.07 £2.52 651 £1.75
Min, max 27,233 3.0,233 2.7, 109
Disease stage at baseline 0.0562
Stage | 2 (1.15%) I (1.00%) I (1.35%)
Stage 2 58 (33.33%) 30 (30.00%) 28 (37.84%)
Stage 3 74 (42.53%) 39 (39.00%) 35 (47.30%)
Missing 40 (22.99%) 30 (30.00%) 10 (13.51%)
Chemotherapy regimens® 0.9130
AC-PACL® 84 (48.28%) 49 (49.00%) 35 (47.30%)
FEC-D 6l (35.06%) 33 (33.00%) 28 (37.84%)
DOCETAXCYCLO 26 (14.94%) 16 (16.00%) 10 (13.51%)
TCH 3 (1.72%) 2 (2.00%) I (1.35%)

DCIS = ductal carcinoma in situ; IDC = invasive ductal carcinoma; ILC = invasive lobular carcinoma; WBC = white blood cells; BMI = body mass index.
*Wilcoxon rank-sum nonparametric test for continuous variables, or Fisher exact test was applied for categorical variables as appropriate. p<0.05 was

considered statistically significant. Bold values indicate significance.

PDescriptions of abbreviations found in Online Appendix 1.

‘Dose dense AC- PACL.

stage at baseline with Lapelga® having a greater pro-
portion of patients with a higher stage (p=0.021) in
the all-cycle analysis group, but this difference did not
meet the threshold of statistical significance in the first

cycle analysis group (p=0.0562).

First cycle analysis FN events

In the first cycle, two (2%, 95% CI: 0.2-7.0%)
Neulasta® patients and four (5.4%, 95% CI: 1.5-
13.3%) Lapelga® patients experienced an FN event,
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Table 2. Demographics of patients included in the whole cycle analysis.

Number of patients Total (N = 142) Neulasta® (N = 83) Lapelga® (N =59) p-value®
Age (years) 0.7893
N 142 83 59
Mean £+ SD 50.63 +10.66 50.14+10.20 S51.31£11.32
Median (inter-quartiles) 50.0 (44.0, 58.0) 51.0 (46.0, 57.0) 50.0 (44.0, 60.0)
Min, max 21.0, 78.0 21.0,71.0 27.0, 78.0
Age categories (years) 0.1816
<40 22 (15.49%) 15 (18.07%) 7 (11.86%)
40-<50 41 (28.87%) 20 (24.10%) 21 (35.59%)
50-<60 49 (34.51%) 33 (39.76%) 16 (27.12%)
>60 30 (21.13%) I5 (18.07%) I5 (25.42%)
Chemotherapy intent 0.8649
Adjuvant 75 (52.82%) 43 (51.81%) 32 (54.24%)
Neoadjuvant 67 (47.18%) 40 (48.19%) 27 (45.76%)
Primary diagnosis 0.7853
DCIS I (0.70%) I (1.20%) 0 (0.00%)
IDC 125 (88.03%) 72 (86.75%) 53 (89.83%)
IDC/DCIS I (0.70%) I (1.20%) 0 (0.00%)
IDC/ILC I (0.70%) 0 (0.00%) I (1.69%)
ILC 14 (9.86%) 9 (10.84%) 5 (8.47%)
Weight at baseline (kg) 0.1526
N 142 83 59
Mean +SD 7125+ 16.04 72,69+ 15.76 69.23 1+ 16.34
Median (inter-quartiles) 69.7 (60.4, 79.2) 704 (61.3, 81.4) 67.5 (57.0, 76.9)
Min, max 44.1, 135.0 50.0, 130.0 44.1, 135.0
BMI at baseline (kg/m?) 0.1474
N 142 83 59
Mean + SD 27.27 +5.58 27.76 £5.65 26.58 +£5.44
Min, max 16.5, 48.4 16.5, 45.5 18.8, 48.4
Hemoglobin at baseline (g/L) 0.8198
N 142 83 59
Mean + SD 131.92+11.48 132.01 £11.32 131.78£11.80
WBC at baseline (x 10%/L) 0.3244
N 142 83 59
Mean +SD 6.80 =231 6.99 +£2.63 6.52+ 1.75
Min, max 27,233 3.0,233 2.7, 10.0
Disease stage at baseline 0.0210
Stage | I (0.70%) 0 (0.00%) I (1.69%)
Stage 2 53 (37.32%) 27 (32.53%) 26 (44.07%)
Stage 3 55 (38.73%) 30 (36.14%) 25 (42.37%)
Missing 33 (23.24%) 26 (31.33%) 7 (11.86%)
Chemotherapy regimens® 0.7757
AC-PACL® 55 (38.73%) 34 (40.96%) 21 (35.59%)
FEC-D 60 (42.25%) 32 (38.55%) 28 (47.46%)
DOCETAXCYCLO 24 (16.90%) 15 (18.07%) 9 (15.25%)
TCH 3 (2.11%) 2 (2.41%) I (1.69%)

