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Abstract

Background

Even though biosimilars have the potential to bend down the cost curve of oncology by at least 10
percent, their actual uptake appeared to be less evident than expected. Currently, both patients and
healthcare providers are not confident about the efficacy, safety and interchangeability of biosimilars
compared with their reference product. The limited knowledge regarding biosimilars in oncology may
have an impact on the attitudes and perceptions of stakeholders in oncology. To evaluate the potential of
biosimilars to lower costs in oncology, it is important to determine the preferences of stakeholders in
oncology for biosimilars.

Objective

A multi-criteria decision analysis is designed to determine which factors stakeholders consider to be
important with regard to the uptake of biosimilars in the Dutch oncology setting, to prioritize the role of
post-marketing studies.

Methods

An online questionnaire is used to reveal the preferences of Dutch stakeholders about biosimilars in
cancer care. The included stakeholder groups consisted of physicians, oncologists, pharmacists,
employees of health insurance companies involved in formulary decisions or benefit structures,
(government) policy makers and researchers. A combination of ciscrete choice experiments (DCE) and
the analytic hierarchy process (AHP) is used to determine the biosimilar preferences. Pairwise
comparisons are established to obtain relative weights and overall priorities of four criteria, i.e. costs
savings and three factors that relate to equivalence with the reference biological: effectiveness, safety and
immunogenicity. An additive model is used to see if providing additional information to individuals has
an effect on preferring biosimilars. A logistic regression model was fitted to investigate if this potential
effect is important and significant. Subgroup analyses are performed to investigate if preferences differ
per subgroup.

Results

A total of 34 respondents completed the questionnaire, of whom 7 had a baseline preference that very
strongly or extremely favored the biosimilar. Adding information contributes to an increase of the
preference, baseline score. This increase in preference score applies for all decision criteria. Providing all
post-marketing data along with approval data, and all post-marketing data along with approval data as
well as additional cost savings, is associated with significant higher odds (p<0.01) of preferring
biosimilars over biologics. It is also observed that post-marketing effectiveness data along with approval
data was associated with significantly higher odds (p<0.05) of favoring biosimilars over biologics.

A total of 23 respondents met the consistency ratio threshold of >0.20 and were included for the analysis
of the pairwise comparisons. When the four decision criteria are compared with each other, post-
marketing safety data is considered to have the highest relative importance to the respondents with regard
to the uptake of biosimilars (weight = 0.37). After post-marketing safety data, post-marketing
effectiveness data was considered to be the most important (weight = 0.323), followed by post-marketing
immunogenicity data (weight = 0.204) and cost savings (weight = 0.104).
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Conclusions

With reference to the multi-criteria decision analysis the factors are elicited that are most important with
regard to the uptake of biosimilars in the Dutch oncology setting. Stakeholders in oncology prefer post-
marketing effectiveness data and post-marketing safety data along with approval data in the case of
biosimilars in oncology. The combination of all post-marketing data along with approval data will most
likely result in preferring biosimilars over its reference biological. Post-marketing studies will play a
major role in the potential uptake of biosimilars in oncology, and are required before their implementation
on a large scale can be realized.

Page | 3



Table of Contents

PIETACE ...t E Rttt R n e r e n e 1
AADSITACT ... bbb bR 2
BACKGIOUN ...ttt b bt b et et b e 2

(@ o101 £ S PS 2
IVIBENOMS ... bbb R ettt r s 2
RESUITS ...t b bbbt 2
CONCIUSTONS ...t bbbt R Rt b bt b e et et e e e bt b s bt b nnennen e 3
I 0] i 10U =SSR 7
LSE OF TAIDIES. ... 7
ADDreviations and AETINITIONS ..........coviiiiii et 8
L INEFOTUCTION ... e bbbt h bbbt n ek e et b b 9
1.1 BACKGIOUN ...ttt bbb bbbt e et b bbbt 9
IO o ot o) 0T T g ot USSR 9
1.1.2 Small molecule and DIOIOGIC AIUGS ........oveiiiiiiie e 10

1.2 Problem definition .........cc.ooiiiii e 11
1.2.1 BiologiCs and their CONCEIMS .........uiuiiiiieieieieies sttt 11

1.2, 0.0 COSES. ..ttt 11

1.2.1.2 Safety and immuUNOGENICILY CONCEINS .....c.eiveiiiiieiie et ste ettt sreeraesreane s 12

1.3 POLENTIAL SOIUTION ...ttt st b e enes 13
1.3 1 BIOSIMITAIS ...ttt bbbttt et 13
1.3.1.1 BeNding the COSE CUMNVE .......ouiiiiiiitiieeee et 13

1.3.1.2 Approval of DIOSIMIIAIS ........coviiiiiieccc e s 15

1.3.1.3 Existing concerns regarding DIOSIMIIArS ..........ccccooiiiiiiieiiisi e 16

1.4 RESEAICN QUESTION ...ttt ettt ettt st e e be e be e be et e s beeaaesbestaenbesbeeseebesreensere e 17
1,40 SUD QUESTIONS ...ttt bbbtttk bbbt b bbb e n e 18

2. Multi-Criteria DeCISION ANAIYSIS ........ciiiiiiieci e 19
2.1 Background OF IMCDA . ...ttt ettt ettt e te et e e saeene e tesneeeesteeneesreeneennenneas 19
2.2 PaITWISE COMPATTSON ....vviiiietitieteste ittt b bbbt se bbbt bbb et e st e b e e sttt st e bt nn e 20
2.3 ANAIYEIC HIBIAIrCNY PrOCESS. ... i iueiiiiteeiiiteeee sttt ettt st e e seeene et sne e e e nbeaneesaeeseeneenneas 21
2.4 Application of MCDA and AHP in health Care ... 22
2.5 MCDA and DIOSIMITAIS ...ttt bt 23

Page | 4



I TR I = o | oY 0 S SS 24

K J0 = - Uod o o1 Lo USSP 24
Bi2 RESUITS ...ttt R E R R Rttt n e e n e 24
BB LIMUTALIONS ...t bbbt bt n e 26
A IMIBENOUS ... R Rttt n e r s 27
4.1 StUAY POPUIALION ...t e ettt b bt nn e nn e n s 27
S (10 |0 (= T o SRS 27
4.3 ODJECTIVES ...ttt bbbttt b R bR ettt Rt h e n e nen s 27
4.3.1 DECISION CIILEITA ...t ettt bbb et bbbt b et e bbb 27
4.3.2 DECISION AITEIMALIVES .......uiitiieiiieee ettt b bt 28
R © 1 1= o] o] [=To1 L= SO OS 28
4.4 ACQUISITION OF PIEFEIENCES .....c.viiitiieeee et 29
4.5 STAtISTICAL ANAIYSIS .. .ccviiiiiiiici et s be e be s e e e e be e b e s beete e besreere e resaeenrenres 30
4.5.1 Impact of additional INFOrMALION ..........ccviiiiiiiie s 30
4.5.2 PAINWISE COMPAITSONS. ...c.vttitititeteseeseesee ittt sttt e e se bbb bbbt e e e s e e bt et e b e bbb nner s 33
4.5.3 SUDGIOUD ANAIYSIS ...vvevviiiiciiiie sttt ettt ettt st et e et e sbeere e besreesteste e e e sreares 33
4.6 ETNICS ...ttt b bt b bt Rt bt b e nen s 33
5. LITEIALUIE FEVIBW ...tttk bbbt b bbbt bbbt et b e nn e an s 34
5.1 STUAY SEIECTION ...ttt bbb bbbttt bt 34
5.2 Characteristics Of INCIUAEU STUTIES...........oiviiiiiiieirici e 34
5.3 RESUILS ...ttt ettt ettt e bRt Rt enEe R e e te R e e benRe Rt e EeeRe et e nReentenre et aenrenre s 35
5.3.1 SUMMAIY OF BVIAENCE. ... .ocuiiii ittt et et e st e e be et s beesbeste e e e sreanes 35
5.3 L1 EFTECTIVENESS ...ttt bbbttt bbb 35

5.3 1.2 SAFELY ...ttt 36
5.3.1.3 IMMUNOGENICILY ...veivviiiiciicte sttt ettt et s re e ta e be s re e e e teenbesbestaesbesreeneenteens 37

5.4 CONCIUSTON ...ttt bbb bbb bbbttt et e e 37
B. RESUIES. ...ttt 38
6.1 INCIUSION OF FESPONUENTS ...ttt bbbttt bbb 38
6.2 Preferences of additional INfOrmation .............ccoiiiiiiiiiicc e 38
6.3 PrioritieS Of AECISION CIITEIIA . .........iiviriiiiieieiece ettt 39
6.4 SUDGIOUP ANAIYSES ... .ottt ettt ettt ee et et e s te et e tesaeene e beeneeneesteeneeseeeneennenneas 40
R @0 41T 3 (=] 00y VA L1 o PR 40
6.4.2 Chosen DIiological PrOQUCT ..........ooiiiiie e 41



