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ABSTRACT
Objectives: To evaluate the benefit/risk profile of
epoetin α biosimilar with the erythropoiesis-stimulating
agents (ESAs) originators when administered to naïve
patients from clinical practice.
Design: Population-based observational cohort study.
Setting: All residents in the Lazio Region, Italy, with
chronic kidney disease (CKD) or cancer retrieved from
the Electronic Therapeutic Plan (ETP) Register for ESA
between 2012 and 2014.
Participants: Overall, 13 470 incident ESA users were
available for the analysis, 8161 in the CKD and 5309 in
the oncology setting, respectively.
Interventions: ESAs identified through the ATC
B03XA were divided into 3 groups: (1) biosimilars; (2)
epoetin α originator and (3) other originators. Patients
were exposed to ESAs from the date of activation of
the ETP, until the end of a 6-month follow-up period.
Outcome measures: Effectiveness (all-cause
mortality and blood transfusion) and safety (major
cardiovascular events, blood dyscrasia). A composite
outcome including all-cause mortality, blood
transfusion and major cardiovascular events was
predefined. HRs of any outcome were estimated
through Cox regression.
Results: We found no differences between patients on
biosimilars or all originators with regard to the risk
estimates of all-cause mortality, blood transfusion,
major cardiovascular events and blood dyscrasia in the
CKD setting. The composite outcome confirmed these
results (biosimilars vs epoetin α originators: adjusted
HR=1.02, 95% CI 0.78 to 1.33; biosimilars vs other
originators: adjusted HR=1.09, 95% CI 0.85 to 1.41).
Comparable risk estimates were observed between
biosimilars and all originators in the oncology setting.
Conclusions: In both settings, our findings are
suggestive of no difference between biosimilars and
originators on relevant effectiveness and safety
outcomes. This study may contribute to settling future
drug policy for the health services and provides
reassurance on the approval pathway for biosimilars.

The oncology setting merits further research, taking
into account tumour types, tumour stage and
anticancer chemotherapy administered.

INTRODUCTION
The erythropoiesis-stimulating agents (ESAs)
play a major role in the management of
anaemia in the nephrology and oncology set-
tings. The benefits of treatment with ESAs
are well documented, and national and inter-
national guidelines recommend them.1–6

ESAs consume a significant amount of the
healthcare budget and their high costs may
represent a barrier to wider access to ESA

Strengths and limitations of this study

▪ The Electronic Therapeutic Plan Register was set
up for the clinical purpose of ensuring a higher
appropriateness of erythropoiesis-stimulating
agents (ESAs) use as well as a very low mis-
classification of diagnosis and incident users.

▪ Many potential confounders identified through
multiple database linkage were considered to
allow high completeness of data.

▪ The robustness of risk estimates was investi-
gated through two statistical approaches, that is,
multivariate regression and genetic matching, as
well as evaluating multiple outcomes.

▪ It was not possible to control risk estimates for
confounding factors such as iron supplementa-
tion, smoking status, body mass index, socio-
economic status as well as ESAs dose/posology.

▪ Relevant information for the oncology setting
(eg, tumour type, stage, chemotherapy) was not
available and this contributed to the unmeasured
residual confounding.

Trotta F, et al. BMJ Open 2017;7:e011637. doi:10.1136/bmjopen-2016-011637 1

Open Access Research

http://dx.doi.org/10.1136/bmjopen-2016-011637
http://dx.doi.org/10.1136/bmjopen-2016-011637
http://dx.doi.org/10.1136/bmjopen-2016-011637
http://crossmark.crossref.org/dialog/?doi=10.1136/bmjopen-2016-011637&domain=pdf&date_stamp=2017-03-09
http://bmjopen.bmj.com


therapy.7 A survey on anaemia management in devel-
oped countries has shown significant gaps in achieving
recommended therapeutic targets.8 The problem might
be even worse in developing countries.
With the patents expiration for α and β epoetins in

2004, biosimilar epoetins may result in a wider access for
patients to such therapy. The first biosimilar of epoetin
α has been authorised in the European Union (EU)
since 2007.9 A specific approval pathway exists in the EU
for biosimilars aiming at demonstrating similarity to the
originator in terms of quality characteristics, biological
activity, safety and efficacy based on a comprehensive
comparability exercise.10 However, the acceptance of
biosimilars in the medical community continues to be
limited despite they represent a key element for the sus-
tainability of the National Health Service (NHS).11 12

Italian usage data demonstrate that in 2014 biosimilars
represented 21.1% of the consumption (as defined daily
doses (DDD)/1000 inhabitants die) of the entire
ESAs.13 The extent of the ESAs biosimilar use deeply
varies among Italian regions, where different policies
have been implemented.14