DCIS = ductal carcinoma in situ; IDC = invasive ductal carcinoma; ILC = invasive lobular carcinoma; WBC = white blood cells; BMI = body mass

index.

*Wilcoxon rank-sum nonparametric test for continuous variables, or Fisher exact test was applied for categorical variables as appropriate. p<0.05 was

considered statistically significant.
PDescriptions of abbreviations found in Online Appendix 1.
‘Dose dense AC- PACL.

and the risk difference (RD) was 3.4% (95% CI: -2.4
to 9.2%), demonstrating non-inferiority of the biosimi-
lar compared to the originator. Mean duration of hos-
pitalization was also similar at 7.5+ 0.71 days and 8 &+
1.41 days for Neulasta® and Lapelga® patients, respec-
tively (p=0.74) (Table 3).

All-cycle analysis FN events

The occurrence of FN was also analyzed on a cycle per
cycle basis. The combined cycle and patient values can
be found in Table 4 and specific cycle values can be
found in Online Appendix 2. In the whole cycle
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Table 3. First cycle outcomes.

Patients included in the first cycle analysis

Number of patients Total (N=174)
Febrile neutropenia (FN)
No 168  (96.55%)
Yes 6 (3.45%)
FN associated hospitalization duration (days)
N 6
Mean + SD 783 £ 1.17
Min, Max 6.0, 9.0
Side effect: any pain
No 141 (81.03%)
Yes 33 (18.97%)

Lapelga® Neulasta®  p-value RD (%) 95% Cl
(N=74) (N=100)

0.2529 3.4l (—2.43, 9.24)
70 (94.59%) 98 (98.00%)
4 (541%) 2 (2.00%)

0.7370 NJ/A N/A
4 2
800+ 141 7504071
6.0, 9.0 7.0, 8.0

0.9892 —0.08 (—0.I1,0.12)
60 (81.08%) 81 (81.00%)
14 (18.92%) 19 (19.00%)

Note: The independent variable in all models was the binary treatment group: Lapelga® vs. Neulasta®. P-value, risk difference (RD) and 95% confidence
intervals (Cl) were estimated between Lapelga® and Neulasta® treatment groups, except for FN associated Hospitalization Duration. P-value < 0.05

was considered statistically significant.

cohort, first cycle FN rates from those in the full cycle
analysis were 2/83 (2.4%) and 3/59 (5.1%) for
Neulasta® and Lapelga®, respectively (Online
Appendix 2). As the exclusion criteria were stricter
than the first cycle analysis cohort, the FN rate differs
when compared to the above results. FN was compared
at each cycle and all FN events occurred in the first half
of the cycles, with 2/3 (66%) and 3/4 (75%) of FN
events occurring in the first cycle for Neulasta® and
Lapelga®, respectively. One Lapelga® patient experi-
enced an FN event in cycle 2 (1.9%) and one
Neulasta® patient experienced an FN event in cycle 3
(1.3%). Overall, 3/515 (0.6%, 95% CI: 0.1-1.7%) of the
Neulasta® cycles and 4/322 (1.2%, 95% CI: 0.3-3.2%)
of Lapelga® cycles were associated with an FN event.
Furthermore, as one patient in the Lapelga® cohort
experienced two FN events; 3/83 (3.6%, 95% CI: 0.8—
10.2%) Neulasta® patients and 3/59 (5.1%, 95% CI:
1.1-14.2%) Lapelga® patients experienced at least one
FN event. The difference between Neulasta® and
Lapelga® FN incidence was not statistically significant
(RD=0.6%; 95% CI: —1.0 to 2.1) after adjusting for
chemotherapy cycles. Mean duration of hospitalization
was also similar (7.5 0.71 days vs. 7.7+1.5 days for
Neulasta® and Lapelga® patients, respectively p=0.99).