R B = - Uod (o o1 ] PSS 43

8.5 OTNEI CIITEITA ...ttt ettt b et 44

T CONCIUSTON ...ttt b bbbt bbbt bbbt e e ettt b e bt b n e n s 45
7.1 ConClUSION PEI SUD QUESLION ......vviiiieieiecte ettt ettt st besreene e te s ae et e teesaesreeraenbenras 45
7.1.1 ConcluSion SUD QUESTION 1 .......couiiiiiiieieieeee e 45
7.1.2 CoNClUSION SUD QUESTION 2 ... 45
7.1.4 ConClUSION SUD QUESTION 3 .....cuiiiiiie ettt sttt et et s te e be e sreanes 45
7.1.5 ConCluSION SUD QUESTION 4 ... 46
7.1.6 ConClUSION SUD QUESTION 5 .....cviiiicec ettt e e te e sreene 46

7.2 CoNCIUSION FESEAICH QUESTION. ... .e.vitiiiteieiieii ettt bbbt 47

8. DHSCUSSION ...ttt bbb bbb bbb E bbbt bbb bbb et b b 48
RETEIENCES ...t bttt bbb b bRt R R R R bR et R e Rt bbb e 53
APPENdIX A: QUESTIONNEITE .....viivieieitecie ettt e s te e e st e s e e s besae e sbesbeesbesbeeteesbesreeeesteeneesreates 61
APPENTIX B LITEratUIE SEAICK ...ttt ettt b e nn e 69
Appendix C: Results of the iNdividual STUAIES ...........ccooiiiiiiiieiee e 70
Appendix D: Literature review effectiveness OUtCOME MEASUIES........ccvcvvereiierrereerieseeeesresreesresreseesrenes 78

Page | 6



List of figures

Figure 1 Predicted global cancer cases..........o.ouiiiiiiii i 8
Figure 2 Pairwise Comparison numerical reciprocal scale...................oooiiiiiiiiiinin. .. 19
Figure 3 Example of a pairwise CoOmpariSon MatriX........c.oouvueeriererneeneireeeeneeneaeeneenenns 21
Figure 4 SWing Weights Of CIIteria. ... ..vet i 24
Figure 5 Analytic hierarchy process structure including decision criteria and alternatives.......27
Figure 6 Combination of MCDA and DCEmodel..............cooiiiiiiiiiiiiiiiiee, 29
Figure 7 Response scale AHP. ...t 30
Figure 8 PBSC mobilization: number of PB CD34+ cells (10%kg body weight).................. 35
Figure 9 Change in baseline preference after providing additional data............................ 38
Figure 10 Subgroup analysis: differences in priorities per consistency ratio group................. 39
Figure 11 Box plots of the priorities per criteria per consistency ratio...............ocoeveveneennnn. 40
Figure 12 Subgroup analysis: differences in priorities per chosen biological product.............. 41
Figure 13 Box plots of the priorities per criteria per chosen biological product..................... 41
Figure 14 Subgroup analysis: differences in priorities per background.............................. 42
Figure 15 Box plots of the priorities per criteria per background....................cooiii 43
List of tables
Table 1 Differences between chemical and biologic drugs..............coooviviiiiiiiiii, 10
Table 2 Estimated savings of biosimilars in the United States...................ocooiviiiiiiiininn.. 13
Table 3 Ratio scale in pairwise COMPATISONS. ... ..ouiutrietretintetiteteeeteeeraeareearierarnanns 20
Table 4 Pairwise comparison matrix of the pilot study.........cccovviiiiiiiiiiiiiiiii e, 23
Table 5 Swing weights SUbZroup analysis...........ocoviviiiiiiiiririiiii e 24
Table 6 Additive MOdEL. ... 30
Table 7 Codes used for additive model............oiiiiiiiiiii 31
Table 8 Amount of information provided..............coooiiiiiiii i 31
Table 9 Characteristics Per fOCUS ZIOUD. . ...viuint ittt ettt erre e 33
Table 10 Sample size characteristics of the included studies................oooiiiiiii, 34
Table 11 Efficacy in PBSC mobilization: the number of peripheral blood CD34+ cells (x10%/kg

body WeIght). ... 34
Table 12 Outcome measures with outcomes related to safety..............cooeviviiiiiiiiiiiiininn, 35
Table 13 Outcome measures with outcomes related to immunogenicity............oeevvveniennnnnnn.. 36
Table 14 Additive model regarding the role of additional information corrected for baseline

0L (53 (S 1 Lot 37
Table 15 Regression table regarding the role of additional information................................ 38
Table 16 Pairwise comparison table findings.............oooeiiiiiii i 38
Table 17 Pairwise comparison matrix findings.............oovviiiiiiiiii i 38
Table 18 Overall priorities per CONSIStENCY Tatio GLOUP......vurertentententetententerteneeeeaaneenanns 39
Table 19 Overall priorities per chosen biological product..............cooeiviiiiiiiiiii i, 40
Table 20 Overall priorities per background..............ovvriiiiiiiiii e 42

Page | 7



Abbreviations and definitions

ACS
ACSCAN
AHP
BIO
CKD
CML
DCE
EMA
ESA
EPO
FDA
G-CSF
HVEGF
IMP
Incidence

MCDA
MDS
Mortality (rate)

NCI
PBSC
PML
PRCA
QoL
SMD
WHO

American Cancer Society

American Cancer Society Cancer Action Network
Analytic Hierarchy Process
Biotechnology Industry Organization
Chronic Kidney Disease

Chronic Myeloid Leukemia

Discrete choice experiment

European Medicines Association
Erythropoiesis Stimulating Agent

Epoetin alfa

Food and Drug Administration
Granulocyte colony-stimulating factor
Human vascular endothelial growth factor
Investigational medicinal product

“The total number of people that develop a particular disease/faced a particular

health-related event within a specified period of time”103

Multi-Criteria Decision Analysis
Myelodysplastic Syndromes

“The total number of people that died within a specified period of time, or

due to a particular cause”%

National Cancer Institute

Peripheral blood stem cell

Progressive Multifocal Leukoencephalopathy
Pure Red Cell Aplasia

Quality of Life

Small molecule drug

World Health Organization

Page | 8



1. Introduction

1.1 Background

1.1.1 Impact of cancer

Cancer is one of the leading causes of morbidity and mortality in the world. According to the World
Health Organization (WHO), the incidence of cancer was approximately 14 million in 2012 worldwide.
The global incidence of developing cancer differs between males and females. For males, there are 205
new cancer patients per 100,000 males worldwide. The incidence is slightly different for females, because
there are globally 165 new cancer patients per 100,000 females®. This can be represented by a
male:female incidence ratio of 10 versus 9, respectively?. In addition, approximately 8.2 million people
died as a result of cancer in the same year. Of every 100,000 males, 126 men died due to cancer. In
comparison, there were 83 deaths for every 100,000 females®. These results imply that there is a
male:female cancer mortality ratio of 10 versus 82. The expectation, however, is that the incidence will
increase with approximately 70 percent in the years ahead, resulting in a worldwide incidence of almost
24 million cancer patients a year in the next twenty years®. This increase in incidence is shown
graphically in figure 1%. Assuming that the mortality rates remain the same, this expected increase will
consequently result in a global increase of cancer related deaths.

Cases (millions)

25 World
20 Less
developed
15 countries
10
More
5 developed
countries
0

2012 2015 2020 2025 2030 2035
Figure 1 Predicted global cancer cases

Besides the fact that cancer is one of the leading causes of death among human beings, cancer has also the
“most devastating economic impact in the world®. In 2008, the global economic impact of cancer was
$895 billion. This impact is a result of the indirect mortality costs, which can be calculated by the loss of
productivity due to the disabilities and the premature deaths of cancer patients. Heart diseases have the
second most devastating global impact, with a total loss of $753 billion®. From this, it can be concluded
that the economic impact of cancer is almost 20 percent higher. It is important to note that this economic
impact does not even include the direct costs for cancer care. Including this costs would logically increase
the total economic impact of cancer even more. To exemplify this: in 2010 the total costs of direct cancer
care were approximately $125 billion in the United States alone®. The expectation is, however, that the
United States has to deal with a rise of the costs of direct cancer care to an amount of $173 billion in
2020. This means that the costs of direct cancer care will increase with almost 40 percent within one
decade’.
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Several reasons can be designated for this substantial increase of the costs of direct cancer care. First of
all, the United States has, like many other countries, to deal with both an ageing and growing population.
Therefore, the prediction is that the prevalence of cancer will increase. Another important reason can be
found in the fact that new technologies and treatments are developed, which are more expensive
compared with the current cancer therapies®. The last decades, small molecule drugs (or ‘chemical’ drugs)
were used in particular to prevent and to treat many diseases worldwide. Since the development of new
technologies and treatments, small molecule drugs (SMDs) were partly replaced by biological products
that had entered the market. A major and expanding role was and still is reserved for these so-called
‘biologics’. However, the development didn’t end after the introduction of these biologics. In recent years
it was found that it is possible to develop drugs that are said to be equivalent to those biologics in terms of
efficacy, safety and immunogenicity, at lower costs. These drugs are also known as ‘biosimilars’.