The main barriers for the biosimilar diffusion are the
lack of comparative effectiveness and safety data between
different ESAs (including both originators and biosimi-
lars) when used in current clinical practice for the treat-
ment of chemotherapy-induced anaemia or chronic
kidney disease (CKD) as well as the lack of clinical effi-
cacy data of switching strategies.
A network meta-analysis of randomised controlled trial

(RCT) data published in 2014 comparing the efficacy
and safety of ESAs (all originators and biosimilars were
included) in adult patients with CKD gave inconclusive
results due to the poor quality of the available evidence,
thus highlighting the need for direct comparative
studies.15

In the oncology setting, the hesitancy of clinicians to
prescribe biosimilar ESAs is even stronger since the
regulatory approval has been made via data extrapola-
tion. There is concern on the extrapolation of the
results obtained in renal anaemia to other therapeutic
indications of the reference product.16 However, the
accumulating evidence from current practice on biosimi-
lar ESA usage in oncology is reassuring, although based
on small studies.17–19

A further debated issue on ESA biosimilars concerns
the switching strategies from originator to biosimilar in
real practice. A recent study suggests that switching is
not associated with a change in outcomes.20 Moreover, a
usage study conducted in Italy demonstrated that 17%
of patients switched between different ESAs over a 1-year
treatment period, and interestingly the phenomenon
was largest towards originators than biosimilars.14

Finally, it should be acknowledged that safety concerns
reported in the European risk management plans of
ESAs included thromboembolic events, pure red cell
aplasia as well as tumour growth potential which also
merit evaluation in the general population.9 21

It appears clear that the relative effectiveness and safety
of ESAs used in current clinical practice is an open clinical
question to be investigated through a large, aetiological
study using hard end points. Real-world experience is thus
useful either in the case of naïve patients.

OBJECTIVES
The primary objective was to evaluate the comparative
effectiveness and safety of biosimilars and originators of
ESAs in naïve patients. The secondary objective was to
investigate factors influencing the probability of receiv-
ing an ESA biosimilar or an originator (ie, the determi-
nants of use).

Study design and source of data
An observational, record-linkage cohort study was
carried out in a large Italian region (Lazio), where the
resident population counts around six million
inhabitants.
The study cohort was enrolled using the Electronic

Therapeutic Plan Register (ETPR) which collects informa-
tion on ESA prescriptions reimbursed and dispensed by
the regional health service. This register has to be filled in
by specialists for each single patient treated with ESA.
The ETPR collects information on: patient’s demo-

graphic characteristics (age, sex), clinical data (diagno-
sis, setting and indication for ESA use, haemoglobin
(Hb) level at baseline, use of special nutrition for CKD),
ESAs information (drug trade name, number of dis-
pensed packages) and therapy regimen (date of activa-
tion of the ETP and duration of the ETP in months).
The ETPR also includes a section where specialists
should declare whether it is a first prescription of ESA
for each patient.
Patients in the ETPR can be linked individually and

anonymously to regional health information systems:
Health Care Assistance File (HCAF), Mortality
Information System (MIS), Hospital Information
System (HIS).
The HCAF contains demographic and residence infor-

mation at a specific date, life status and date of death,
referring to all residents registered in the regional
health service.
The MIS includes the date, the place and the cause of

death (according to the International Classification of
Diseases, ninth revision (ICD-9) for all patients resident
in the Lazio Region.
The HIS collects information on all hospital dis-

charges registered in a regional hospital, in particular:
dates of admission and discharge, diagnoses and proce-
dures according to the ICD-9, Clinical Modifications
(both as primary and secondary). Data from day hos-
pital/day surgery were included and considered as
hospitalisation.
For HCAF and HIS, the routinely collected data are

available monthly, while the data registered in the other
information systems are accessible yearly.
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Population
We selected from ETPR all ESA prescriptions registered
from 1 January 2012 to 31 December 2014. We restricted
the cohort to incident ESAs users (ie, a proxy of naïve
patients) defined as those participants who start for the
first time an ETP for ESA in the study period (informa-
tion declared by the specialist). Only patients in CKD
and oncology settings were included. Patients who
change ESA products within the same ETP or with two
different ETPs active in the same period were excluded.

