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Abstract

Several biosimilar versions of enoxaparin are already approved and in use globally. Analytical characterization can establish good
quality control in manufacturing, but they may not assure similarity in clinical outcomes between biosimilar and branded enoxaparin.
This study evaluated the efficacy and safety of biosimilar Cristalia versus branded Sanofi enoxaparin in venous thromboembolism
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(VTE) prevention in patients undergoing major abdominal surgery at risk for VTE. In this randomized, prospective single-blind study,
we compared Cristalia enoxaparin (Ce), a biosimilar version, versus branded Sanofi enoxaparin (Se; at a dose of 40 mg sub-
cutaneously per day postoperatively from 7 to 10 days) in 243 patients submitted to major abdominal surgery at risk for VTE for VTE
prevention. The primary efficacy outcome was occurrence of VTE or death related to VTE. The principal safety outcomes were a
combination of major bleeding and clinically relevant non-major bleeding. Bilateral duplex scanning of the legs was performed from
days 10 to 14, and follow-ups were performed up to 60 days after surgery. The incidence of VTE was 4.9% in the Cristalia group and
I.1% in the Sanofi group (absolute risk difference = 3.80%, 95% confidence interval [CI]: —1.4%-9.0%) yielding noninferiority since
the 95% Cl does not reach the prespecified value A = 20%. Clinically significant bleeding occurredin 9.9% in the Cristélia groupandin
5.5% in the Sanofi group (n.s.). In conclusion, this study suggests that 40 mg once daily of Ce, a biosimilar enoxaparin, is as effective
and safe as the branded Sanofi enoxaparin in the prophylaxis of VTE in patients submitted to major abdominal surgery at risk for VTE.
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Introduction

Patients undergoing general surgery are at substantial risk of post-
operative venous thromboembolism (VTE)."? It is known that
abdominal surgery leads to a hypercoagulable state and an asso-
ciated increased risk of deep vein thrombosis (DVT).> The acti-
vation of the coagulation system persists for at least 14 days, and
data suggest that the incidence of postoperative DVT to be as high
as 25%* and an incidence of pulmonary embolism (PE) ranging
from 0.13% to 0.63% in 4 to 6 weeks after general surgery.’
Low-molecular-weight heparins (LMWHs) are grade 1A
recommendations for VTE prophylaxis in patients undergoing
major abdominal surgery at risk for VTE.? The currently avail-
able brand-name LMWHs include dalteparin (Pfizer), enoxa-
parin (Sanofi), and nadroparin (Aspen Pharma). Other products
available in Europe include certoparin (Novartis), reviparin
(Abbott), and parnaparin (Alpha-Wasserman). Each of these
LMWHs has a characteristic molecular weight profile and bio-
logical activity in terms of anti-FXa and anti-FIla potency and
clinical effect.® It is now widely accepted that individual
LMWHs are chemically unique agents and cannot be inter-
changed therapeutically. Each commercial LMWH has been
individually developed for specific clinical indications, which
are dose and product dependent. Recently, several generic
LMWHs have become available worldwide, and companies
have filed for regulatory approval of generic versions of enox-
aparin, very few with pharmacodynamics (PD) data, based on
compound biochemical characteristics, particularly anti-Xa
and anti-Ila activity in healthy volunteers.” As the primary aim
of a generic drug is to reduce costs without compromising
patient care, a biosimilar drug is required to be chemically and
biologically equivalent to the pioneer drug.® Biosimilar enox-
aparins were previously tested in animal models to determine
safety, efficacy, and PDs parameters.” They were also tested
for their comparative immunogenicity profile'® as well as in the
prevention of VTE in major abdominal surgeries.'' Cristalia
enoxaparin was extensively characterized in comparison to
Sanofi enoxaparin (physical, chemical, and biological charac-
terizations). A phase I study was also conducted (a comparative

study to evaluate PDs of anti-Xa and anti-Ila biomarkers)
demonstrating no significant differences.'? In order to assure
that the biosimilar LMWHs are clinically equivalent to branded
LMWHs in humans, a randomized clinical trial comparing
these 2 therapies as prophylaxis for VTE following major
abdominal surgery in patients at risk for VTE was carried out.
We have utilized a previously validated model of a clinical
parallel prospective comparison of the branded versus biosimi-
lar enoxaparin in the surgical VTE prevention setting.''