In this dissertation, it will be investigated if these biosimilars indeed might have the potential to reduce
costs, particularly in the field of oncology. Before it is possible to provide an answer to this statement, it
is essential to compare them with products that currently are used to treat cancer. Therefore, both small
molecule drugs, biologic drugs and biosimilars will be discussed.

1.1.2 Small molecule and biologic drugs

Before the introduction of biologics, small molecule drugs were seen as the medicines to prevent and treat
many diseases in the world. Their existence had a large impact on improving public health as well as
increasing the life expectancy of human beings. For example, in 1900 almost 33 percent of the fatalities in
the United States were related to tuberculosis, diarrhea and pneumonia. Currently, these three causes of
mortality are rare due to the fact that it is possible to prevent or to treat them with small molecule drugs.
In addition, the existence of small molecule drugs resulted, among others, in an increase of the life
expectancy of almost 30 years within one century (50 years in 1900 up to almost 77 years in 2000). It
can be stated that the introduction and usage of small molecule drugs had a significant impact on both the
life expectancy and the public health as a whole.

Although the substantial impact of small biologic drugs, biologics became the most important therapies to
treat complex, life-threatening diseases in the last decade®. Their development fundamentally changed the
treatments of, for example, diabetes, rheumatoid arthritis and anemia'**®, The development of biologics
also positively contributed to treatment of cancer. A biological therapy can encourage the immune system
of the human body to attack the existing cancer cells. To accomplish this, biologics in the form of both
vaccines and bacteria can be used. Thus, this usage of biologics, which is popularly referred to as
immunotherapy, acts against the existing cancer cells in an indirect way through the immune system?. The
use of biologics can stimulate the way the immune system is responding to the existing cancer treatment,
resulting in “stopping, controlling or diminishing the process that allows the growth of cancer cells”®.
Biologics can also offer the possibility to treat cancer in a direct way. In that case, the biologics will
disturb the molecules which are affecting the growth of the tumor itself.

The use of (monoclonal) antibodies, cytokines and recombinant DNA products are examples of such
‘targeted therapies’®. The fact that biological therapies can treat cancer directly by primarily focusing on
the cancer cells in the human body, makes them particularly accurate and personalized. Consequently,
less healthy cells will be affected by the use of these biological therapies. The possibility that a patient
experiences side effects as a result of the cancer treatment they received, can therefore be reduced by
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using biologics. Thus, the goal of biologics can be to destroy the cancer cells, or to minimize potential
side effects of cancer therapies such as chemotherapy®.

When small molecule, chemical, drugs are compared with biologics, several differences can be described.
The most important difference between these medicines can be found in the way they are manufactured.
Small molecule drugs consist of chemicals and are developed through chemical synthesis. That implies
that drugs are made “by combining specific chemical ingredients in an ordered process™**°, Biologics
are, however, manufactured using components derived from living organisms’. Their main differences
are summarized in table 1:

Small molecule drugs Biologic drugs \
Made by chemical synthesis Made by living cells
Defined structure Heterogeneous structure
Mixtures of related molecules
Easy to characterize Difficult to characterize
Relatively stable Variable
Sensitive to environmental conditions
Usually taken orally Usually injected
Often prescribed by a general practitioner Usually prescribed by specialist

Immunogenicity
Table 1 Differences between chemical and biologic drugs?®

1.2 Problem definition

1.2.1 Biologics and their concerns

1.2.1.1 Costs

One of the reasons of the increase of health care costs is the rise of the cost of cancer therapies. In the
United States, about 70 percent of the sales of anticancer drugs relate to products which have been
developed and introduced only in the previous 10 years. Many of these anticancer drugs are biologics or
biological treatments. Biologicals are extremely expensive because of, among others, their entitlement to
patent protection and their complex manufacturing process. Within a year from now, biological
treatments will cover five out of the ten most expensive medication expenses. With regard to cancer
treatment, 40 percent of the therapies consists of biologic drug treatments. This 40 percent is equivalent to
a total of $100 billion in drug sales worldwide'®. Besides, the manufacturing of biologic drugs is far more
expensive than the manufacturing of SMDs. The reason for this difference can be found in the fact that,
because of its complexity, the fixed production- and facility costs, and the costs of the required clinical
trials are much higher?®.

The costs of cancer care are, partly due to biologics, an important reason for the ever-increasing costs of
health care in a majority of the countries in the world. In the United States alone, the increasing treatment
costs per individual cancer patient are the main reason for the increased health care costs of the whole
country?. Not uncommon are cost-effectiveness ratios that exceed the thresholds which are widely
accepted (“$20.000 up to $30.000 per QALY in the UK, US$50.000 up to US$100.000 per QALY in the
US”)%. Besides that, it is predicted that the spending on health care will increase with 6.2% annually up
to the year 2018 in the United States, due to both the ageing population and the predicted increasing
prevalence of cancer®. This implies that in 2018 the total amount of money spend on health care will be
approximately $4.4 trillion in the US?2 Since it is predicted that the prevalence of cancer will increase, it
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can be expected that the labor force will decline since a greater proportion of the population will suffer
from cancer. Consequently, there will be a loss of productivity and an increase in (in)direct mortality
costs. The expected increase in incidence of cancer, in combination with the rising costs of both the loss
of productivity, the costs of (direct) cancer treatments and the total amount of money spend on health
care, will result in a non-sustainable trend?.

1.2.1.2 Safety and immunogenicity concerns

Biologics might be more accurate and personalized than small molecule drugs, their complexity makes it
more difficult to develop them. Even a small modification during the manufacturing process could
seriously affect the structure of the drug, resulting in both potential safety and effectiveness issues for
every individual patient!®. Modifications in the structure of the drug could trigger the immune system to
attack it, because the substance might be recognized as being foreign to the human body. This response is
also referred to as ‘immunogenicity’. Immunogenicity often results in tachyphylaxis, which signifies that
the efficacy of the product decreases?*. The reason behind this is that the antibodies the human body
creates during the immune response, could ensure that the drug won’t be effective in any further intake®.
The possibility exists that patients develop an allergic reaction towards the natural proteins that their own
body produced, which could even worsen their situation and health state?®. The goal of a biologic is to
stimulate cells to produce proteins, which in turn should attack the cancer cells. Differences within the
structure of these proteins could, however, induce unwanted or unforeseen cell behavior, altered
effectiveness and insolubility?®. As a consequence, these cells could produce different molecules or
proteins which are not interchangeable to the proteins that should have originated. When the drugs are not
equivalent to the original biologic product, different clinical outcomes may arise between patients that
take the drug®. Currently, however, no procedure exists that shows the effectiveness and safety of the
biologic drugs in advance®®.

In the last decades, several problems with biologics were reported regarding safety and immunogenicity
issues. Examples which show the consequences that modifications can have during the manufacturing
process, are Epogen and Eprex. These biologics were prescribed to patients that suffered from anemia,
which means that there is a low number of red blood cells in the patients’ blood. Anemia can be a result
of kidney failure, or it can appear in cancer patient as an adverse reaction of, for instance,
chemotherapy?’. Both Epogen and Eprex were made from erythropoietin and the same technology was
used, but their manufacturing process slightly differed. This difference expressed itself through very
diverse clinical outcomes in the patients that received them?®, It was noted that both drugs could lead to
pure red cell aplasia (PRCA), which means that the patients become allergic to the protein epoetin that the
human body produces itself. The prescription of Epogen resulted in 5 of these cases between 1998 and
2004. The use of Eprex, however, resulted in 175 cases of this severe adverse reaction in the same time
period?®. This substantial difference between both biologics might have been caused by the difference in
the manufacturing process, which clarifies that even the smallest modifications can have a tremendous
impact on clinical outcomes.

There are more examples to mention which indicate that safety concerns regarding biologics are not
without reason. The biologic Bentuximab Vedotin (BV) appeared to be effective as a treatment for,
among others, relapsed Hodgkin lymphoma®. According to a research of Gandhi and this colleagues,
however, there is a chance that patients receiving this biological treatment could develop pancreatitis®.
The use of Bentuximab could also potentially result in progressive multifocal leukoencephalopathy
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(PML), which is a ‘virus-induced central nervous system infection’3!. It was found that five patients, who
suffered from lymphoid malignancies and were treated with Bentuximab, developed PML after a certain
period of time. Four of these five patients died because of this adverse reaction®!. Although this research
only consisted of five patients, the seriousness of the adverse reaction should increase the awareness
among clinicians, physicians and the pharmaceutical industry.