Exposure to study drugs
The study drugs concern all ESAs available in the region
during the study period identified through the ATC
B03XA. In particular, we considered the following sub-
stances: (1) epoetin α (Eprex; Abseamed, Binocrit); (2)
epoetin zeta (Retacrit); (3) epoetin β (Neorecormon);
(4) epoetin theta (Eporatio); (5) darbepoetin α
(Aranesp); (6) methoxypolyethyleneglycol-epoetin β
(Mircera).We defined as biosimilars Abseamed, Binocrit
and Retacrit having demonstrated biosimilarity versus
Eprex, while the others were originators.
For each setting (ie, CKD and oncology), biosimilars

were compared, both with the originator of epoetin α
(Eprex) or other originators (Neorecormon, Eporatio,
Aranesp, Mircera). We used the DDD to determine
mean ESA consumption (DDD of each ETP were calcu-
lated from the number of packages of ESA products dis-
pensed over the ETP duration).
We considered patients exposed to ESAs from the date

of activation of the ETP, corresponding to the dispensa-
tion of the ESA medicinal product (ie, the index date),
until the end of the follow-up period, without consider-
ing interruption or change of the treatment (intention-
to-treat approach).

Outcomes
The outcomes considered, retrieved from health informa-
tion systems, were the following: (1) all-cause mortality;
(2) need for blood transfusion; (3) major cardiovascular
events (MACE), defined as acute myocardial infarction
(AMI) or stroke or thrombosis, whichever came first; (4)
blood dyscrasia (haemolytic anaemia or aplastic anaemia
or ‘other and unspecified anaemia’, whichever came
first); and (5) hypersensitivity reactions. The use of a com-
prehensive composite outcome (all-cause mortality or
AMI or stroke or thrombosis or blood transfusion, which-
ever came first) was preplanned. Online supplementary
table S1 gives details about outcome definitions.

Follow-up
All patients were followed up from the index date until
death, effectiveness or safety event or end of the
6 months from the index date, whichever came first.

Potential confounders
We took five main categories of potential confounders
into account: demographic characteristics of the

participants, baseline Hb levels (<8; 8 to <10; 10 to <11;
≥11), history of selected comorbidities retrieved from
HIS in the 2 years before the index date and presence
of diabetes detected according to a previously estab-
lished method,22 healthcare use (defined as number of
previous hospitalisations) and ESAs therapy regimen.
Online supplementary table S2 gives details on the spe-
cific confounders included in the study. No data were
available on alcohol use, smoking status, body mass
index, over the counter drugs, and iron or vitamin
supplementation.

Statistical analysis
We reported patients’ characteristics by ESAs exposure
status in each clinical setting (ie, CKD and oncology);
ESAs were divided into three groups: (1) biosimilars; (2)
epoetin α originator and (3) other originators. We com-
pared characteristic distribution of patients on biosimi-
lars with those on originators (ie, epoetin α biosimilars
vs epoetin α originator; epoetin α biosimilars vs other
originators) by using a t-test for continuous variables
and a χ2 test for categorical ones.
In each clinical setting, to compare the effect of biosi-

milars with the originators on each outcome, we used
Cox proportional hazard models in order to estimate
crude and adjusted HRs, with 95% CIs. For the risk
adjustment, among all the patient characteristics poten-
tially associated with each outcome, we considered those
selected by a stepwise procedure (significance for input
0.10 and removal 0.05); details of the statistical model
were also reported.
To test the robustness of results, we performed a sensi-

tivity analysis using the genetic matching, a statistical
matching technique that attempts to reduce the bias
due to confounding maximising the covariate balance
between the treatments in study.23 For each setting, we
performed two different genetic matches: (1) patients
with biosimilars versus patients with originator α, (2)
patients with biosimilars versus patients with other ori-
ginator. For each pair matched, we estimated the treat-
ment effect for five primary outcomes and compared it
with that obtained in the main analysis.
Cumulative probabilities of receiving a blood transfu-

sion and survival curves by ESA exposure status were esti-
mated through the Cox model in order to assess the
time relationship of the effect on such outcomes
of biosimilars as compared with epoetin α or other
originators.
As secondary objective, we investigated the factors

influencing the prescription of biosimilars or originators
through a logistic regression model estimating the OR
for baseline characteristics and the related 95% CI.
Among all factors potentially associated with the prob-
ability of receiving an ESA biosimilar or an originator,
age, gender, Hb levels and number of previous hospitali-
sations were considered as an a priori determinant of
use; the others were selected by a stepwise procedure
(significance for input 0.10 and removal 0.05).
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All statistical analyses were performed using SAS soft-
ware (V.9.2) and R software (V.3.2.2).

