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Introduction: Biosimilars can offer a lower-cost alternative to current biological thera-
pies and could help contribute to the much-needed savings for the healthcare systems.
All biosimilars approved by the regulators must show comparable efficacy and safety
with the reference biologic. However, the acceptance by the healthcare professionals
and by patients is not uniform within Europe. Therefore, it is important to understand
the barriers to biosimilar uptake. Increased awareness amongst the stakeholders —
regulators, prescribing physicians, medical societies, pharmacists and patients — to the
barriers and plausible solutions could help improve further uptake of biosimilars.
Methods: GaBl organized a workshop where regulators, academics, prescribing physi-
cians and pharmacists met to discuss practical challenges in the uptake of biosimilars.
Specifically, key elements unique to biosimilars such as extrapolation of indications
and the implementation of pharmacovigilance systems were discussed with experts
from Spain, The Netherlands and the UK.

Results: Some of the key concerns of the physicians include the structure and post-
translational differences between the biosimilars and the reference product. It appears
that they are not entirely convinced by the regulatory decision of approval alone or
from inputs from the hospital pharmacists that these drugs are comparably safe and
effective. From the discussions the pharmacists, on the other hand, appear to accept
the regulatory approval by the European Medicines Agency (EMA) as adequate for
their use in all settings.

Conclusion: Several concerns raised by the physicians in Spain on the role of appropri-
ate evidence prior the biosimilar use in all settings must be heard and addressed to
improve further uptake of biosimilars in the market. The role of education was also
emphasized along with the need for more interactions between the regulators, physi-
cians and the medical societies (including patients). Broad agreement on the impor-
tance of pharmacovigilance was reached including the importance of prescription by
brand name and tracking by both the brand name and batch number.
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Introduction

Biosimilars offer a prospect of savings to
the health systems given they are generally
priced lower than the reference product.
The uptake of biosimilars across Europe
has not been uniform across all countries.
The challenges posed by biosimilars —
which are different versions of the inno-
vator biological medicines on which they

are based — are viewed in different ways.
Biosimilar uptake has been relatively slow
in Spain, where physicians do not appear
to be readily in favour of the extrapolation
of indications, despite guidance otherwise
from the European Medicines Agency
(EMA). There are also concerns around
the effectiveness of current pharmacovigi-
lance systems.
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The Generics and Biosimilars Initiative
(GaBI), with its mission to foster the
worldwide efficient use of high quality
and safe medicines at an affordable price,
organized a roundtable discussion on
biosimilars (focussing on pharmacovigi-
lance, traceability and immunogenicity)
for Spanish physicians, pharmacists and
medical societies. The aim of the meeting
was to learn about the challenges faced
in Spain as a steadily growing number of
biosimilars are approved and enter the
European market.

The main themes of the meeting were
on the practical challenges in the imple-
mentation of robust pharmacovigilance
systems; and how to establish pharmaco-
vigilance schemes to enhance traceability
and post-marketing surveillance of bio-
logicals including biosimilars.

The meeting was organized in collabo-
ration with the Faculty of Medicine and
Pharmacy of the University of Alcald, and
chaired by Professor Francisco Zaragoza,
past-president of both the Spanish Society
for Pharmacology and the European Phar-
maceutical Advisory Committee. He is
currently Professor of Pharmacology at
the Faculty of Medicine and Pharmacy,
University of Alcald, Madrid, Spain.

Presentations were made by European
speakers as well as local academic faculty,
clinicians, pharmacists and Spanish regula-
tors. The list of speakers and panel members
is detailed at the end of this report, and all
speakers’ presentations are available on the
GaBI Journal website (www.gabi-journal.
net/about-gabi/educational-workshops).

Methods

On 15 November 2016, GaBI held a Round-
table on Biosimilars in Madrid, Spain, with
participation by physicians and pharma-
cists from Spain, as well as other experts
from Europe. The programme offered
speaker presentations and a discussion
session to provide participants with current
views on biosimilars in Spain. Presentations
were in Spanish or English (with simulta-
neous translation).

Results

Biological medicines

The Roundtable was opened by the Chair,
Francisco Zaragoza, Professor of Phar-
macology at the Faculty of Medicine and
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Pharmacy, University of Alcald, Madrid,
Spain. Professor Zaragoza gave an over-
view of biological medicines including
biosimilars, covering both the promise and
the concerns that surround these thera-
pies. The greatest promise of biosimilars is
that they will drive down healthcare costs,
both in terms of the cost of treatment and
the savings made by cutting hospital read-
missions. But are the concerns justified?