Dose delays and dose reductions

In the Neulasta® cohort, 34% of patients experienced at
least one cycle with a dose reduction, compared to 27%
of patients in the Lapelga® cohort. Proportions of DD
and DR of the combined cycle and patient values are
reported in Table 4 and specific cycle values are reported
in Online Appendix 2. When analyzed per cycle (Table
4), 76 (15%) cycles with Neulasta® administration were
associated with’ a chemotherapy DR vs 33 (10%) in the
Lapelga® cohort (p=0.072). The mean dose reduction

was calculated from the baseline dosage and was
21.2%+11.4 and 18% +5.5 for Neulasta® and
Lapelga®, respectively (p=0.254). In the Neulasta®
cohort, 19 (23%) patients experienced at least one
delayed cycle compared to 11 (19%) patients in the
Lapelga® cohort (p=0.677). When analyzed based on
total cycles (Table 4), 20 (4%) Neulasta® cycles were
associated with a DD versus 11 (3.5%) in the Lapelga®
cohort (p=0.851). The average duration of a DD in
Neulasta® cohort was 10.9 days (range: 6-60) and 11.0
days (range 6-35) in the Lapelga® cohort (p=0.613).
After adjusting for all chemotherapy cycles, RD between
two groups (Lapelga® vs. Neulasta®) was —3.6% (95%
CI: —10.2% to 2.9%) for chemotherapy DR, and —0.3%
(95% CI: =2.7% to 2.0%) for DD (Table 5).

Safety analysis: Reported pain

The occurrence of patient-reported bone, joint and/or
muscle pain were reviewed, but due to the ambiguity of
many pain descriptions, these indicators were grouped
into overall pain. In the first cycle only (Table 3), 14/74
(19%) Lapelga® patients and 19/100 (19%) of Neulasta®
patients experienced pain. The RD was not statistically
significant (RD -0.08%; 95%CI; —0.11, 0.12). The preva-
lence of pain was also reported on a per-cycle basis in
Online Appendix 2. In the full cycle analysis, in the
Neulasta® cohort, 43 (52%) patients experienced at least
one pain event compared to 35 (59%) of patients in the
Lapelga® cohort. When analyzed with regards to the total
cycles received, 83/515 (16%) cycles with Neulasta®
administration was associated with pain vs 60/322
(19%) in the Lapelga® cohort (RD=2.4%, 95% CI:
=5.0 to 9.7, p=0.53) after adjusting for chemotherapy
cycles (Tables 4 and 5). Pain was comparable between
the two groups as well (19.0% vs 18.9%, for Neulasta®
and Lapelga®, respectively; RD =-0.1%, p=0.99).
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Table 4. Whole cycle outcomes.

Number of patients Total Neulasta® Lapelga® p-value®

Combined ALL cycles N =837 N=5I15 N =322

Febrile neutropenia (FN) 0.4384
No 830 (99.16%) 512 (99.42%) 318 (98.76%)
Yes 7 (0.84%) 3 (0.58%) 4 (1.24%)

FN associated hospitalization duration (days) 0.5784
N 7 3 4
Mean + SD 76+1.0 73+06 78+13
Min, max 6,9 7,8 6,9

Side effect: any pain 0.3471
No 694 (82.92%) 432 (83.88%) 262 (81.37%)
Yes 143 (17.08%) 83 (16.12%) 60 (18.63%)

Dose delayed 0.8514
No 806 (96.30%) 495 (96.12%) 311 (96.58%)
Yes 31 (3.70%) 20 (3.88%) Il (3.42%)