Patients and Methods
Patient Population

The study was conducted in 8 different sites in Brazil (Online
Supplemental). The ethics committees of all sites involved in this
research approved the study protocol. All patients signed a written
informed consent before entry to the study, which was conducted
according to the guidelines for good clinical practice (GCP).

Inclusion and exclusion criteria are described in Table 1. To
identify patients undergoing major abdominal surgery with
formal indication of chemoprophylaxis for VTE, a Caprini
score >5 was considered according to the eighth American
College of Chest Physicians (ACCP) guidelines.?

Randomization

Randomization was done on a 1:1 basis, with the first patient
randomly assigned one of the study drugs. The randomization
sequence was created using SAS statistical software version 9.4
and was stratified by center with a 1:1 allocation using random
block sizes of 4.

End Points

The primary efficacy outcome was occurrence of VTE or death
related to VTE. The primary safety outcomes were a combination
of major bleeding (MB) and clinically relevant nonmajor bleed-
ing (CRNMB) according to International Society of Thrombosis
and Hemostasis (ISTH) definitions. Adjudication of VTE events,
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Table I. Inclusion and Exclusion Criteria.

Inclusion criteria

I. Age >18 years.

2. Both genders and patients undergoing major abdominal surgery with formal indication of prophylaxis for venous thromboembolism
(Caprini score >5) according to the eighth American College of Chest Physicians guidelines.’

Exclusion criteria

|. Surgeries performed by minimally invasive techniques.
2. Clinical evidence of VTE in screening and visit |

4. History or suspicion of acquired or hereditary coagulopathy.

(O,

. Active bleeding that may be aggravated by enoxaparin.

— O V0V 0 N o

clinical hypertensive urgency in the last 3 months.
12. Bacterial endocarditis active for less than | year.
I3. Prosthetic heart valves.

I5. Hepatic insufficiency.

16. Disturbances of consciousness and coma.

I7. Life expectancy less than 6 months.

I8. Chemical dependency (alcohol or illicit drugs).

19. Physical state ASA IV.

20. ASA Il physical status at the discretion of the investigator.
21. Morbid obesity with BMI >40.

22. Chronic use of systemic corticosteroids.

contraceptive methods for participation in this study.

AST greater than 2.5 times ULN.

28. Patients with previous history of deep vein thrombosis.

3. Participants who underwent chronic anticoagulant treatment (>3 months) with LMWH, UFH, or oral anticoagulant or who required the
use of LMWH or UFH up to 2 days before surgery or oral anticoagulant up to 5 days before surgery.

. History of hypersensitivity to UFH or LMWH, including but not limited to heparin-induced thrombocytopenia, heparin-associated
thrombocytopenia, and heparin-induced thrombotic thrombocytopenia syndrome.

. History of intracranial hemorrhage at any time or recent ischemic stroke (within the last 6 months).

. Arteriovenous malformation or suspected or known cerebral aneurysm.

. Spinal or epidural analgesia or lumbar puncture in the 24 hours prior to the first enoxaparin administration provided for in this protocol.
. Erosive diseases of the digestive tract, especially gastroduodenal ulcers active in the last 30 days.

. Uncontrolled arterial hypertension (systolic blood pressure >180 mm Hg or diastolic >110 mm Hg) at randomization or history of

14. Severe renal impairment characterized by creatinine clearance <30 mL/min.

23. A history of severe allergic reaction, systemic anaphylaxis, major urticarial, or Stevens-Johnson disease.
24. Participation in another clinical study in the |2 months prior to enrollment.
25. Potentially fertile woman without negative B-HCG harvested up to 48 hours prior to surgery or who are not using acceptable

26. Participants presenting on screening tests: hemoglobin <10 g/dL; platelet count <100 000/mL; International Standard Index >1.4; ALT or

27. Any condition which, in the opinion of the investigator, could lead to an increased risk to the participant or render it inappropriate for this study.