The introduction of therapeutic monoclonal
antibodies, such as infliximab, was a nota-
ble milestone. Two biosimilars of infliximab
(Inflectra and Remsima) were approved by
EMA in 2013, and Inflectra was approved
by the US Food and Drug Administration
(FDA) in 2016.

Unlike generics which have the same
active ingredient as the reference drug,
the structural differences between the bio-
similars and the reference biological was a
concern for Professor Zaragoza. Thus, ‘We
need to be very cautious in our approach’
in the use of biosimilars, he warned, call-
ing on regulators to improve communi-
cation by providing more clarity on their
rationale for the decisions.

EMA approval requirements on
biosimilars: clinical aspects

Dr Sol Ruiz, Head of Biotechnology and
Advanced Therapies at the Spanish Agency
for Medicines and Medical Devices (Agencia
Espariola de Medicamentos y Productos
Sanitarios) and chair of EMA’s Biologics
Working Party, discussed the quality and
clinical aspects of EMA approval require-
ments for biosimilars. Dr Ruiz began by
presenting a list of all biosimilars approved
by EMA to date [1], demonstrating that
the number of biosimilars is increasing
year-over-year.

The procedure of establishing biosimilar-
ity is a step-wise process that can be split
into three categories: extensive charac-
terization (of physicochemical structure
and biological activity); 7 vitro functional
activity (analysing all possible modes of
action [MoA] of the molecule); and effi-
cacy and safety studies (using the most
sensitive or relevant population to detect
differences).

Biosimilarity from a clinical perspective
starts by showing a comparable pharma-
cokinetic (PK) profile in a sufficiently sen-
sitive and homogeneous population of
healthy volunteers, if possible. For phar-
macodynamic (PD) studies, the use of
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multiple PD markers is recommended if
possible. PD markers can be used as piv-
otal evidence for comparable efficacy if a
clear dose-response relationship is shown,
and if at least one PD marker is an accepted
surrogate for efficacy, i.e. can be related to
patient outcome.

Comparative studies looking at efficacy
and safety must by adequately powered,
randomized, preferably double blind and
are normally equivalence trials. Any devi-
ation from relevant efficacy guidelines
should be justified. For these studies, usu-
ally the most sensitive patient population
is preferred.

Dr Ruiz summarized the clinical studies
carried out to establish the biosimilarity
of CT-P13 (Remsima) with its innovator
infliximab. In June 2013, CT-P13 (with
the brand names Remsima [Hospiral and
Inflectra [Celltrion]) were recommended for
approval by EMA’s Committee for Medici-
nal Products for Human Use (CHMP) and
is available in the European Union (EU).
Inflectra was subsequently approved by
FDA in April 2016, following a submission
by Celltrion and its partner Pfizer.

Extrapolation of indications continues to
be the most controversial issue affecting
the uptake of biosimilars, said Dr Ruiz.
As the list of approved biosimilars grows,
regulators should make the effort to better
communicate the reasoning behind the
decisions made.
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Evaluation of immunogenicity of
biosimilars

Dr Robin Thorpe, former head of the
Biotherapeutic Group at the UK’s National
Institute for Biological Standards and
Control, spoke about the issue of unwanted
immunogenicity of biological medicines.
Immunogenicity can have significant clini-
cal consequences leading to reduced clini-
cal efficacy, hypersensitivity or allergic
reactions. Immunogenicity assessment is a
vital component of regulatory submissions
for product approval.

Immunogenicity assessment requires care-
fully planned prospective studies in a suit-
able indication, a well-considered strategy
and a panel of appropriately validated
assays for antibody detection and charac-
terization in clinical samples. Determining
the immunogenicity of biosimilar products
requires similar assessment approaches
to stand-alone products, but in addition
comparative immunogenicity studies with
the reference product are required.

Biological products can induce antibodies
with different characteristics and different
assays are needed to detect and measure
these antibody types.