No. of days of dose delayed 0.6132
N 31 20 I
Mean +SD 10.9+£10.8 10.90+12.13 11.00£8.52
Min, max 6, 60 6.0, 60.0 6.0, 35.0

Dose reduction 0.0724
No 728 (86.98%) 439 (85.24%) 289 (89.75%)
Yes 109 (13.02%) 76 (14.76%) 33 (10.25%)

%. of dose reduction 0.2537
N 109 76 33
Mean + SD 20.26 +10.08 21.24+ 1141 18.00 £ 5.49
Min, max 6.0, 74.6 6.3,74.6 6.0, 28.1

Patients from ALL cycles N =142 N =83 N=59

Febrile neutropenia (FN) 0.6927
No 136 (95.77%) 80 (96.39%) 56 (94.92%)
Yes 6 (4.23%) 3 (3.61%) 3 (5.08%)

FN associated hospitalization duration (days) 0.8222
N 6 3 3
Mean + SD 88+4.1 73+£06 10.3+5.9
Min, max 6,17 7,8 6,17

Side effect: any pain 0.3971
No 64 (45.07%) 40 (48.19%) 24 (40.68%)
Yes 78 (54.93%) 43 (51.81%) 35 (59.32%)

Dose delayed 0.6772
No 112 (78.87%) 64 (77.11%) 48 (81.36%)
Yes 30 (21.13%) 19 (22.89%) Il (18.64%)

Total no. of days of dose delayed 0.8358
N 30 19 I
Mean +SD 11.3£11.0 11.47 £12.42 11.00£8.52
Min, max 6.0, 60.0 6.0, 60.0 6.0, 35.0

Dose reduction 0.4635
No 98 (69.01%) 55 (66.27%) 43 (72.88%)
Yes 44 (30.99%) 28 (33.73%) 16 (27.12%)

Max %. of dose reduction 0.5258
N 44 28 16
Mean £ SD 21.82+ 11.61 23.30+13.86 19.24 £ 541
Min, Max 10.0, 74.6 10.0, 74.6 10.4, 28.1

*Wilcoxon rank-sum nonparametric test for continuous variables, or Fisher exact test was applied for categorical variables as appropriate. p<0.05 was

considered statistically significant.

Cost minimization

Direct costs of the drugs were compared between
Lapelga® and Neulasta®. Direct and indirect costs con-
cerning FN management were not incorporated into

the model given the lack of statistically significant dif-
ference in this cohort with respect to these rates, DR,
DD, and toxicities that could impact quality of life.
In the base case, the incremental cost savings of using
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Table 5. Comparing each of endpoints between Lapelga® and Neulasta’ in total analysis, after adjusting for chemotherapy cycles.

Patients included in the whole cycle analysis

Endpoints p-value® RD 95% Cl

FN (Yes vs. no) 0.4751 0.56 (—0.98, 2.09)
FN associated hospitalization duration (days) 0.9935 N/A N/A

Any pain (yes vs. no) 0.5291 2.36 (—4.99, 9.72)
Dose delayed (yes vs. no) 0.7901 —0.32 (—2.68, 2.04)
Number of days of dose delayed 0.8818 N/A N/A

Dose reductions (yes vs. no) 0.2756 —3.63 (—10.15, 2.90)
% of dose reductions 0.1376 N/A N/A

FN= Febrile Neutropenia; RD=risk difference between Lapelga® and Neulasta®; Cl=confidence interval.
?P-value was obtained by GEE model for this longitudinal data in the whole cycles’ analysis, after adjusting for chemotherapy cycles.

Base cost

of lapelga
$1,424.63

Basecost of
neulasta Discount 0%

$2,504.97 0%
20%
25%

30%

35%

15%

20% 25% 30%

. . . ® ® . . .
Figure 2. Incremental cost savings per-patient of Lapelga versus Neulasta per cycle of chemotherapy in adjuvant or neoadjuvant

setting for early or locally advanced breast cancer.