Even though only two examples of adverse reactions are described, it is beyond question that the
manufacturing process of biologics is of great importance for the clinical effects it can have on patients.
The manufacturing process is, however, the most difficult part due to the use of living cells. When the use
of biologics in (cancer) care continues, health care professionals should take into account their potential to
result in safety and immunogenicity implications. Biologics are, however, in their turn more accurate and
personalized when compared with small molecule drugs, and they changed the treatments of life-
threatening diseases fundamentally. If biologics should be used in order to deliver the best health care
possible, the patients that receive them should be monitored closely to reduce the severity of potential
adverse events.

1.3 Potential solution
1.3.1 Biosimilars

1.3.1.1 Bending the cost curve

The use of biologics has several benefits, but their usage is incredibly expensive and differences in the
manufacturing process may cause serious side effects. The fact that a number of biologics will reach their
patent expiration date at a relatively short notice, can offer the opportunity for other drug therapies. A
new method to manufacture drugs that might be promising, could be the introduction and implementation
of copied versions of these biologics. These copies are also referred to as biosimilars, or “similar
biological medicinal products”®?. The Food and Drug Administration, abbreviated the FDA, defines
biosimilarity as follows: “the biological product is highly similar to the reference product notwithstanding
minor differences in clinically inactive components™, In addition, biosimilarity implies that “there are no
clinically meaningful differences between the biological product and the reference product in terms of
safety, purity, and potency of the product™2. Thus, a biosimilar can be seen as a biologic product that is
approved and of which the quality, safety and efficacy can be compared to the reference product®*.

The main reason why it is said that biosimilars are promising, can be found in the fact that it has the
potential to reduce the costs of oncology as well as the health care as a whole. Several studies concluded
that the implementation of biosimilars could result in total costs savings of the health care in the United
States by $1 up to even $108 billion. Andrew W. Mulcahy and his colleagues performed a literature
review regarding the potential cost savings of biosimilars and summarized all these findings into a table®,
which is presented on the next page. According to this literature review, the use of biosimilars could
result in reduced unit prices of 10 up to even 50 percent.
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Time Frame

Price reduction

Approach

Savings

Grabowski et al., Economic model 6 major categories | 2009-2019 12% to 20%, $10 billion (2.4%
2007 as applied in of biologics, top varies by product | of baseline
Goodman et al., 20 biologics by spending)

2009 (base case) sales only, all

payers

Grabowski et al., Economic model 6 major categories | 2009-2019 12% to 40%, $1 billion to $44

2007 as applied in of biologics, top varies by product | billion (0.2% to

Goodman et al., 20 biologics by 10.5% of baseline

2009 (sensitivity sales only, all spending)

analyses) payers

Ahlstrom et al., Actuarial model Federal payers 2008-2017 10% to 51%, $3.6 billion (0.6%

2007 (Avalere only varies by product = of baseline

Health) and increasing spending)
over time

Engel and Novitt, | Actuarial model Excludes 2007-2016 Unknown $14.4 billion

2007 Enhanced Primary

Care, Medicare
Part B only
(office-based,
physician-
administered
biologics)

Miller and Houts, = Actuarial model Select markets, all | 2007-2016 25% $71 billion

2007 (Express commercial (baseline not

Scripts) payers reported)

CBO, 2008 Actuarial model All biologics 2009-2018 20% to 40%, $25 billion
varies per product | (baseline not
and increasing reported), $7
over time billion of which

accrues to the
federal
government

Shapiro et al., Actuarial model Top 12 biologic 2010-2019 25% to 35%, $67 billion to

2008 classes varies by $108 billion
assumption

Table 2 Estimated savings of biosimilars in the United States®

It is expected that by 2018 many biologicals will reach their patent expiration date in both Europe and the
United States. The total amount of money these biologicals are worth in sales lies between $64 and $67
billion worldwide. A few of these biologicals are developed to treat patients who suffer from cancer. One
study predicts that in Europe approximately €1.6 billion can be saved annually in direct cancer treatment
costs, when biosimilars will replace a number of the biological drugs that will expire by 20162°. Besides,
the costs of biosimilars can be 10-51 percent lower in comparison with their reference biological drug®.
Within 20 years, the amount of money saved in pharmacy drugs in the United States can reach up to $378
billion?°. Therefore the assumption is made that biosimilars can be seen as a potential solution to bend
down the cost curve of oncology and health care as a whole.

These potential estimated savings on national level are interesting for the government, health insurance-
and investing companies. On patient level, the implementation of biosimilars can also be very valuable
with regard to the financial access to healthcare. The fact that biosimilars are less expensive in
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comparison with biologicals enables cancer patients, who could not afford the biological drug, to receive
a comparable, less expensive treatment option®. As a result, more patients have access to the biosimilar
version of the drug. It is stated that biosimilars are similar with regard to quality, safety and efficacy when
they are compared to their reference product. Consequently, when an increased number of patients have
access to the biosimilar due to lower costs, an improvement in public health and health outcomes could be
realized. Eventually, positive effects in terms of cost-effectiveness could be established. In addition, the
fact that biosimilars are less expensive results in a reduction of opportunity costs'’. This reduction can, for
example, provide patients with the possibility to obtain additional cancer treatments to enlarge the chance
of survival, or result in a better quality of life.

1.3.1.2 Approval of biosimilars

In 2007, biosimilars were used for the first time in Europe and India®. Since then, an increase in the
number of countries where biosimilars entered the market can be noticed. Besides several countries in
Europe, many countries in Asia such as Japan, China and South Korea adopted biosimilars in their
pharmaceutical industry. One very important player on the market was missing: the United States.
Between 2007 and 2014, the European Medicines Association (EMA) approved a total of 21 biosimilars.
A number of these biosimilars were primarily developed to treat cancer. The FDA approved its first
biosimilar, Zarxio ®, in the United States by 20148, Therefrom, it can be seen that there is a difference in
the approval of biosimilars among the organizations which are responsible for this process. An example
that demonstrates this difference is the time a biologic drug, the so-called reference product, needs to be
approved before the EMA and the FDA will allow biosimilars on the market. According to the EMA, a
sufficient time period to allow biosimilars on the market is when a biologic is approved for at least 10
years. The FDA, however, considers a time period of at least 12 years after approval to be appropriate.
Second, where the FDA did not yet decide on allowing interchangeability —the automatic substitution of
an innovator product for a follow-on product™® - the EMA decided not to evaluate it at all*®. Besides, the
introduction of the European Public Assessment Report requires pharmaceutical companies to publicly
report the findings regarding the comparability of the biosimilar with its reference product. There is no
such regulatory requirement in the United States. As a result, chances are that patients and their
physicians are not aware if any manufacturing modifications have been carried out®. In summary, it
should be noted that the policy regarding the approval of biosimilars differs between different instances
and different countries.

In the United States, the use of biosimilars is blocked by the presence of obstacles which are of regulatory
and legal manner. An obstacle of great importance is the fact that clinical trials are required to include
larger sample sizes compared with generics?®. If one looks at the biosimilars that are approved by the
EMA, it is apparent that the evidence that was used for their approval can be considered as limited. In
general, most of the biosimilars are approved after a relatively small number of studies had been
performed, ranging from a minimum of only two to a maximum of eight studies. The biosimilar
Follitropin alfa, for instance, is approved after two studies were performed concerning only the primary
indication of the drug®. In addition, these studies did not include large sample sizes. The sample sizes
ranged from a minimum of 51 patients up to a maximum of 922 patients. With reference to frequent and
common problems regarding the safety and immunogenicity of a drug, these sample sizes are powerful
enough. However, to identify potential uyncommon problems that can be associated with the use of a
particular drug, a sample size of 300 up to 3000 patients is necessary*!. With a mean sample size of 351
participants among the studies included, it is improbable that uncommon safety and immunogenicity
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problems would and will be detected. A requirement for approving biosimilars is that there is at least one
study performed, which compares the biosimilars with the biologic with regard to equivalence. These
studies must be able to demonstrate the equivalence in terms of safety, efficacy, immunogenicity,
pharmacokinetics and —dynamics!®?%, When these requirements for approval of biosimilars are taken into
account, it should be emphasized that the EMA does comply with these required conditions before they
approved the biosimilars. It can, however, be stated that a smaller number of patients were treated before
approval of biosimilars, compared with the number of patients that were treated before biologic therapies
were approved.

In addition, there is indistinctness regarding the regulations of biosimilars. In 2012, the FDA did compose
a so-called draft guidance with regard to the uptake of biosimilars. There were and are, however, still
many disagreements about the adoption of regulatory standards among the members of the FDA®. There
is also a notable variation in the uptake of biosimilars among the countries that have approved their usage,
partly due to the way their health system is organized. The way countries reimburse and incentivize the
use of biosimilars, in combination with the existence of variation between the different health care
institutions, resulted in diverse outcomes between and within countries®. Besides, health care
professionals are not aware when to prescribe a biosimilar drug, because of the fact that the policy
regarding the prescription of biosimilars is still very limited. The remaining uncertainty and the presence
of these differences results in serious delays in both the development of the market and the approval of
biosimilars®.