Dr Thorpe made clear that there was no
reason to treat approved biosimilars any
differently from all biologicals from the
immunogenicity perspective. He presented
data from European public assessment

Table 1: Antibody frequencies for biosimilars and their reference products (pre-submission

studies)

Biosimilar Ab frequency Reference Ab frequency
Omnitrope (SC) 0/51 (0.0%) Genotropin 1/44 (2.3%)
Valtropin (SC) 3/98 (3.4%) Humatrope 1/49 (2.0%)
Binocrit (V) 2/314 (0.6%) Erypo 3/164 (1.8%)
Silapo (1V) 0/305 (0.0%) Erypo 0/304 (0.0%)
Silapo (SC) 0/323 (0.0%) Erypo 0/230 (0.0%)
Ratiograstim (SC) 7/356 (2.0%) Neupogen 2/134 (1.5%)
Zarzio (IV/SC) 0% Neupogen 0%

(Phase 1, crossover)
Nivestim 3/183 (1.6%) Neupogen 0/95 (0.0%)
Bemfola 0/249 (0%) Gonal-f 0/123 (0%)
Insulin Marvel$ T1DM: 25/114 (21.9%) Humulin T1DM: 16/114 (14.0%)
T2DM: 14/131 (10.7%) T2DM: 17/136 (12.5%)

Remsima — AS 37.5% Remicade 36.1%

—-RA 55.6% 54.3%
Data from EPARs at www.ema.europa.eu.
fApplication withdrawn. Table courtesy of Martina Weise.
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Box 1: Factors influencing unwanted immunogenicity in biological therapies

Product and patient related

e Product impurities
e Formulation
e Aggregation

e Previous exposure

e Molecular structure, novel epitopes, glycosylation, degradation, oxidation, deamidation

e Protein — biological properties, e.g. immunostimulant
e Dose, route, frequency of administration and duration of therapy
e Immune status, age, genetic profile, disease, treatment

reports (EPARs) showing antibody fre-
quencies for biosimilars and their reference
products. Clearly neither group — biosimilar
nor reference — routinely has a higher or
lower antibody frequency, see Table 1.

Immunogenicity is a serious and challeng-
ing issue. It is impossible to predict when
it will happen and what clinical conse-
quences it will have. Appropriate studies
are clearly needed to assess such risks. It
is important to remember that immunoge-
nicity is not new or specific to biological
therapies — it exists ‘for just about every-
thing’, said Dr Thorpe.

The factors that influence unwanted
immunogenicity are shown in Box 1.

Current guidance from EMA, FDA and
World Health Organization (WHO) stipu-
lates that testing for unwanted immunoge-
nicity is integral to product development,
that animal data is not predictive of immu-
nogenicity in humans, and that every
product needs to be evaluated for immu-
nogenicity individually and an appropri-
ate strategy adopted based on intended
clinical use. Dr Thorpe noted that
EMA’s CHMP guidelines are about to be
updated.

There is no perfect assay for antibody
testing. CHMP recommends a tiered app-
roach to immunogenicity testing: starting
with screening assays (to identify anti-
therapeutic antibodies); followed by con-
firmatory assays; and finally neutralization
assays (to discriminate between neutrali-
zing and non-neutralizing antibodies, see
Figure 1.

Even though immunogenicity assessment
strategy needs to be established on a case-
by-case basis (product, patient, expected
clinical parameters), unwanted immuno-
genicity always remains a possibility. Immu-
nogenicity can arise throughout a product’s
life cycle. In addition to this, post-approval
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assessment, as part of pharmacological sur-
veillance, is key.

Understanding pharmacovigilance for
biologicals and the current challenges
in Spain

Francisco José de Abajo, Professor of
Clinical Pharmacology at the University of
Alcala, Madrid, Spain began his presen-
tation on the issue of pharmacovigilance
in Spain by noting that pharmacovigi-
lance for biological medicines is largely
the same as for pharmaceuticals. Two
differences, however, are that greater
importance is placed on the possibility
of immunogenicity, and on the impact of
quality issues on safety.

Professor de Abajo reviewed a new
chapter in the EMA guidelines on good
pharmacovigilance practices (EU-GVP),
entitled ‘Product or population specific
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considerations II:  biological medicinal
products’, which came into force in August
2016 [2]. The new chapter provides guid-
ance on how to better monitor and man-
age the safety of biological medicines to
optimize the safe and effective use of these
products in Europe.

Professor de Abajo contrasted the classi-
cal view of pharmacovigilance, the reac-
tive model, see Figure 2a with the current
view, the proactive model, see Figure 2b.