Abbreviations: ALT, alanine aminotransferase; ASA, acetylsalicylic acid; AST, aspartate aminotransferase; 3-HCG, beta human chorionic gonadotropin; BMI,
body mass index; LMWH, low-molecular weight heparin; UFH, unfractionated heparin; ULN, Upper Limit of Normal; VTE, venous thromboembolism.

death, and safety outcomes was performed by a central indepen-
dent and blinded committee of experts.

Sample size calculation/statistical analysis. To verify the noninfer-
iority of enoxaparin Cristalia with a significance of 2.5%,
power of 80%, and noninferiority margin of 20%, it would
be necessary to analyze 80 participants in each group. Pre-
dicting discontinuations, we randomized 243 participants.
The CONSORT diagram (https://swolpin.cirg.washington.
edu/CSD/.) of the study enrollment and follow-up is shown
in Figure 1.

Primary effectiveness analysis. For efficacy analysis, the incidence
by treatment group and the 95% confidence interval (CI) for the
difference in the incidence of VTE between enoxaparin
Cristalia and enoxaparin Sanofi (incidence with enoxaparin

Cristalia vs incidence with enoxaparin Sanofi between visit
1[V1] and visit 5 [V5]) were calculated. If the upper threshold
was less than 20%, the hypothesis that enoxaparin Cristalia was
not less efficacious than enoxaparin Sanofi was accepted. The
Cochran-Mantel-Haenszel test was used to calculate this CI.
The risk factor analyses of the primary efficacy variable were
done by logistic regression using the SAS Proc NLMIXED
procedure, in order to obtain the proportion of patients with
VTE in each treatment group. The difference in proportions
between the groups (Cristalia — Sanofi) and the respective
95% CI were determined with this SAS procedure.

Safety Analyses

Safety analysis was achieved by comparing the following para-
meters in the 2 groups:
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Assessed for eligibility (n=243)

Enrollment

Excluded (n=0)

Not meeting inclusion criteria (n=0)
Refusing to participate (n=0)

Other reasons (n=0)

Randomized (n=243)

Cristalia
enoxaparin group
(n=124)

Received treatment (n=111)
Did not receive treatment (n=13)

Allocation

Lost follow-up (n=1)
Descontinued treatment (n=29)

Follow-up

Analyzed (n=111)
Excluded from analysis (n=13)

Analysis

Sanofi/Aventis
enoxaparin group
(n=119)

Received treatment (n=110)
Did not receive treatment (n=9)

Lost follow-up (n=2)
Descontinued treatment (n=15)

Analyzed (n=110)
Excluded from analysis (n=9)

Figure |I. CONSORT diagram.

e Number, classification, and intensity of bleeding events
from randomization up to 3 days after the last administration
of the drug in the 2 treatment groups (between V1 and V5);

e Incidence of bleeding events between V1 and V5;
Global incidence of adverse events attributable to the
drug between V1 and visit 6 (V6);

e Incidence of serious adverse events attributable to the
drug between V1 and V6;

e Incidence of adverse events attributable to the drug clas-
sified by type considered to be attributable to the drug,
all events with a causal relationship considered to be
certain/defined, likely or possible according to World
Health Organization - Uppsala Monitoring Centre
(WHO-UMC) classification between V1 and V6.

The difference in proportions between the groups (Cristalia
— Sanofi) and the respective 95% CI were also determined with
the SAS procedure.

Study Design

Baselines characteristics are listed in Table 2. Two hundred
forty-three consecutive patients were randomized in a 1:1 ratio
to receive either 40 mg of Se subcutaneously (SC; 4000 IU) or

Table 2. Baseline Characteristics.

Enoxaparin Enoxaparin
Cristalia Sanofi
(n=111I) (n=110) P Value
Age (years)
Mean 522 50.5 MW: 4087
Median 51.0 50.0
SD 15.4 13.0
Min-Max 22.0-80.0 19.0-75.0
Gender n (%)
Male 44 (39.6%) 42 (38.2%) CS: .8241
Female 67 (60.4%) 68 (61.8%)
Race n (%)
American Indian 4 (3.6%) 5 (4.5%) FS: 9514
Oriental 1 (0.9%) 1 (0.9%)
Black 12 (10.8%) 9 (8.2%)
Caucasian 80 (72.1%) 79 (71.8%)
Multiracial 14 (12.6%) 16 (14.5%)
BMI n (%)
<24.9 kg/m? 24 (21.6%) 29 (26.4%) CS:.0187
>25t0 <29.9kg/m?> 47 (423%) 27 (24.5%)
>30 kg/m? 40 (36.0%) 54 (49.1%)

Abbreviations: BMI, body mass index; CS, Chi-square test; FS, Fisher exact test;
MW, Mann-Whitney test; SD, standard deviation.
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Table 3. Caprini Score.