Patient involvement
No patients were involved in setting the research ques-
tion or the outcome measures; nor were they involved in
recruitment or the design and implementation of the
study. However, the study originated from the activities
conducted by the working group on biosimilars
appointed by the Lazio Region with the task of inform-
ing regional policy on biosimilars and promoting their
appropriate use. The working group on biosimilars
includes clinicians, prescribers, methodologists and
decision-makers who shared protocol methods, research
questions and findings. We identified no predefined
hypothesis and no formal estimate of the sample size
was performed. There is a plan regarding the involve-
ment of prescribers in the dissemination of results.

RESULTS
Overall, 43 707 ETPs for ESAs prescribed to 21 955
patients were available during the study period in the
Lazio Region; 14 404 patients were reported to be incident
users of ESAs (ie, naïve patients). Applying the exclusion
criteria, a sample of 13 470 incident users of ESAs was
available for the analysis, 8161 in the nephrology setting
and 5309 in the oncology setting, respectively (figure 1).
The use of biosimilars in naïve patients is residual account-
ing for the 1.9% (154 out of 8161) and 8.5% (453 out of
5309) in the two settings. Baseline characteristics of
patients enrolled are presented in table 1.

Baseline characteristics (CKD and oncology)
Patients exposed to biosimilars and originators can be
considered comparable overall for baseline character-
istics in both settings, although some specific differences
exist and are further described.
Specifically, in the CKD setting, patients receiving bio-

similars have higher Hb levels (ie, ≥10 g/dL), were less

hypertensive and less hospitalised than those on epoetin
α originator. When compared with other originators,
biosimilar users presented more frequently with serious
heart diseases (AMI, arrhythmia, heart failure).
In oncology, among patients receiving biosimilars,

there were more men (51.4%) compared with those
receiving other originators (43.5%); gender did not
differ when biosimilars were compared with epoetin α
originator.
Although statistical significance is reached, duration of

the ETP and the mean DDD values in biosimilars and
the originator groups could be considered comparable
from a clinical point of view.

Description of outcomes
Descriptive analysis of the effectiveness and safety out-
comes, and mean follow-up time, by clinical setting
are reported as online supplementary tables S3–S5.
Hypersensitivity reactions were very infrequent in our
cohort (0.2%) and we took the decision to not calculate
single risk estimates for this event. The mean follow-up
time for each considered outcome was very similar
between biosimilars and all originators in both clinical
settings (see online supplementary tables S4 and S5).

Risk estimates in CKD and oncology
The adjusted HRs for all considered outcomes for the
two clinical settings are presented in figure 2A–D.
In the CKD setting, no significant differences on the

risk estimates for all-cause mortality, blood transfusion,
MACE and blood dyscrasia were found between biosimi-
lars and originators. The composite outcome confirmed
these results (biosimilars vs epoetin α originators:
adjusted HR=1.02, 95% CI 0.78 to 1.33; biosimilars
vs other originators: adjusted HR=1.09, 95% CI 0.85
to 1.41).
Similarly, comparable risk estimates can be observed

between biosimilars and all originators in the oncology
setting when the analysis included the same outcomes.
However, in oncology, the comparison between biosimi-
lars and epoetin α originator on the all-cause mortality
highlighted a protective effect of biosimilars, although
the risk estimate was on the margin of statistical signifi-
cance (adjusted HR=0.82, 0.70 to 0.97). In any case, the
composite outcome (which includes all-cause mortality)
did not find out any differences between biosimilars and
epoetin α originator (adjusted HR 0.91, 0.79 to 1.06).
For a full interpretation of the results in the oncology
setting, we performed a sensitivity analysis in a subgroup
of oncology patients enrolled between January 2012 and
July 2014 for whom the cause of death was available (see
online supplementary table S6) and found that the
higher proportion of cause of death was from tumours
(41.9%, 561 out of 1339 patients) in the users of
epoetin α originator compared with biosimilars (35.9%,
113 out of 315 patients), suggestive of potential residual
confounding; regression analysis on such a subgroup of

Figure 1 Flow chart of patients included in the study cohort.