1.3.1.3 Existing concerns regarding biosimilars

Even though biosimilars have the potential to bend down the cost curve of oncology by at least 10
percent®, their actual uptake appeared to be less evident than expected**®. This can be explained by the
fact that both patients and healthcare providers are not confident about the efficacy, safety and
interchangeability of biosimilars compared with their reference product®. Similar to biologics, biosimilars
are developed using components which are derived from living organisms. This indicates that their
manufacturing process is highly complex. The difficulty of producing biosimilars makes it a relatively
expensive undertaking for pharmaceutical companies. Even though biosimilars have the potential to result
in cost savings, pharmaceutical companies may decide not to take the risk if it is uncertain whether or not
they will be used. Furthermore, biosimilars are no exact duplications of biologics due to modifications
and differences in the (environment of the) host cell. Already conducted research with regard to biologics
has shown that even a small modification during the manufacturing process can cause severe adverse
events in (cancer) patients. Variability in the manufacturing process is, however, inevitable due to its
complexity. Thus, biosimilars will never be perfectly equivalent to their reference products. It should,
however, be noted that the same applies for the production of biologics. No single production of a
biologic is perfectly the same to the previous produced biologic. This does not necessarily imply that its
quality is inferior or superior to the previous one*, but in some cases (manufacturing) differences did
result in serious adverse events.

The production of biosimilars is inextricably linked to complexity and variability. The fact that there
might be differences in the development and, consequently, potential variations in the structure of
biosimilars results in the presence of concerns among physicians, researchers and decision makers.
According to M. Weise and her colleagues, oncologists in particular are reticent in prescribing biosimilars
to their patients*2. Although the FDA states that a drug can be called a biosimilar only when it does not
differ meaningfully from its reference drugs, and the process regarding the approval of biosimilars is strict
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and critical*’, stakeholders are not confident that they will have similar characteristics*. Currently, the
number of studies that provide post-marketing data regarding effectiveness, safety and immunogenicity of
biosimilars in oncology is limited. Although pharmaceutical companies face more data requirements in
comparison with generic drugs, stakeholders remain concerned. Solely randomized controlled trials
(RCTs) are able to determine the actual efficacy and safety of biosimilars, but post-marketing RCTs are
currently rarely performed. The EMA and the FDA, however, underscore the necessity for post-marketing
studies and post-marketing surveillance regarding biosimilarity?*. Before stakeholders will be convinced
that biosimilars are comparable with or perform even better than biologics, more scientific research
should be performed. In addition, it should be noted that the preferences with regard to the uptake of
biosimilars might differ between the different stakeholder groups, due to their various interests. To
exemplify this, it can be expected that health insurance companies prefer that biosimilars are implemented
on a short-term, because of their potential for cost savings. Physicians, however, are likely to have more
concerns regarding their efficacy and safety. The preferences of pharmaceutical companies about
biosimilars will depend on their financial interest whether or not to implement biosimilars in the market.
For that reason, it is interesting to investigate if the preferences regarding biosimilars do differ among
different stakeholder groups.

In summary, there are reasons why biosimilars are not used as intensively as possible. Currently, post-
marketing data regarding biosimilars is limited. In addition, there are notable differences between the
approval of the EMA and FDA and the policy for prescribing biosimilars is also restricted. Besides,
stakeholders, and in particular oncologists, have concerns about the equivalence of biosimilars compared
with the originator, biologic drug. Biosimilars, however, do have interesting advantages. The main
advantages are that it has the potential to lower the ever-increasing costs in oncology and that it could
increase the possibilities for patients to receive affordable (cancer) treatment. The actual role that
biosimilars might play in oncology and the health care system as a whole is, however, utterly dependent
on how clinicians assess them. Thus, before a significant uptake of biosimilars can be expected, a
contribution to the current scientific knowledge regarding stakeholder preferences is required.

1.4 Research question

Although biosimilars have the potential to lower costs in oncology and could enlarge the possibility for
patients to receive treatment options that are less expensive, several questions remain unanswered
regarding whether or not stakeholders are willing to use biosimilars and how they will evaluate their
(potential) effects. If the patient is interested in the use of biosimilars, he or she will still be dependent on
the choices of their physicians, pharmacists and payers such as health care insurance companies®. If these
stakeholders remain uncertain about effectiveness, safety and immunogenicity of biosimilars, or just
prefer the biologic drug in relation to brand loyalty, a bright future for biosimilars cannot be expected.

Prior to this research a pilot study has been performed. The outcomes of this pilot study were, mainly
because of its small sample size, not generalizable. This implies, in combination with the uncertainty
about biosimilars in oncology according to stakeholders, that (additional) research is needed to investigate
what evidence and (post-marketing) data are important before stakeholders are possibly willing to switch
from original biologics to biosimilar drugs. Since both the similarity and the concerns of stakeholders
relate to the effectiveness, safety and immunogenicity of biosimilars, the aim of this research is to
investigate the importance of these factors, including cost savings, according to stakeholders in oncology.
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Thus, by means of this research it is aimed to elaborate on the distinction between both the intentions as
well as the revealed and elicited preferences of stakeholders. To investigate this distinction, this research
will focus upon providing an answer on the following research question:

“Which preferences do stakeholders in oncology have about cost savings and post-marketing data in
terms of effectiveness, safety and immunogenicity with regard to the uptake of biosimilars in the
Netherlands? ”

1.4.1 Sub questions
In order to provide an answer to the research question, several sub questions are formulated:

1.

What is known in the current scientific literature about the equivalence of biosimilars in oncology
compared to their reference biological in terms of effectiveness, safety and immunogenicity?
Which preferences do stakeholders in oncology have regarding the use of biosimilars compared
with the use of original biologics in terms of effectiveness, safety, immunogenicity and costs?
What are the differences in preferences regarding the use of biosimilars in oncology in terms of
effectiveness, safety, immunogenicity and costs when different biosimilars are taken into
account?

What are the differences in preferences regarding the use of biosimilars in oncology in terms of
effectiveness, safety, immunogenicity and costs when different stakeholder groups are taken into
account?

What are the differences in preferences regarding the use of biosimilars in terms of effectiveness,
safety, immunogenicity and costs when compared with the pilot study?
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2. Multi-Criteria Decision Analysis

In order to provide an answer to the research question of this dissertation, a Multi-Criteria Decision
Analysis (MCDA) will be performed. In this chapter the rationale of the MCDA and its value in health
care decision making will be described.

2.1 Background of MCDA

Before a new drug will be marketed, there are several actions that need to be preceded. In fact, there is a
variety of decisions that policy makers and regulatory authorities need to make before the new drug will
be available in clinical practice. It is difficult to make these decisions, because in many cases they are
very complex, versatile and they might even conflict with each other®, During this process of
consideration, decision-makers have to take a large number of different criteria into account. These
criteria include, for instance, the cost-effectiveness of the new drug, evidence on both the benefits and the
risks of using the new drug, the disease severity and the context in which the drug will be used®. Besides,
marketing and using a new drug involves a variety of different stakeholder groups, among which
perspectives, opinions and interest are likely to differ. It is said that decision-makers tend to focus upon
single criteria, where they actually have to deal with a large number of criteria and stakeholder interests at
the same time®2. To be able to make the best decision with reference to all the available, complex
information, an approach is required which “integrates all factors considered by decision makers in
practice, spanning clinical, economic, social, organizational, ethical, and legal dimensions™®,

Multi-Criteria Decision Analysis, or MCDA, is an approach that is able to support decision-makers to
convert the variety of complex, conflicting criteria into a comprehensive, simplified representation of
these criteria. MCDA is namely an analytical method that offers the possibility to help decision-makers
evaluating a number of alternatives, while taking into account different performance criteria®. A great
advantage of MCDA is, therefore, that it makes the decision process more transparent. Pharmaceutical
companies that are developing new drugs need both qualitative and quantitative information about the
relative value the new product might have to decision-makers. This information can help them to design
an accurate development plan and marketing strategy®*. MCDA offers the possibility to obtain
guantitative information about the potential value of new drugs. On the basis of this information a benefit-
risk assessment of the new drug can be performed. This information can be of great value for the decision
making of pharmaceutical companies whether or not to (continue to) develop the new drug®®®’. A
decision-making process which includes the MCDA method, consists of various aspects. The first aspect
relates to the alternatives among which the decision needs to be taken. Second, the performance criteria
are needed, among which the alternatives need to be evaluated. Third, the respondents needs to value the
performance criteria of the different alternatives, to obtain a score that reflects these values. According to
these scores, one is able to calculate the weighted score per criteria. This enables the potential to compare
the different criteria and alternatives with each other with regard to their perceived importance and
value®®. To execute the MCDA method properly, the criteria and information provided in the method need
to be “accessible, differentiable, abstractable, understandable, verifiable, measurable, refinable and

usable”®.