The risk management plan, see Figure 2b,
aims to anticipate potential safety issues,
carry out epidemiological studies, imple-
ment risk minimization measures and check
the effectiveness of measures adopted.

Biologicals require particularly stringent
pharmacovigilance since they are com-
plex molecules that are considered more
likely to trigger immune reactions.

Clinical data collected from patients who
have been treated with biological therapies
in Spain have been included in national
databases in order to identify and help pre-
dict and prevent possible adverse events.
The Spanish Agency for Medicines and
Medical Devices’ database BIFAP (www.
bifap.org), which currently includes data
from eight million patients seen by gen-
eral practitioners in Spain, is similar to the
UK’s Clinical Practice Research Datalink

Figure 1: Three tiered approach to immunogenicity testing
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Figure 2: Models in pharmacovigilance - the classical reactive model (a) and the current proactive model (b)

a) The reactive model
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(CPRD) and The Netherlands’ IPCI (Inte-
grated Primary Care Information). Sadly,
most biological treatments are dispensed
in hospitals and are not included in BIFAP
or in many other pharmacoepidemiologi-
cal databases.

An alternative source of information is the
creation of ad hoc registries of exposed
patients (treated with drugs of interest) or
registries of cases (patients with the dis-
ease or event of interest). An example of
the former in Spain is the BIOBADASER
registry — created by the Spanish Society
of Rheumatology and partially funded by
the Spanish Medicines Agency and several
pharmaceutical companies. BIOBADASER
(https://biobadaser.ser.es) provides a regi-
stry of patients treated with biologicals for
rheumatic diseases. Such a registry has
been successfully used to test some phar-
macovigilance signals concerning these
products, either confirming them, e.g.
tuberculosis associated with infliximab, or
refuting them, e.g. cancer associated with
these biological products. This database
has included in its phase II over 7,000
patients. It has helped show the effective-
ness of risk minimization measures on
reducing cases of tuberculosis in patients
treated with infliximab. More recently,
a similar initiative has been taken by the
Spanish Academy of Dermatology and
Venereology (AEDV) setting up a database
called BIOBADADERM, which includes
patients treated with biological products
for dermatological conditions, e.g. psoriasis
(https://biobadaderm.fundacionpielsana.es).
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Professor de Abajo says the Spanish pharma-
covigilance system is well prepared for the
challenge of biologicals, but complementary
epidemiological approaches will improve
this. BIOBADASER provides a roadmap to
follow.

Current challenges in traceability of
biologicals — a case study from The
Netherlands

Kevin Klein, a researcher at Escher, the
Lygature platform for regulatory innovation
in The Netherlands, spoke about a recent
pilot study he has been working on look-
ing at pharmacovigilance of biologicals.

Klein and his colleagues evaluated
information-recording systems and prac-
tices in the Dutch hospital and commu-
nity setting to identify determinants for
brand name and batch number record-
ing as well as success factors and bottle-
necks for traceability. His team found
limited traceability of brand names and
batch numbers in reports of adverse drug
reactions (ADRs), which they concluded
might be primarily caused by the short-
comings in the recording of information
in clinical practice.

To align practice with the ambition of the
EU pharmacovigilance legislation regard-
ing traceability, brand name and batch
number recording needs to be (further)
improved, says Mr Klein. Additional case
studies in different Member States could
help to map EU differences, commonalities

© 2017 Pro Pharma Communications International. All rights reserved

and potential success factors for activities/
interventions to improve traceability.

Considerations of the Spanish Society of
Pharmacology on pharmacovigilance,
traceability and immunogenicity of bio-
similars from the biomedical perspective
Maria Jesus Sanz Ferrando, President of
the Spanish Society of Pharmacology and
Professor of pharmacology at the Univer-
sity of Valencia, highlighted the Spanish
Society of Pharmacology’s concerns at the
level of pharmacovigilance, traceability
and immunogenicity of biologicals includ-
ing biosimilars, specifically monoclonal
antibodies.

Professor Sanz acknowledged that the
introduction of biosimilars was a great
advance for Spain’s national health
system, but strong pharmacovigilance that
includes both health professionals (includ-
ing doctors, pharmacists and nurses) and
patients in the communication of efficacy
and adverse reactions of all products is
needed.