ESA, erythropoiesis-stimulating agent.
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Table 1 Baseline characteristics of participants enrolled in the study cohort by settings and ESAs (biosimilars, epoetin α originator or other originators)

Chronic kidney disease setting (n=8161) Oncology setting (n=5309)

Biosimilars

epoetin α
Originator

epoetin α
Other

originators p Value

biosimilars

vs epoetin α
originator

p Value

biosimilars

vs other

originators

Biosimilars

epoetin α
Originator

epoetin α
Other

originators p Value

biosimilars

vs epoetin α
originator

p Value

biosimilars

vs other

originators

(N=154) (N=1614) (N=6393)

Total

(N=8161)

(N=453) (N=1617) (N=3239)

Total

(N=5309)N

Per

cent N

Per

cent N

Per

cent N

Per

cent N

Per

cent N

Per

cent

Gender 0.9722 0.7728

Male 84 54.5 878 54.4 3412 53.4 4374 233 51.4 810 50.1 1409 43.5 2452 0.6136 0.0015

Female 70 45.5 736 45.6 2981 46.6 3787 220 48.6 807 49.9 1830 56.5 2857

Age (years) 0.2059 0.1924

<45 2 1.3 42 2.6 162 2.5 206 20 4.4 94 5.8 169 5.2 283 0.1806 0.0931

45–64 9 5.8 150 9.3 631 9.9 790 126 27.8 486 30.1 1012 31.2 1624

64–84 54 35.1 469 29.1 1913 29.9 2436 226 49.9 804 49.7 1608 49.6 2638

>84 89 57.8 953 59.0 3687 57.7 4729 81 17.9 232 14.3 450 13.9 763

Mean (SD) 79.2 (10.2) 78.6 (13.6) 78.5 (12.8) 0.6179 0.5868 68.5 (11.9) 67.1 (12.6) 67.0 (12.5) 0.0210 0.0140

Baseline Hb levels

(g/dL)

0.0168 0.3731 0.6748 0.1222

<8 10 6.5 114 7.1 279 4.4 403 29 6.4 118 7.3 165 5.1 312

8–10 92 59.7 1105 68.5 3848 60.2 5045 409 90.3 1460 90.3 3000 92.6 4869

10–11 50 32.5 349 21.6 2069 32.4 2468 12 2.6 32 2.0 68 2.1 112

≥11 2 1.3 46 2.9 197 3.1 245 3 0.7 7 0.4 6 0.2 16

Mean (SD) 9.3 (1.3) 9.2 (1.1) 9.5 (1.1) 0.1043 0.0871 9.0 (0.8) 8.9 (0.9) 9.0 (0.7) 0.2905 0.9440

Other ETP active

Special nutrition

programme

9 5.8 72 4.5 552 8.6 633 0.4328 0.2215 1 0.2 2 0.1 3 0.1 6 0.6312 0.4375

Comorbidities in

the previous

2 years

Diabetes 69 44.8 740 45.8 2756 43.1 3565 0.8038 0.6746 101 22.3 373 23.1 702 21.7 1176 0.7298 0.7636

Hypertension 50 32.5 680 42.1 2227 34.8 2957 0.0200 0.5422 82 18.1 259 16.0 557 17.2 898 0.2905 0.6335

Heart diseases 75 48.7 695 43.1 2098 32.8 2868 0.1774 <0.001 33 7.3 142 8.8 242 7.5 417 0.3114 0.8873

Arrhythmia 39 25.3 380 23.5 1122 17.6 1541 0.6195 0.0126 20 4.4 79 4.9 129 4.0 228 0.6783 0.6614

Heart failure 55 35.7 477 29.6 1399 21.9 1931 0.1113 <0.001 7 1.5 33 2.0 61 1.9 101 0.4983 0.6162

Cerebrovascular

disease

21 13.6 295 18.3 794 12.4 1110 0.1509 0.6514 14 3.1 68 4.2 129 4.0 211 0.2823 0.3566

Arterial and

venous

thrombosis

1 0.6 47 2.9 129 2.0 177 0.0988 0.2290 8 1.8 42 2.6 87 2.7 137 0.3084 0.2467

Number of

hospitalisations in

the previous

2 years

0.0215 0.7635 0.2978 0.8025

0 42 27.3 285 17.7 1950 30.5 2277 102 22.5 340 21.0 686 21.2 1128

1 43 27.9 459 28.4 1807 28.3 2309 134 29.6 454 28.1 955 29.5 1543

2–3 48 31.2 568 35.2 1774 27.7 2390 144 31.8 498 30.8 1021 31.5 1663

>3 21 13.6 302 18.7 862 13.5 1185 73 16.1 325 20.1 577 17.8 975

ETP duration (months)

Mean (SD) 2.7 (1.6) 3.5 (2.3) 3.3 (1.6) <0.0001 <0.0001 3.3 (1.9) 3.4 (1.7) 3.8 (1.6) 0.1738 <0.001

Number of ESA packages dispensed

Mean (SD) 7.8 (3.5) 9.0 (4.1) 4.2 (1.9) 0.0004 <0.0001 4.4 (1.1) 4.9 (2.7) 4.1 (1.3) <0.001 <0.001