Lapelga® was $1,080.34 per cycle per patient. In the
sensitivity analysis, Neulasta® was favored over
Lapelga® if there was a discount in Neulasta® price
by at least 56.87% from base case (Figure 2). In a
cohort of 20,000 patients using base case price this
would translate into an incremental savings of
$21,606,800 for each cycle in favour of Lapelga® if
there was 100% adoption of biosimilar Lapelga® over
Neulasta® (Figure 3).

Matched analysis

A one-to-one matched sensitivity analysis was complet-
ed on all data reported above. The demographics of the
matched sensitivity analysis can be found in Online
Appendix 3.1 and the results of this matched analysis
can be found in Online Appendix 3.2. No statistically
significant differences were found, and the matched
analysis outcomes did not alter the study results.

Discussion

In this real-world clinical setting study, the non-
inferiority of the biosimilar pegfilgrastim to the

$48,000,000.00

$43,000,000.00

$38,000,000.00

Cost per cycle for cohort (SCDN)

$33,000,000.00

$28,000,000.00
100% 90% 80% 70% 60% 50% 40% 30% 20% 10% 0%

Proportion of cohort using biosimilar (Lapelga)

Figure 3. Cost of GCSF (Lapelga® or Neulasta®) for single
chemotherapy cycle in cohort (N=20,000 patients).

reference product was demonstrated based on the
occurrence of FN in cycle 1. This single-institution,
retrospective chart review provided a head-to-head
analysis showing clinical comparability of the biosimi-
lar using FN rates, in addition to the duration of hos-
pitalization and chemotherapy DD and DR. These
results add to the breadth of research investigating
the efficacy and safety of biosimilar growth factors
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using observational data obtained outside the context
of randomized controlled trials. This study’s findings
will further strengthen the existing evidence in relation
to real-world clinical reports on biosimilar pegfilgras-
tim and can aid in improving physician confidence in
its continued adoption.

The analytical approach of this study was two-part;
first-cycle and all-cycle analyses were conducted, where
the former was used as the primary endpoint given that
the first cycle has been associated with the highest risk
for FN.?"?° Jurczak et al. reported FN outcomes in
1,006 lung, breast, ovarian, Hodgkin’s lymphoma and
Non-Hodgkin’s lymphoma patients, where 50% of all
FN events occurred in the first cycle.?” In predicting an
elevated risk of FN during first cycle treatment, rates
are consistently higher during the first 10-20 days after
chemotherapy initiation.”® The overall combined FN
rate was 3.5% for first cycle analysis and 0.84% for
any cycle; therefore, 85% of all FN events in the com-
bined study analysis occurred in cycle 1.

Primary prophylaxis with G-CSF in patients receiv-
ing systemic chemotherapy has been associated with
improved dose intensity and risk reductions in all-
cause mortality as well as infection-related mortali-
ty.3*3! The secondary objectives of this study were,
therefore, indicative of the more common consequen-
ces of neutropenia that compromise the efficacy of che-
motherapy delivered given the association between
reductions in relative dose intensity and overall survival
outcomes. The percentage of patients that experienced
a DR was not statistically significantly different
between the two cohorts. In evaluating chemotherapy
DD and DR and their impact on cancer cure rates,
Denduluri et al. 2018 reported no significant associa-
tion between DD and overall survival, while DR had a
more profound impact in breast cancer patients (HR
=1.24; 95% CI: 1.03-1.48; p =0.020).> Similarly, a
2019 Canadian based study by Veitch et al. consisting
of 1,302 breast cancer patients showed those receiving
>85% of the prescribed dose had superior overall sur-
vival (OS) at 5 years.>

For over two decades, G-CSFs have been the main-
stay of the treatment and prevention of chemotherapy-
induced neutropenia complications, however, the high
cost of G-CSF agents may limit access for some
patients.'> With the current evidence that both pegfil-
grastim agents were equally efficacious and with a sim-
ilar safety profile, cost minimization analysis was
justified to determine the cost-savings benefit of
Lapelga®. The incremental cost savings of using
Lapelga® as an alternative to branded pegfilgrastim
was $1080.34 per-patient drug costs each cycle. A vari-
ety of interrelated factors influence the development,
uptake, and cost-savings for biosimilar use, with
lower price helping address escalating healthcare costs