Further development of techniques
aimed at detecting the possible immuno-
genicity of each product is required. The
Spanish Society of Pharmacology recom-
mends that prescription of biosimilars
be made by brand name, batch number
and manufacturer to enable traceability
in case of adverse events. The Society
holds that extrapolation to other indica-
tions without previous clinical trials will
require advances in in vitro studies and

GaBl Journal | www.gabi-journal.net
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more sophisticated and reliable animal
models.

Antibody biosimilars in oncology: an
analytical to clinical perspective
Professor Joan Albanell, member and
coordinator of the Spanish Society of
Medical Oncology’s Biosimilars Working
Group and Professor of Oncology at
Pompeu Fabra University, warned against
the interchangeability of biosimilars and
reference drugs without specific clinical
studies on the same indication in support
of its safety and efficacy.

The Spanish Society of Medical Oncology’s
(SEOM) position on biosimilar mono-
clonal antibodies is that these drugs are
unlike other biosimilars (like erythropoie-
tin and colony stimulating factors), which
have easy to measure efficacy surrogate
markers, e.g. haemoglobin concentra-
tions and leukocyte levels. The challenges
posed by monoclonal antibodies, such as
Trastuzumab, lie in their structural com-
plexity, their role in the treatment of a
wide range of tumours, the limited corre-
lation between efficacy surrogate markers
and clinical benefits, and the heterogene-
ity of their mechanisms of action.

SEOM’s position on the possibility of
extrapolating from a specific trial with a
homogeneous population with a clinical
endpoint capable of detecting differences
in activity to other indications in which
the drug’s mechanisms of action, the dis-
ease biology and the treatment objectives
can be different, is that it should be done
only on a case-by-case basis and when
the mechanism of action is clear.

Since the biosimilar and the reference bio-
logical are different drugs, argues SEOM,
interchangeability should not be automatic
at the time of dispensing and it can only
be acceptable in certain cases, with clinical
justification. The situation would be differ-
ent, says Professor Albanell, if there were
specific clinical studies proving the safety
of interchangeability at an individual level,
as regulated by FDA. However, viability of
these clinical trials is difficult.

Professor Albanell noted that biosimilar
manufacturers have only limited know-
ledge of the reference product, see Figure 3,
and that monoclonal antibodies are hetero-
genous complex proteins that are sen-
sitive to manufacturing conditions. For
example, differences in glycosylation may
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lead to differences in biological function,
see Figure 4.

The introduction of monoclonal antibody
biosimilars in oncology is welcomed
given their potential to reduce treatment
costs, but their multiple, not fully under-
stood, mechanisms of action and post-
translational modifications, coupled with
the complexity of cancer biology, poses a
significant challenge.

SEOM agrees with the need to prescribe by
brand name and, further, requires that before
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introducing a biosimilar in a hospital, ade-
quate circuits be established for prescription,
dispensing, administration and registration
using the brand name. Pharmacovigilance
of biosimilars is regulated as obligatory at a
European level to rule out differences with
the original biological in relation to efficacy
or toxicity among the healthy population.

Position statement of the Spanish
Society of Rheumatology on biosimilar
drugs. Clinical vision

Dr José Vicente Moreno-Muelas, former
president of the Spanish Society of rheuma-

Figure 3: Biosimilar manufacturers have limited knowledge of the reference product
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tology (SER) and faculty member at
the Rheumatology Department of the
University Hospital Vall d’'Hebron in
Barcelona, Spain welcomed the arrival
of biosimilars, which have opened access
to biological therapy for rheumatology
patients. But, echoing concerns voiced
elsewhere at this Roundtable meeting,
there are several areas of concern — the
issues of substitution by the hospital
pharmacy, automatic switching between
the innovator and the biosimilar, and the
need for improved pharmacovigilance.

SER holds that the decision to prescribe a
biosimilar or its innovator lies solely with
the prescribing physician. The exchange
of an innovator for its biosimilar is a medi-
cal act that must be performed exclusively
by the prescribing physician, with the
consent of the patient.

Since biosimilar drugs are subject to a
safety follow-up similar to that of their
reference drugs, it is necessary to create
specific pharmacovigilance records. SER
has extensive experience in these regis-
tries and offers to carry out these security
studies.