DDD

Mean (SD) 158.9 (192.2) 200.4 (240.5) 122.2 (131.1) 0.0378 0.0007 475.3 (33.6) 569.7 (314.1) 531.0 (267.2) <0.001 <0.001

p Values in bold are significant.
DDD, defined daily doses; ESA, erythropoiesis-stimulating agent; ETP, Electronic Therapeutic Plan; Hb, haemoglobin.
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patients confirmed previous findings on the overall mor-
tality (see online supplementary table S7).
Results of the multivariate analysis in the CKD and

oncology settings showing crude and adjusted HRs and
related CIs are reported in online supplementary table
S8; details on the statistical model on all effectiveness
and safety outcomes are given for the CKD and oncol-
ogy settings, respectively (see online supplementary
tables S9A,B and S10A,B). Apropos of the CKD setting,
we noted that lower age, higher baseline Hb levels and
lower hospitalisation favoured biosimilars on the com-
posite outcome. The role of comorbidities as predictors
of outcomes in patients taking biosimilars is instead
controversial.
In the oncology setting, female gender, higher base-

line Hb levels and lower hospitalisation also favoured
biosimilars on the composite outcome. Patients taking
biosimilars for anticancer chemotherapy induced
anaemia with underlying cardiovascular diseases were at
higher risk of negative effectiveness and safety outcomes
if compared with all the originators.
After genetic matching, we included 462 patients in

the CKD setting and 1359 patients in the oncology
setting; the biosimilar users and originator users were
well balanced with respect to baseline characteristics
(see online supplementary table S11). Repeating the
analysis using the genetic matched cohorts did not alter
the results for the considered outcomes (table 2).
The lower mortality risk with biosimilars when com-

pared with epoetin α originator in the oncology setting
remained unaltered in the genetic matched analysis
(genetic matched HR 0.76, 0.62 to 0.93).

Survival curves and cumulative probabilities of receiv-
ing a blood transfusion by ESAs exposure status con-
firmed the time relationships for such events and the
exposure to biosimilars or epoetin α originator or other
biosimilars in both clinical settings (see online
supplementary figure S1A–D). In the survival analysis,
the lower probability of survival with epoetin α origin-
ator continued to be present in the oncology setting.

Determinants of prescription for biosimilars (CKD and
oncology)
The predictive model largely confirmed that the
selected variables related to patients’ characteristics did
not affect the probability of receiving an ETP for biosi-
milars or originators in the CKD and oncology settings
(see online supplementary table S12).
In the CKD setting, the higher the number of

previous hospitalisations, the smaller the probability of
receiving a biosimilar: patients without previous hospital-
isation had a risk more than threefold higher of receiv-
ing a biosimilar than the epoetin α originator (adjusted
OR=3.12, 95% CI 1.69 to 5.75). The patterns of risk esti-
mates for the prescription of a biosimilar were compar-
able when biosimilars were resembled with the two
groups of originators (ie, epoetin α originator and other
originators). The presence of comorbidities was a factor
found to be associated with the prescription of biosimi-
lars. A positive association with biosimilar prescription
was found in patients with underlying severe cardiovas-
cular diseases such as heart failure (adjusted OR=1.82,
95% CI 1.22 to 2.71 when the comparator is the epoetin
α originator) and heart diseases (adjusted OR=2.21,

Figure 2 (A–D) HRs for the effectiveness and safety outcomes by settings. Green dots were the value of the HR estimate and

the line represented the lower and upper values of the CIs. CKD, chronic kidney disease; MACE,major cardiovascular events.
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95% CI 1.49 to 3.28 when the comparators are other
originators).
Among the variables selected as determinants for use

in the oncology setting, gender (ie, being female) was
the only factor negatively associated with a prescription
of biosimilars when compared with other originators
(adjusted OR=0.73, 95% CI 0.60 to 0.90).

DISCUSSION
To the best of our knowledge, this is the first study com-
paring the effectiveness and safety of ESA biosimilars
with all the originators in incident ESA users and on
hard clinical outcomes. This is the largest sample of
patients from the real-world practice and covers the prin-
cipal therapeutic indications of ESAs including both
CKD and the oncology settings.

Statement of principal findings
In both settings, our findings are suggestive of no differ-
ence between biosimilars and originators on relevant
effectiveness and safety outcomes measured during the
follow-up period.