Currently, the MCDA approach that is used the most, is the weighted sum approach®®. The idea behind
this approach is comparable with the general usage of the MDCA. First, different scales will be
constructed, which represent the preferences for the number of alternatives. The next step is to weight
these scales, to obtain their so-called relative importance. This is necessary, because of the fact that the
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relative importance of the various criteria is likely to differ between different decision makers and
different countries®. With reference to the relative importance, the weighted averages can be calculated.
These weighted averages represent the final weight for every single alternative®. Thus, the weighted
averages of each alternative show the degree of preference for that particular alternative. A strong
preference for an alternative will be reflected by a higher score, whereas alternatives with a small
preference will logically have a lower score®2,

2.2 Pairwise comparison

MCDA is a term that encompasses a plurality of different weighting elicitation techniques. As stated
before, using weighting within MCDA offers the possibility to determine the priorities of respondents
with regard to the different performance, decision criteria. This implies that it is very important to choose
the weighting technique that is able to distinguish the most important criteria from those that are assumed
not to be of great importance. The ability of a technique to determine the priority of the different criteria
is also referred to as the ‘discriminative power’®?. The weighting techniques that are most commonly used
are (1) the five point rating exercise, (2) the best worst scaling, (3) the pairwise comparison and (4) the
ranking exercise. According to the study of van Til and her colleagues (2014), all four techniques have
the ability to discriminate the criteria according to their perceived importance. The pairwise comparison,
however, had the highest discriminative power of the four options. Therefore, pairwise comparison is said
to be of greatest value in prioritizing different criteria and alternatives, when higher discrimination of
criteria is required. In addition, almost three quarters of the respondents (74 percent) indicated that they
preferred using the pairwise comparison method®®. Besides, using pairwise comparisons is said to be one
of the better ways to identify respondents’ preferences®?. Although this are the conclusions of only two
studies, pairwise comparison can be seen as a valuable technique for the elicitation of weights.

According to Saaty and his colleagues (2011), something can be called a judgement if two different
components are compared with each other. The (cardinal) pairwise comparison utilizes these judgements,
because respondents are asked to compare two different performance criteria on a numerical scale, which
is reciprocal. Thus, using this scale enables the possibility to convert judgements into numerical values®?,
making decision making a mathematical knowledge®*. The ratio scale offers the respondent 17 different
possibilities to answer the question, ranging from extremely preferring criteria A (a score of 9) to
extremely preferring criteria B (also a score of 9). When both criteria are perceived to be of equal
importance, the respondent has the possibility to answer with a score of 1. Figure 2 clarifies this 1-9
reciprocal ratio scale, by providing a schematic illustration®s:

Very —
Strong Strong Moderate gy, Moderate Extremd

Extreme = g
Strong  Strong

Figure 2 Pairwise Comparison numerical reciprocal scale®
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The meaning of each score is provided in the following table:

Value Meaning

1 Equally preferred

3 Moderately preferred

5 Strongly preferred

7 Very strongly preferred
9 Extremely preferred
2,4,6,8 Intermediate values

Table 3 Ratio scale in pairwise comparison®®

To investigate the theoretical and empirical validation of this scale, various studies are performed. One
can see articles published by Saaty®”®8, among others, for examples that ratify and validate the usage of
this 1-9 reciprocal scale.

2.3 Analytic Hierarchy Process

The Analytic Hierarchy Process (AHP) is one of the most commonly used MCDA techniques, when
multiple criteria are involved in the process of decision-making. This technique is already applied in a
various number of studies and proved to be of great value in helping decision-makers during complex
conditions®®. The reason for its wide use, is that this quantitative technique has several advantages. One of
the main advantages of the AHP is that it nearly always (in approximately 75 percent of the cases) uses
the pairwise comparison technique®. Other advantages of the AHP are that (1) it is easy to use, which
results in a user-friendly technique, (2) it is valuable when the preferences of respondents are likely to
vary widely, (3) it can help decision-makers when clinical evidence is not (yet) available and (4) it uses a
consistency test to correct for any inconsistent answers>*%7°, However, one is not only full of praise
about the AHP in complex decision making. A critique is, for instance, that there is a risk of so-called
‘rank reversal’. Rank reversal can occur when performance or decision criteria are added or removed,
potentially resulting in making different decisions™. In addition, pairwise comparisons are said to be
arbitrary and highly subjective. These latter points, however, have been convincingly refuted®. Despite
the presence of this criticism, researchers and decision-makers remain continuously interested in the use
of the AHP. Therefore, it can be argued that the advantages of this technique outweigh its critiques.

There are several steps that need to be followed before decisions can be made with regard to the AHP
technique. These steps are conceived by Thomas L. Saaty (2008), who is also the inventor of this theory.
The first step is to describe both the problem and the knowledge that is required to be able to make the
decision. This step is followed by composing the decision hierarchy. The summit of this hierarchy shows
the purpose of the decision. The layers below represent the decision criteria and the decision alternatives.
With regard to this hierarchy, the pairwise comparisons can be drafted. Respondents are asked to compare
the decision criteria in pairs. With reference to these comparisons, one is able to determine the relative
importance of one criteria as compared to the other. According to the obtained relative importance of all
the decision criteria, a pairwise comparison matrix can be established’. Figure 3 illustrates how such a
matrix looks like™.
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X 1 9 3
Y 1/9 1 1/3
z 13 3 1

Figure 3 Example of a pairwise comparison matrix®?

From this matrix, it can be seen that three different decision criteria are compared with each other. With
respect to the goal, criteria X is assumed to be 9 times (or extremely) more important than criteria Y, and
3 times (or moderately) more important than criteria Z. Besides, criteria Z is assumed to be 3 times more
important than criteria Y. However, these numerical values don’t provide any information about the
relative weights of the three criteria compared to each other. To calculate the relative weights of each of
the items, the (normalized) eigenvector, or priority vector, can be used. This vector offers the possibility
to numerically rank the alternatives with respect to their perceived preferences. The vector can also
“reflect intensity or cardinal preference as indicated by the ratios of the numerical values”’*. To be able to
compose the most preferred decision with reference to the numerical values and weights as a result of the
group decision making process, it is required to calculate the geometric mean. It is shown that the
geometric mean is a mathematical way to translate multiple individual judgements into one judgment,
which represents the overall set of preferences. The geometric mean makes it also possible to convert all
the different individual ordinal preferences into a comprehensive ordinal group preference’?.

Before reliable conclusions can be drawn, it is necessary to investigate if the obtained judgments are
consistent. To clarify consistency in the setting of AHP, an example will be provided. Suppose that
criteria A is perceived to be 3 times more important than criteria B, and that criteria B is found to be 3
times more important than criteria C. A consistent pairwise comparison between criteria A and criteria C
should be that criteria A is perceived to be 6 times more important than criteria C. However, it is not
uncommon that respondents make inconsistent judgments®. Therefore, the AHP includes a so-called
consistency test which is able to correct for the presence of inconsistent answers. If the level of
inconsistency is perceived to be high, it is important to revise or remove those judgments. It is said that
the consistency ratio must be lower than 0.10, before it is acceptable to include the judgments into the
decision-making process®®™,

2.4 Application of MCDA and AHP in health care

Multi-criteria decision analysis and the analytic hierarchy process are already applied within the decision-
making process in various application fields. The technique is, for instance, frequently used in the public
administration setting. The Department of Defense of the United States makes, for instance, extensive use
of the AHP in allocating their resources among various operations. In addition, the AHP is also used by
British Airways in the 90s of the previous century for selecting the provider of the entertainment system
in their airplanes. The AHP is even applied by motor companies like Ford to increase the contentment of
their clients, and in the sporting business in the decision whether or not to retain (baseball) players’. In
contrast, ten years ago the usage of this decision-making technique was still limited in the health care
setting®2. The usage of the analytic hierarchy process has, however, increased during the years. A
literature review performed in 2011 reviewed a total number of 93 articles that focused upon the usage of
the AHP technique in the health care setting>. Therefrom it can be stated that the application of MCDA in
the health care setting increased substantially in a relatively short period of time. Its usage is found to be
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valuable during complex decision-making processes, which might increase the uptake of MCDA in the
context of health care even more.

In order to demonstrate the value of MCDA and AHP in health care, a study will be described in which
these techniques were used to support the process of decision-making. This study, performed by Hummel
and her colleagues (2013), investigated the preferences among Dutch men and women with regard to
screening techniques for colorectal cancer™. With reference to the results, it was aimed to increase the
intention to attend at the screening program among Dutch citizens. One can see the published article by
Hummel and her colleagues™ for the findings. The results of this study showed the preferences of Dutch
citizens with regard to colorectal cancer screening. When one takes these preferences into account, the
intention to attend to this screening program could potentially increase. For that reason, the findings of
this study can be valuable in the decision-making of the technique to choose in this colorectal cancer
screening program. This is only one example of a study that indicates that using multi-criteria decision
analysis has the potential to numerically show preferences of relevant stakeholders to enlarge the
transparency. Using both MCDA and AHP can therefore be valuable in the decision-making process in
the variable, complex health care setting.