Enoxaparin Enoxaparin
Cristalia (n = 111)  Sanofi (n = 110) P Value
Total risk, n (%)
5 21 (18.92%) 23 (20.91%)
6 33 (29.73%) 32 (29.09%)
7 16 (14.41%) 16 (14.55%)
8 13 (11.71%) I'1 (10.00%)
9 13 (11.71%) 19 (17.27%)
10 8 (7.21%) 6 (5.45%)
I 5 (4.50%) 1 (0.91%)
12 1 (0.90%) 1 (0.91%)
13 0 1 (0.91%)
14 1 (0.90%) 0
Total risk
Mean 72 7.0 MW: 6627
Median 7.0 6.5
SD 1.9 1.8
Min-Max 5.0-14.0 5.0-13.0

Abbreviations: MW: Mann-Whitney test; SD, Standard deviation.

40 mg of Ce SC (4000 IU), in a single blinded manner, started
12 + 2 hours preoperatively according to the physician discre-
tion and then given once daily postoperatively from 7 to
10 days. An unblinded delegated team performed all the admin-
istration of study medication and collected patient diary at the
end of treatment period for compliance measures.

Primary efficacy and safety end points were evaluated dur-
ing all intention-to-treat (ITT) period . Compression ultrasound
(CUS) was performed on day 10 to 14 (at the end of treatment
period), or when DVT was clinically suspected, with a
12.5 MHz linear transducer, Phillips 11 or ATL-5000 or dif-
ferent devices according to the participant center standards, to
detect the presence of DVT.

The ultrasound technique used in all patients was highly
standardized as was the interpretation. Patients were examined
in the supine position with the head of the bed raised 20°. The
popliteal veins were examined with the knee slightly flexed
(10°) to avoid collapse due to overextension. Veins below the
knee were also assessed in the standing position. All vessels
were scanned in the transverse and longitudinal axes and tested
for the presence or absence of compressibility by applying direct
pressure with the transducer. Doppler waveforms were recorded
at all levels. Iliac vein patency was estimated indirectly by the
presence or absence of short flow reversal in the common
femoral vein while the patient performed a Valsalva maneuver.

The secondary end point was a composite of MB +
CRNMB. This was defined as hemorrhage associated with a
decrease in hemoglobin levels of >2 g/dL or an episode requir-
ing transfusion of >2 units of blood. Bleeding was defined as
minor if it was overt but did not meet the other criteria for MB.
Retroperitoneal, intracranial, intraocular or bleeding that war-
ranted the permanent cessation of treatment were also defined.
Wounds, hematomas, need for surgical intervention, infection,

and length of hospitalization were documented. Further end
points included the occurrence of thrombocytopenia, defined
as a platelet count below 100 000/mm® and/or a minimum
decrease of 40% compared to baseline. Allergic reactions are
also usually included in adverse reactions to drugs.

Outcome Assessment/Follow-Up

In the screening visit, participants were evaluated for eligibility
(Caprini score is depicted in Table 3), signed the informed con-
sent (IC), and performed safety examinations. At V1, the parti-
cipants were randomized to enoxaparin Cristalia or enoxaparin
Sanofi and safety examinations were assessed, and if the parti-
cipant was eligible, they would receive the first administration
12 + 2 hours before the start of surgery, followed by an appli-
cation between 6 to 8 hours after the end of surgery.

Visits 2 and 3 were performed respectively on the first and
second postoperative days. The participants received enoxa-
parin; the signs and symptoms of VTE and signs of hemorrhage
were evaluated.