Strengths and weaknesses of the study
Many potential confounders identified through multiple
database linkage were considered allowing high com-
pleteness of data. Moreover, the data source for popula-
tion involved in the study was set up for the clinical
purpose of increasing the appropriate ESAs use and as
part of reimbursement procedures by the NHS. This
permits to ensure a very low misclassification of diagno-
sis and incident users (information certified by a special-
ist for the activation of an ETP). The ETPR also
includes clinical data on the correct treatment indica-
tion in oncology and CKD according to the guidelines
which ensure a selected cohort of patients for which
ESAs use is deemed appropriate.
Several prespecified subgroup analyses were also per-

formed on the considered outcomes in both settings to
inform on the heterogeneity of results. Finally, we also
investigated the time relationships between ESAs expos-
ure and specific outcomes such as mortality and blood
transfusion and found no different distribution over
time for these events.
We were not able to control our estimates for some

confounding factors such as iron supplementation,
smoking status, body mass index, socioeconomic status
as well as ESAs dose/posology which may affect the aeti-
ology of the selected outcomes and may be associated
with the decision to start the therapy with such drugs.
Moreover, relevant information for the oncology setting
(eg, tumour type, stage, chemotherapy) was not avail-
able and this should be considered as a study limitation.
For instance, in the CKD setting we found that

patients on biosimilars were overall less severe than
those staring an originator, since they had a higher Hb
level at baseline and a lower prevalence of previous
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cardiovascular comorbidities. This could be explained
by the scepticism of clinicians towards the use of biosimi-
lars (supposed as less effective) which may channel
severe patients to the originators (supposed as more
effective).
As per protocol, we applied a fixed follow-up period

to all ESA users for the outcome evaluation. On the
basis of the study period and the data availability, we
were able to guarantee up to 6 months of follow-up to
all patients enrolled in the cohort. Although this may
appear as a short follow-up, it turned to be sufficient to
observe a mortality rate of 24.6% in the patient with
CKD (2011 out of 8161; a mean follow-up of
4.2 months) and 40.2% in the oncology setting (2132
out of 5309; a mean follow-up of 3.8 months).
As with other observational studies based on routinely

collected data exposure, misclassification is possible
since we cannot assure that all ESA packages prescribed
to (and received by) patients were then administered.
However, such misclassifications are expected to be non-
differential between the groups.

Comparison with other studies
The clinical evidence in the CKD setting is more conso-
lidated and comes from RCTs, and has been recently
appraised by a network meta-analysis.15 Overall, 12 103
adult patients with CKD from 40 RCTs were analysed for
efficacy and safety outcomes, although only 25 studies
(enrolling 6678 participants) were head-to-head studies
of ESAs. It was possible to compare ESAs to each other
only on selected outcomes such as blood transfusion, all-
cause mortality and MACE. No statistical differences
between ESAs (originators vs biosimilars) emerged on
blood transfusion, although the uncertainty is high
given the wide CIs of the risk estimates. Similar conclu-
sions were provided for the association between different
ESAs and all-cause mortality or MACE. More specifically,
meta-analysis of three studies with epoetin α originator
versus biosimilars enrolling 1823 participants showed
no difference on blood transfusion (OR 0.72, 0.42
to 1.22).24–26 Similar results were obtained from the
meta-analysis of seven studies with a sample of 2220
patients comparing epoetin α originator with biosimilar
on all-cause mortality (OR 1.04, 0.53 to 2.01).24 25 27–31

Risk estimates on MACE come from only one study (462
patients) comparing epoetin α originator versus biosimi-
lars and was inconclusive (OR 0.49, 0.17 to 1.47).24

In oncology, the evidence from comparative
effectiveness of ESAs used for the management of
chemotherapy-induced anaemia is generally poor. Only
one observational study involving 429 patients in two
centres in Germany and Spain aiming at comparing a
biosimilar with darbepoetin α was published in 2014.17

This study highlighted no difference between a biosimi-
lar or darbepoetin α in terms of mean increase in Hb
levels, while incidence of blood transfusion was statistic-
ally significantly higher in the darbepoetin α group
(14.3% vs 8%, respectively). However, this study was too

small and the duration of ESA treatment was limited
(<5 weeks).
Our study was conducted on the largest patient popu-

lation enrolled in real clinical practice consisting of 8161
patients with CKD and 5309 oncology patients who
started the treatment with ESA. It covers a broader
series of relevant effectiveness and safety outcomes, mea-
sured during a 6-month follow-up period. We performed
direct comparisons between biosimilars and all origina-
tors for all the aforementioned outcomes and also
added the comparison between biosimilars and other
originators (different from epoetin α). In this context,
we found no difference between biosimilars compared
with all originators (including those still covered by a
patent) in terms of effectiveness and safety outcomes.
Applying different statistical approaches and evaluat-