2.5 MCDA and biosimilars

It is questionable whether or not biosimilars will be marketed widely in the (near) future. In fact, the case
of biosimilars can be seen as a complex health care issue in which multi-criteria need to be considered.
Although chances are that developing biosimilars is profitable for the pharmaceutical industry, e.g., their
development costs remain high and the usage of biosimilars is not guaranteed. Therefore, it is risky for
these companies to enter the market. In addition, there might be interesting advantages of the
implementation of biosimilars in health care, there are also concerns that are not insignificant. Both these
benefits and risks can be regarded as a number of decision criteria. With reference to these criteria, it is
possible to establish pairwise comparisons. Thus, it is conceivable to perform a multi-criteria decision
analysis with the analytic hierarchy process in order to determine the potency of biosimilars. On the basis
of these techniques, one is able to determine preferences among various stakeholders involved with the
adoption of these newly-manufactured drugs. By means of this decision-making technique it is possible to
inform stakeholders about the uptake of biosimilars while it is still in its early stages.

Currently, MCDA has not yet been applied to evaluate the potential of biosimilars. At this moment there
is only a very small number of studies that even focused upon tracking down opinions of stakeholders
regarding biosimilars. One of the few studies that actually aimed to determine opinions of stakeholders
about biosimilars, only included rheumatologists to fill in the questionnaire. Thus, it can be stated that
the current available literature concerning stakeholders’ opinions about biosimilars in oncology is limited.
Since the debate on the adoption of biosimilars continues, a multi-criteria decision analysis including
various stakeholder groups might be valuable to actually evaluate the potential of biosimilars on a large
scale. Performing a MCDA is not only useful to elicit the preferences of stakeholders, it also provides
valuable (quantitative) information regarding the various decision criteria. Thus, using MCDA enables
one to enlarge the transparency. Besides, the results of a MCDA can be valuable for the pharmaceutical
industry whether or not to develop biosimilars and which marketing strategy to use. Finally, it can
positively contribute to the current scientific knowledge.
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3. The pilot study

3.1 Background

Prior to this research, a pilot study is performed in which a MCDA is used to determine preferences of
biosimilars regarding their uptake. In this study, use was made of a case example, followed by preference
guestions, swing weighting questions and demographic questions. Questions regarding the use of biologic
drugs and potential experiences with adverse events were also asked, to determine if these experiences
could possibly have had an impact on the answers given. With reference to these results, one was able to
establish the pairwise comparison matrix and to calculate the geometric mean, or the ‘mean weights’. The
respondents were identified by the members of the study team. This process continued until a
convenience sample size was identified. The final target population consisted of respondents from the
Netherlands (N=24), the United States (N=21) and Germany (N=24). The respondents were asked to fill
in an online questionnaire, which was prepared in LimeSurvey. The link to this questionnaire was
provided by e-mail. The preference questions made use of pairwise comparisons. Respondents were asked
to fill in the extent to which they preferred to use a reference biological or a biosimilar. For each of these
pairwise comparisons they were asked to take into account other decision criteria (costs, effectiveness,
safety and immunogenicity). By means of the swing weighting questions it was aimed to determine what
modifications in the decision criteria would result in switching from the reference biological to the
biosimilar, followed by assigning weights to these modified criteria. On the basis of the obtained results
and the answers given on the demographic questions, a subgroup analysis was performed.

3.2 Results

From the 69 respondents identified, a total of 21 respondents (accounting for 43 percent) actually filled in
the online survey. This study population consisted of 11 respondents from the United States and 10
respondents from the Netherlands. From the obtained results it could be concluded that a number of
respondents (N=6) had provided illogical or inconsistent answers. For that reason, these results were
excluded from the analyses. As a result, the answers of a total number of 15 respondents were included in
the final analyses. According to these results and the calculated geometric means, the pairwise
comparison matrix was developed. The findings of this matrix are shown in table 4 below:

Cost Effectiveness Safety Immunogenicity
Cost 1.00 0.84 0.88 0.85
Effectiveness 1.20 1.00 1.02 0.98
Safety 1.13 0.98 1.00 1.00
Immunogenicity 1.17 1.02 1.00 1.00

Table 4 Pairwise comparison matrix of the pilot study

The highest geometric mean was found in the pairwise comparison between costs and effectiveness.
According to the findings, the respondents considered a post-marketing study on effectiveness to be 1.20
times more important than increasing cost savings from 25 up to 50 percent. In fact, this matrix shows
that post-marketing studies on effectiveness, safety and immunogenicity are all assumed to be more
important than additional cost savings. These findings are in accordance with the findings of the swing
weighting questions. With reference to these results, respondents indicated that there are more likely to
switch from a reference biological to a biosimilar when post-marketing data is available about biosimilars
regarding effectiveness (E), safety (S) and immunogenicity (I). However, when compared to the pairwise
comparisons, the results of the swing weighting show that post-marketing studies about safety and
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immunogenicity are preferred over a post-marketing study regarding effectiveness. Additional cost
savings (C) was assumed to be the least important criteria to switch from reference biologics to
biosimilars. These results can be found in figure 4.

SWING weight
010 015 020 025

0.00 0.056

C E S |
Figure 4 Swing weights of criteria

A subgroup analysis was performed for both the preference questions and the swing weighting questions.
The results of the analysis of the swing weighting questions will be presented and explained briefly. The
findings can be found in table 7 below:

Group (n) Cost Effectiveness Safety Immunogenicity
Practitioner (n=10) 0.20 0.23 0.27 0.30
Payer/policy 0.23 0.31 0.31 0.15

maker (n=1)

Researcher (n=7) 0.20 0.24 0.26 0.30

Pharma (n=3) 0.15 0.29 0.35 0.21

Table 5 Swing weights subgroup analysis

What stands out, and what was to be expected, is that the preferences differ among the subgroups. The
higher the score, the greater a preference for a post-marketing study for a certain decision criteria. It is
noteworthy that the additional cost savings were not assessed as most important by any subgroup. Even
the subgroup that represents the health payers and policy makers preferred post-marketing studies of
effectiveness and safety over additional cost savings. It should, however, be noted that this subgroup
consisted of only one respondent.

The role in health care was not the only aspect among which the respondents differed. Since respondents
from both the United States and the Netherlands completed the survey, also a subgroup analysis was
performed regarding the country of origin. According to this analysis, the Dutch respondents were found
to have a significantly greater preference (p=0.03) for the biosimilars in comparison with the respondents
from the United States (respectively 12.09£3.10 versus 8.45+4.53). An explanation might be that the
EMA approved a larger number of biosimilars, whereby the possibility exists that the Dutch respondents
had more experience with biosimilars. Another explanation could be the related to the differences
between the organization and incentives of both the health care systems.
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3.3 Limitations

Upon completion of the pilot study it can be concluded that there are some limitations. The first limitation
relates to the fact that only 21 respondents completed the survey, of which only 15 appeared to be useful
for further analyses. Thus, the sample size of the pilot study was small. Another limitation relates to the
means of identification. The members of the study team used the convenience sampling technique and
identified potential respondents of whom it was assumed that the likelihood of participation was high.
The risk of selection bias is, based on this fact, considerable. Besides, this sampling technique could
result in both under- or over-representation of different subgroups. In fact, this actually occurred, since
one subgroup only existed of one respondent. Therefore, it can be stated that it is difficult to obtain
answers which are generalizable.

In addition, there were some limitations regarding the case example and the questions posed. The case
example provided a patient case, in which the respondent needed to consider treating a patient with
filgrastim. The biosimilar of filgrastim is approved in Europe. In contrast, in the United States biosimilar
filgrastim was not approved at the time the pilot study was conducted. This could imply that the
respondents from Europe might have had positive or negative experiences with this biosimilar, whereas
respondents from the United States did not had any previous experience with biosimilar filgrastim.
Differences between both continents could therefore, at least partly, be explained by the choice of this
drug. Furthermore, it was found that respondents experienced problems related to the swing weighting
guestions. The underlying reason could be that it was unclear to the respondent what was expected. Thus,
chances are that the obtained answers do not represent the initial preferences of the respondents. Besides,
not all the decision criteria are plotted against each other in the pairwise comparison questions. For that
reason, it was not possible to calculate some of the geometric means. This resulted in the fact that the
pairwise comparison matrix could not be drawn completely, with the consequence that results are
inconclusive.