in oncology. Increasing the rate of adoption would
result in large cost savings, as the results of this study
report an incremental savings of $21,606,800 for each
cycle in favour of Lapelga® if there was 100% adoption
of biosimilar Lapelga® over Neulasta® in 20,000
patients. To add to this point, a study by Mansell
et al. retrospectively analyzed Canadian drug purchases
of three biosimilars and their reference biologics
between 2016 and 2018. This study reported varying
purchasing ranges of biosimilars between 0.1% and
81.6% and found that in two years, if biosimilars
were used 100%, there would be $1.05 billion of sav-
ings across the country, with $349 million of savings
coming from Ontario.* Thus, the pegfilgrastim biosi-
milar can help reduce health care expenditure.

Moreover, a future consideration regarding biosimi-
lars includes the perception of physicians and patients
toward biosimilars. A recent systematic review evaluat-
ed 23 studies, which reported clear inconsistencies and
existing gaps in physician knowledge plus concerns in
comfort level with biosimilars.** Studies evaluating
patient health literacy have also found low awareness
of biosimilars in general.*® Targeted education on these
agents could help increase comfort and knowledge to
help improve adoption rates.

Although RCTs are highly regarded for assessments
of safety and efficacy, strict eligibility criteria and the
overall nature of being on a study versus community-
based practise has been observed to decrease the prev-
alence of FN.%¢ Thus, real-world studies are of benefit
to areas of literature regarding FN rates and G-CSF
prophylaxis. Based on reported differences often aris-
ing between the controlled trial setting and actual clin-
ical practice, the analysis of real-world data with
respect to G-CSF prophylaxis continues to play a
role in understanding the impact of FN as well as dif-
ferent patient, disease, and treatment-related risk fac-
tors on its severity.

Some strengths of this study include the nature of
observational studies’ ability to account for potential
underrepresentation of older patient groups and
patients with comorbidities not typical enrolled in clin-
ical trials. Patient characteristics were consistent
between groups and a matched sensitivity analysis
was applied to further evaluate the potential impact
of patient and treatment-related factors on FN out-
comes, which did not change the overall conclusion
of the study. A retrospective review provides important
insights into actual clinical practice use of biosimilar
pegfilgrastim. However, due to reliance upon electronic
health records, if the outcome was not recorded, it was
assumed that it did not occur. One example being DR
and DD, as the reasons for their occurrence were not
always explicitly recorded and could be due to reasons
unrelated to neutropenia. DD and DR being unrelated
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to neutropenia could potentially pose as confounders.
However, since this is true for both cohorts, this out-
come remains clinically relevant in investigating the
efficacy of supportive care. There were also limitations
in the determination of pain as there was no quantita-
tive value to distinguish the degree or duration of pain
experienced, as well as the improvement or worsening
of pain throughout cycle progression. This study con-
sisted of breast cancer patients undergoing neoadju-
vant or adjuvant intent only, thus, the generalizability
of results is limited to this patient population.
Additionally, the results showed a significant difference
in demographics with respect to disease stage.
Although this may be explained by the higher
number of missing data in Neulasta® vs Lapelga® sam-
ples, analyzing a homogenous patient cohort is recom-
mended to enhance the clinical comparability exercise
for biosimilars, ideally with all patients of similar dis-
ease stage receiving the same chemotherapy regimen.

Conclusion

The findings of this retrospective real-world clinical
study in breast cancer patients demonstrated non-
inferiority of biosimilar pegfilgrastim and reference
product concerning FN incidence in the first cycle.
These findings support previously documented litera-
ture regarding the safety and efficacy of biosimilars.
In cost minimization analysis, the incremental cost sav-
ings of Lapelga® over Neulasta® was $1080.34 per
cycle and further highlights the benefits to health
system budgets associated with increasing the adoption
of this biosimilar. With clinically comparable safety
and efficacy, biosimilar pegfilgrastim could increase
patient access to supportive care while decreasing
health-related costs. Further studies comparing the
two products in different patient subpopulations
would extend future findings. As more biosimilar
agents enter the market, continuing research is
needed to assess the drug uptake, clinical outcomes,
and the extent of realized cost savings.
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