As biosimilars currently have the same
international non-proprietary name (INN)
as their innovators, prescription must be
made by brand name in order to achieve
adequate traceability. SER states that the
demonstration of efficacy and safety of a
biosimilar for a given indication may not
be the same as for a second indication
in which the reference biological drug
has demonstrated efficacy and safety.
When the reference drug has more than
one indication, the extrapolation of indi-
cations should be justified in accordance
with EMA standards. SER argues that, if
necessary, each authorized indication
should be individually demonstrated with
double-blind, randomized, direct com-
parison clinical trials with the reference
drug [3]. SER’s position will be updated
periodically in the light of new evidence,
most likely within the next two years.

Biosimilars: something more than clinical
evidence

Despite the evidence of efficacy, a solid
regulatory framework and the experience
of switching and safety of biosimilars, the
uptake of biosimilars in European markets
has been patchy, notes pharmacist Dra
Olga Delgado, who heads the pharmacy
department at the University Hospital Son
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Espases, Palma de Mallorca, Spain. Dra
Delgado welcomes the introduction of
biosimilars, and presented evidence of
the clear benefits that increased biosimilar
uptake can have on reducing the cost of
treatment.

She gave examples of how uptake of bio-
similars varied between hospitals in the
Balearic Islands and can be lower than
10% and even down to 0% in one hospital.
Dra Delgado argued that healthcare pro-
fessionals clearly needed more than just
evidence to implement biosimilars in prac-
tice. Her approach to this challenge is that
more incentives are needed for clinicians,
together with more education and support
for patients, and an agreement to share the
savings offered by biosimilars over their
innovators. Biosimilars are an opportunity
for collaboration.

Conclusions of the Roundtable meeting
The opportunities offered by biosimilars
were welcomed by all speakers. Realizing
these opportunities will take much open
discussion and sharing of information
between everyone involved in the uptake
of biosimilars — prescribing physicians,
medical societies, patients, pharmacists
and regulators.

There was broad agreement that improved
pharmacovigilance is needed. The impor-
tance of recording the brand name, as
well as prescribing by brand name, was
noted by the Spanish Society of Pharma-
cology, the Spanish Society of Rheumatol-
ogy and the Spanish Society of Medical
Oncology. Likewise, the importance of
recording the batch number was noted
by the Spanish Society of Pharmacology.
Both batch number and brand name
recording were highlighted by Mr Kevin
Klein, whose research in The Netherlands
shows that improvements in recording
these details are needed in order to meet
EU pharmacovigilance legislation.

The role of registries — of both patients
and cases — was also raised. The Spanish
Society of Rheumatology has created
the BIOBADASER registry with support
from the pharmaceutical industry and the
Spanish Medicines Agency. This registry
of patients with rheumatic diseases treated
with biologicals has helped support phar-
macovigilance and shown the effectiveness
of risk minimization measures, for exam-
ple, by reducing cases of tuberculosis in
patients treated with infliximab. Similarly,
the Spanish Academy of Dermatology and
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Venereology (AEDV) is setting up a data-
base called BIOBADADERM for patients
with dermatological diseases treated with
biologicals. Risk minimization is key to
the risk management plan, which lies at
the heart of the currently accepted proac-
tive model of pharmacovigilance.

The risk management plan was used to
allay pharmacists’ and prescribers’ fears that
they were not being made aware of any
changes made to the formulation of inno-
vator or biosimilar medicines. With a risk
management plan in place, such changes
will be recorded appropriately, followed
closely and the information made available.
Some prescribers complained that they
were not told when manufacturing changes
are made to biologicals.

It was clear that the authorization of bio-
similars by regulatory bodies, such as EMA,
does not automatically persuade prescrib-
ers to stop prescribing innovator biologicals
in favour of biosimilars. A similar outcome
was seen at a recent GaBI Roundtable in
Brussels where regulators and physicians
discussed access to biological therapies [4].
More easily accessible, clear information on
the reasoning behind regulatory approvals
is needed. The structural differences known
to exist between innovators and their bio-
similars is a great concern to physicians,
particularly those treating complex and not
completely understood diseases like cancer.
Regulators will need to improve their com-
munication and education in this area if bio-
similar uptake is to increase.

The Roundtable concluded with agreement
that continued dialogue between all stake-
holders will be key. The concerns raised by
physicians in Spain need to be heard and
addressed if biosimilar uptake is to increase.
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