Visit 4 was discharge from hospital. The participants were
evaluated clinically for signs and symptoms of VTE, received
enoxaparin, and were instructed to complete the 10 days of
home administration of the investigational medication and
recognize VTE signs.

Visit 5 occurred up to 4 days after the end of administration.
The investigator evaluated the participant and performed
duplex scan with CUS of lower limbs. All images were adju-
dicated by an independent adjudication committee.

Visit 6 occurred 60 + 4 days after randomization (visit 1).
The participants were evaluated for VTE and completed their
participation in the study. In accordance with GCP, participants
were instructed to report to their sites any serious adverse event
in the following 30 days of visit 6. At all visits, if the investi-
gator considered necessary, the participants would perform
CUS of lower limbs, helicoidal contrasted tomography of
chest, or pulmonary scintigraphy.

Results

The groups were very homogeneous regarding demographics,
gender, age race, weight, and height. There were no statistically
significant differences between the groups compared to the
median values of weight, height, and body mass index (BMI;
P = 5664, P = 0.6574 and P = 0.3751, respectively). How-
ever, considering the BMI variable grouped into different
classes, there were statistically significant differences (P =
.0187); the majority of patients in the Sanofi group were obese
(49.1%), while the majority of patients in the Cristalia group
were overweight (42.3%; Table 2).

The proportion of participants who completed the study
was similar in both treatment groups, as well as the number
of patients included in the ITT and per-protocol (PP) analyses.
Considering the ITT population, 30 of the 111 patients in the
Cristalia group were excluded because they had technically
inadequate CUS examinations or because they were
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Table 4. Primary Efficacy End Point. Table 5. Safety End Points.
Enoxaparin Enoxaparin Enoxaparin  Enoxaparin
Cristdlia (n = 111) Sanofi (n = 110) Cristalia Sanofi
(n=111I) (n=110) P Value
VTE incidence, n (%)
DVT 0 0 Bleeding, n (%) 11 (9.9%) 6 (55%) CS:.2139
Pulmonary embolism I (1.2%) 0 (0.0%) Bleeding, per patient
DVT + embolism 0 0 Mean 1.09 .17
Asymptomatic DVT 3(3.7%) I (1.1%) Median 1.00 1.00
Death related to VTE 0 0 SD 0.30 0.41
Global VTE incidence, n (%) Min 1.00 1.00
Had VTE 4 (4.9%) I (1.1%) Max 2.00 2.00
Had no VTE 77 (95.1%) 87 (98.9%) Intensity of bleeding episodes, n (%)
Unknown? 30 22 Not serious, but clinically 5 (45.5%) 5 (83.3%)
P Value FS: 0.1952 significant
95% Cl for VTE incidence Serious 6 (54.5%) 1 (16.7%)
Cochran-Mantel-Haenszel 3.80% (—1.4% to 9.0%) Fatal 0 0

Logistic regression 3.80% (—1.4% to 9.1%)
OR/HR and 95% ClI for incidence of bleeding episodes (enoxaparin

Cristalia versus enoxaparin Sanofi)

OR (logistic regression)

HR (Cox regression)

4519 (0.49 to 41.31)
5.578 (0.60 to 51.91)

Abbreviations: Cl, confidence interval; DVT, deep vein thrombosis; FS, Fisher
exact test; HR, hazard ratio; OR, odds ratio; VTE, venous thromboembolism.
*This category should not be considered in the incidence calculation. It refers
to patients with technically inadequate examinations and patients who discon-
tinued prior to visit 5.

discontinued before the visit. Thus, 81 patients were consid-
ered for analysis of the primary end point in this group, all with
valid CUS. In the Sanofi group, 22 of the 110 patients were
excluded because of technically inadequate CUS examinations
or because they were discontinued prior to the visit. Thus, 88
patients were considered for analysis of the primary end point
in this group, all with valid CUS. In both groups, the goal of 80
patients valid for the analysis of the primary end point of study
efficacy was reached. Regarding deviations from the protocol,
less than 2% of the events were considered as major and had an
impact on the definition of the PP group. With these data, both
groups had an excellent adhesion rate to the study treatment.
The median number of syringes used was 10 in both groups
and the rate of therapeutic adherence was greater than 90%
(91.0% in the Cristalia group and 99.1% in the Sanofi group).
It is assumed that patients were adequately exposed to both the
investigational product and the active comparator and with
adequate quality control regarding the follow-up of the pro-
posed protocol. Enrollment is depicted in the CONSORT dia-
gram (Figure 1).