ing several clinical outcomes, the risk estimates obtained
in our study are consistent across all the comparisons
and settings. Specifically, when considering the compos-
ite outcome, where maximum power can be achieved,
we obtained a HR point estimate ranging from 0.91 and
1.09 with CIs including 1 (not statistically significant). In
any case, the lower CI of the composite outcome was
0.78, while the upper CI was 1.41.
It should be underlined that the absence of statistical

significance does not automatically mean absence of a
meaningful clinical difference. However, in the CKD
setting, observational real-world data provided similar
risk estimates than those obtained from RCT data
included in the network meta-analysis.
No comparative data are available in the scientific lit-

erature evaluating the risk of mortality between ESA bio-
similars and originators. We found an increased risk on
mortality with epoetin α originator when compared with
biosimilars, which needs to be interpreted with caution
and should be further confirmed by other research.
Moreover, the subgroup analysis conducted showed that
patients with cancer on epoetin α originator had a
higher incidence of death from cancer, highlighting a
potential channelling for prescription of biosimilar to
less severe patients which could contribute to the
residual confounding. Furthermore, several factors such
as the tumour type and stage, time from diagnosis or dif-
ferent treatments (eg, dosages, cycles, drug classes,
other therapies) which might also contribute to residual
confounding, should be considered in future research
because of their impact on severity of cancers and ultim-
ately affect the mortality. For the sake of information, it
should be pointed out that a meta-analysis of RCT con-
ducted by Bohlius et al32 in 2009 showed that ESAs in
patients with cancer increased mortality. However, this
meta-analysis was done prior to the biosimilar era and
different ESAs (epoetin and darbepoetin) were consid-
ered together. This meta-analysis did not investigate risk
difference on mortality by different ESAs.
We also found a controversial role for comorbidities in

the CKD setting, since patients on biosimilars present a
higher incidence of previous AMI, heart failure and
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arrhythmias (although less hypertensive) when com-
pared with those on originators. However, these findings
are in line with another drug usage study conducted in
Germany which highlights similar findings.33

This latter study also adds an important piece of infor-
mation in a severe CKD subpopulation (ie, patients in
haemodialysis) demonstrating that patients receiving
ESAs for six accounting quarters had comparable DDD
when taking biosimilar or originator ESAs.33

Meaning of the study
Our study was conducted region wide in the Lazio
Region, which is the second largest Italian region by resi-
dent population; therefore, study results should be con-
sidered generalisable to the whole Italian population.
The present real-life data confirm that ESA biosimilars

are as effective and safe as the ESA originators, thus con-
tributing to overcome barriers still raised for their pre-
scription. Our findings can be of paramount significance
for policymakers who are facing with sustainability of the
NHSs. In fact, promoting the take-up of ESA biosimilars
easily translates into millions of euro savings which may
be allocated to innovative (and often more costly) medi-
cines. In addition, study findings might be evaluated dir-
ectly by expert groups of clinicians (also in collaboration
with patients) in order to produce new clinical guidance
or update existing ones.
Our study also provides reassurance on the current

approval pathway for biosimilars, especially regarding
the ‘data extrapolation’ process, which was specifically
applied for ESA biosimilars for the indication in antican-
cer chemotherapy-induced anaemia. Indeed, we high-
lighted no difference on relevant outcomes between
ESA biosimilars and ESA originators in the oncology
setting. It should also be pointed out, however, that
extrapolation is a rational consequence of the biosimilar
concept always adopted. The scientific literature shows
that extrapolation is not new, since it has already been
used for many years with changes in the manufacturing
process for originator biological and biotechnological
products, where often more than minor changes were
observed after authorisation between different lots.34–36

Unanswered questions and future research
We did not address the effect of switching strategies
between different ESA products on clinical outcomes
nor the influence of the different hospitals or specialists
on the prescription of biosimilar or originators.
Moreover, the comparative effectiveness and safety of

all ESA products in highly severe nephrology settings,
for example, dialysed or transplanted patients, remains
to be investigated.
The oncology setting merits further research, taking

into account tumour types, tumour stage and anticancer
chemotherapy administered.
Finally, the replication of these results in both settings,

also considering patient preferences or using patient-
reported outcomes linked with the quality of life, will

add an important piece of information and increase the
consistency of our findings.

CONCLUSIONS
This study suggests a comparable benefit/risk profile of
biosimilars of epoetin α when compared with all the
ESA originators in real-life practice and may contribute
to settling future drug policy for the health services.
Forthcoming research and related meta-analysis could
further define specific risks in the oncology setting.
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