No statistically significant differences between the 2 groups
were detected in any of the measured outcomes: the incidence
of VTE was 4.9% (4 out of 80 evaluable CUS, including 1 PE)
in the Cristalia group and 1.1% (1 out of 88 evaluable CUS) in
the Sanofi group (absolute risk reduction = 3.80%, 95% CI:
—1.4% to 9.0%; Table 4). No MB events occurred in either
group (Table 5). The difference observed between the groups
of patients in the incidence of VTE, according to the adjudica-
tion committee, from the randomization up to 12 days after

OR and 95% CI for incidence of bleeding episodes
OR (logistic regression) 1.907 (0.68-5.35)

Abbreviations: Cl, confidence interval; CS, Chi-square test; OR, odds ratio;
SD, standard deviation.

surgery was 3.87% (95% CI: —1.5%-9.2%) in ITT and
3.87% (95% CI: —1.5%-9.2%) in PP and concluded by non-
inferiority to the Cristalia group in both populations, once the
CI does not reach the value A = 20%. Considering the inci-
dence of VTE according to the adjudication committee until
V6, the results of the difference between the groups were
3.84% (95% CL: —1.4% t0 9.1%) in ITT and 3.94% (95% CIL
—1.5% to 9.4%) in PP. As was reported for the primary anal-
ysis, noninferiority was observed for the Cristalia group in both
populations, since the CI did not reach A = 20%.

Safety Results

There were no statistically significant differences between the
2 groups regarding the incidence of adverse events, serious
adverse events, adverse events attributable to the medication,
and serious adverse events attributable to the medication.
Eleven patients in the Cristalia group recorded 12 episodes
of bleeding (MB 4+ CRNMB) and 6 patients of the Sanofi group
recorded 7 episodes of bleeding. There were no statistically
significant differences between the groups regarding the inci-
dence of bleeding (9.9% in the Cristalia group and 6.4% in the
Sanofi group P = .21). Two non-VTE-related deaths were
recorded, 1 in the Cristalia group and 1 in the Sanofi group.
During the study, adverse events were recorded in a total of
185 participants, with a similar proportion between treatment
groups presenting at least one adverse event: 83.8% in the
Cristalia group and 83.6% in the Sanofi group. In total, 594
adverse events were reported (291 in the Cristalia group and
303 in the Sanofi group). In both groups, disorders of the gas-
trointestinal system and disorders of the general state were the
most frequent adverse events. There were no statistically sig-
nificant differences between the groups in relation to the inci-
dence of adverse events. The intensity of adverse events did not
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differ between groups as well as the proportion of events attri-
butable to the study drug.

Discussion

This noninferiority, national, multicenter, randomized, single-
blind, active comparator-controlled phase III clinical study was
designed to evaluate the efficacy and safety of enoxaparin Cris-
talia in comparison to enoxaparin Sanofi for the prophylaxis of
VTE in participants undergoing general abdominal surgeries
with a high risk for the development of thromboembolic disease.

The study was adequately conducted, reaching the number of
randomized participants (n = 243) predicted in the calculation of
sample size (n = 200). To date, we have found only 1 clinical
trial in the literature evaluating biosimilar versus branded enox-
aparin, either in prophylaxis or in the treatment of VTE.

We decided to use major abdominal surgical patients,
because lower doses of enoxaparin (40 mg/d) for a short period
of time (7-10 days), according to the ACCP guidelines, are
sufficient to provide acceptable protection against VTE, with
low risk of hemorrhage. If any interim analysis during the trial
showed any major problems, particularly regarding safety, the
trial could be discontinued, avoiding patients to be exposed to
unnecessary risk.

The treatment groups were comparable in their baseline
characteristics regarding demographics, medical history, and
Caprini risk classification. These findings corroborate an ade-
quate randomization of study patients. There was a difference
in BMI, which was significantly different, with Cristalia group
having more overweighed patients. We believe these findings
have no clinical impact, given that there are no dose adjust-
ments for VTE prophylaxis in major abdominal surgeries with
enoxaparin. The recommended and studied doses were 40 mg
once daily for both compounds, regardless of the weight.

The median value of the Caprini score was approximately 7
in both treatment groups. This finding corroborates the compo-
sition of a sample of patients at high risk of developing throm-
boembolic complications and with similar intensity. In
addition, no significant differences were observed regarding
the characteristics of the surgeries performed. Similar values
of duration and type of surgery performed, as well as length of
hospital stay, were similar between the study groups.

The efficacy assessment was based on the occurrence of
VTE adjudicated by an independent committee. The absolute
risk difference was 3.80%, favorable to the Sanofi group, with a
CI varying between —1.4% and 9.0%. This result concludes
noninferiority for the Cristalia group, given the CI does not
reach the prespecified value A = 20%. It is important to note
that even for a more conservative noninferiority margin, for
example 10%, noninferiority would continue in both ITT and
PP populations, which reinforces noninferiority of the study
drug compared to the branded compound. In addition, the esti-
mate for the difference between the groups and the respective
95% CI were calculated by logistic regression analysis, con-
firming noninferiority for the Cristalia group.

Despite a high incidence of adverse events throughout the
study, it can be observed that less than 10% of the events were
related to the research product. These data reinforce the safety of
enoxaparin studied, even though the occurrence of adverse events
as well as its intensity was comparable to the control group. It is
important to emphasize that the study population consisted of
patients with severe risk and medium-to-large surgery, justifying
the occurrence of a large number of adverse events inherent to the
therapeutic interventions of the underlying diseases.

The results of the present study argue for a more detailed
appraisal, in larger, randomized controlled trials, of those new
compounds. Both the products were equally safe and well tol-
erated. Considering the comparable physicochemical and bio-
logical attributes and similar pharmacokinetic (PK) and PD
behavior to the branded Sanofi enoxaparin and based on current
knowledge, the results of the present study suggest that the
enoxaparin of Cristalia bears high potential to be considered
as a biosimilar therapeutic alternative.

Other head-to-head biochemical comparative evaluations
like thrombin-activated fibrinolytic inhibitor (TAFI), tissue
factor pathway inhibitor release (TFPI), D-dimers, anti-Xa/
anti-Ila ratios in bench research and in new clinical trials are
planned.

Limitations

Limitations included setting a noninferiority margin of 20%,
which is a generous margin for absolute numbers. However, in
this trial, no new indication for a new drug was tested, but the
efficacy and safety of a biosimilar version of an already glob-
ally approved compound, enoxaparin. Enoxaparin has many
biosimilar versions approved for clinical use, many of them
tested only on PK/PD studies or bioequivalence tests. If more
astringent margins of noninferiority were used, such as those
applied for the Food and Drug Administration for new drug
applications in cardiovascular diseases, we would need a trial
with around 12 000 participants, nonrealistic for already
mature preparations, such as enoxaparin.

Another limitation was the single-blinded design instead of
a double-blinded study. Single blinded means the investigator
was blinded to the study medications, but a designated nurse
(nonblinded) was not. This technique is used to prevent bias
of the investigator, whereas it is difficult to produce a real
blinded injection for both the study drug and the reference
enoxaparin.

Another drawback of this study was lack of evaluation of
the immunogenicity potential of those compounds. In spite of
not observing heparin—induced thrombocytopenia, an evalua-
tion of Immunoglobulin A, Immunoglobulin M, and Immu-
noglobulin G would have been of great value and should be
addressed in future. We also did not perform a cost-
effectiveness analysis which would prove that it is an inter-
esting option for a large group of hospitals and patients that
cannot afford branded LMWHs, particularly in less developed
countries.'*"!3
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Conclusions

Treatment with biosimilar enoxaparin Cristalia proved to be an
effective and safe option in the prevention of VTE in adult
participants undergoing general abdominal surgeries at high
risk for the development of thromboembolic disease. Enoxa-
parin Cristalia was as effective as branded enoxaparin and an
attractive alternative for VTE prevention in patients under-
going general abdominal surgeries at high risk for VTE.
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