With reference to the findings and limitations of pilot study, modifications are applied to improve the
quality of the current survey. These modifications mainly concern the case example, the means of
identification of the respondents and the questions asked in the survey. For example, the case example
will provide a drug of which the biosimilar is not approved yet to be sure the respondent does not have
any experience with the biosimilar of the reference biological. In addition, since the respondents
experienced difficulties with answering the swing weighting questions, these questions will be removed
from the current questionnaire. Furthermore, the AHP will be applied to draft the pairwise comparisons to
be able to draft a complete pairwise comparison matrix.
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4. Methods

4.1 Study population

To provide an answer on the research question, Dutch stakeholders in oncology are approached to
complete an online questionnaire. The included stakeholder groups, the target population, consisted of
physicians, oncologists, pharmacists, employees of health insurance companies involved in formulary
decisions or benefit structures, (government) policy makers and researchers. Both men and women are
included, aged between <30 and >60 years in May 2015. The initial email with the request to participate
to this survey was sent to Dutch hospitals, health insurance companies, pharmaceutical companies, and
instances and companies that are concerned with cancer research and policy making. The snowball
sampling method was used. Using this method enabled the possibility that identified members of the
target population referred the survey among other people with the same characteristics that are in interest
of the study’’. By using the snowball sampling method it was aimed to obtain a sample size that is
representative for the target population.

It was found that previous experience with weighting techniques could result into less distinction or
discrimination between the criteria®’. For that reason, people who already participated to the pilot study
were excluded. If judgments of respondents appeared to be repetitive or inconsistent (>0.20), judgments
were revised or excluded from the analysis.

4.2 Study design

A systematic literature review is conducted with regard to biosimilars, as disclosed in the relevant
scientific literature. The objective of this literature review was to determine the current scientific
knowledge of biosimilars in oncology. To investigate the preferences and opinions regarding the potential
role of biosimilars in oncology, a combination of the Analytic Hierarchy Process (AHP), a Multi Criteria
Decision Analysis technique, and Discrete Choice Experiments (DCE) was used to evaluate and estimate
the preferences of the target population. Pairwise comparisons are established with reference to the
findings of the literature review. The pairwise comparisons allowed respondents to quantitatively judge
the different decision criteria. LimeSurvey is used to create an electronic, web-based questionnaire to
identify the preferences. The questionnaire consisted of preference questions, pairwise comparisons and
demographic questions and can be found in Appendix A. The target population received an email
containing a link to access the questionnaire. Two weeks after the initial email, a reminder was sent to
non-responders. After the commencement, the survey was open for two months. By means of the
guestionnaire, data is obtained to answer sub questions 2-5 and the research question.

4.3 Objectives

4.3.1 Decision criteria

To determine and evaluate the preferences of the study population about biosimilars in oncology, several
outcomes needed to be obtained with the questionnaire. The decision criteria, or key variables, that are
measured relate to the factors that stakeholders consider to be the most important when evaluating the
potential of biosimilars, compared to the original biologics. The decision criteria used were identified
with reference to the literature search on biosimilar pharmaceuticals in oncology:

= Efficacy: The ability of the biologic or biosimilar to achieve the desired effect.
= Safety: The usage of a biologic or biosimilar must imply that the patient is free
from the occurrence of risk of injury, danger, or loss.
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»= Immunogenicity: The characteristic of the biologic or biosimilar to enable an immune
response, or the extent to which the biologic/biosimilar has this
possibility.

= Cost savings: The amount of money saved as a result of using biosimilars instead of
biologics.

4.3.2 Decision alternatives

In this survey, respondents had to take two decision alternatives into account. The first decision
alternative regards biologics, the drugs that are currently most often used in the treatment of life-
threatening diseases like cancer. The other decision alternative concerns biosimilars:

= Biologics: Can stimulate the way the immune system is responding to the existing
cancer treatment, resulting in “stopping, controlling or diminishing the
process that allows the growth of cancer cells”%,

= Biosimilars: A biologic product that is approved and of which the quality, safety and
efficacy can be compared to the reference, biological product.

Figure 5 below shows the decision hierarchy, with the goal, the decision criteria and the decision
alternatives:

Efficacy

Biosimilars

(Reference)
Biologics

Preferences for

drugs in cancer
treatment

Immuno-
genicity

Costs
savings

Figure 5 Analytic hierarchy process structure including decision criteria and alternatives

4.3.3 Other objectives

Because of the fact that different stakeholder groups are included within the study, the baseline, primary
preferences among the subgroups are compared. It is also investigated if the initial preferences changed,
when the cost savings were more substantial. Besides, it is aimed to investigate if the preferences in terms
of effectiveness, safety, immunogenicity and costs vary among various stakeholder groups, and if these
preferences change if they have had positive or negative experiences with biologic products. For that
reason, the following objectives are necessary to be able to make the comparisons:

= Demographic information (age, gender, profession)
= Previous experience (with either biologics or biosimilars)
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4.4 Acquisition of preferences

To identify the preferences of the target population, an online questionnaire was used. This questionnaire
started with an introduction, where some general facts regarding biologics and biosimilars were
presented. Thereon, an example of an AHP pairwise comparison was provided. This example
demonstrated how to score the 1-9 reciprocal, ordinal scale in the way that corresponds with the
preference of the respondent. After this example, a general question was asked in order to determine the
baseline preference of biosimilars. Before the actual preference questions started, the respondents had to
choose between five reference biological products. The product chosen must represent the biological
which the respondent most often prescribed for cancer treatment, or the biological that the respondent was
most familiar with. Since an attempt was made to approach different stakeholders in oncology, chances
were that if one single reference biological product was chosen, some of the respondents were not
familiar with that particular product. Therefore, respondents could choose between the five most
prescribed biological drugs according to sales in both Europe and the United States®. In addition, it was
important to provide reference biological drugs of which no biosimilar was available at the time of the
survey. This could, namely, result in different judgments as a result of previous experiences. As a result,
the five biological products were (1) CD20 antigen inhibitor, e.g. Rituximab, (2) human epidermal growth
factor receptor 2 inhibitor, e.g. Trastuzumib, (3) human vascular endothelial growth factor inhibitor, e.g.
Bevacizumab, (4) tyrosine kinase inhibitor, e.g. Imantinib, and (5) epidermal growth factor receptor
inhibitor, e.g. Cetuximab. The product selected was used in the description of the case example. After the
case example, the respondents were asked to fill in the actual questions that must represent their
preferences towards both the decision criteria and the decision alternatives (figure 2). While answering
these questions, the respondent needed to take the chosen biological product into account.

In the questionnaire the assumption is made that post-marketing studies show that the biosimilar is
equivalent to its reference biological product. Furthermore, it is important to note that the questionnaire
consists of three different sections. In the first section, six questions were asked to determine the role of
cost savings and post-marketing studies on the extent to which either the reference biological or the
biosimilar is preferred. These questions aim at finding a threshold value for which people are likely to
switch to a biosimilar product. Instead of making a comparison between a pair of decision criteria, the
respondent needed to indicate, on the 1-9 reciprocal scale, to what extent either the reference biological or
the biosimilar is preferred when different decision criteria are added on top of approval data. Figure 6
below provides an schematic representation of the way these questions are established. As shown in
figure 6, these questions relate to both single and combinations of decision criteria alternatives. One could
say that the way these questions are drafted relate more to a combination of AHP questions and discrete
choice experiment questions. For that reason, the analysis of these questions differs from the actual AHP
analysis.
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Given a “typical” cancer patient appropriate to treat with a biological.
There is a biosimilar available at 25% lower costs. What is the extent to
which either the reference biological or the biosimilar is preferred?

Cost savings Post-marketing Post-marketing Post-marketing

increased to 50% effectiveness safety study added immunogenicity
study added study added

Post-marketing effectiveness, safety
and immunogenicity study added

Cost savings increased to 50% and
post-marketing effectiveness, safety
and immunogenicity study added

Figure 6 Combination of MCDA and DCE model

In the second section of the questionnaire, the respondents were asked to judge a total of six pairwise
comparisons, in which the single decision criteria as shown in figure 6 were set out against each other.
With reference to the obtained judgments, the pairwise comparison matrix could be drafted. A
comparison is made between the weights of the different criteria as derived from these questions. By
means of the pairwise comparisons, the relative importance of each of the decision criteria could be
obtained. This section of the questionnaire relates to the actual AHP questions, and thus AHP analysis
will be used to analyze these data. Thus, it is important to realize that these two sections of the
questionnaire differ from each other. The first section primarily focuses upon clarifying the role of cost
savings and post-marketing studies, whereas the second section focuses upon determining the priorities
and weights of different decision criteria. For that reason, the analysis of the first section differs from the
AHP analysis, whereas the analysis of the second section relates to the AHP analysis. The analysis used
for the both the preference questions and the pairwise comparison questions will be explained in more
detail in paragraph 4.5 (statistical analysis). Finally, in the third and final section of the questionnaire
demographic questions were asked. By means of these questions, one was able to perform subgroup
analyses. The questionnaire used can be found in Appendix A.

4.5 Statistical analysis

4.5.1 Impact of additional information

As described in the previous paragraph, the first six preference questions can be seen as a combination of
AHP questions and DCEs. The 1-9 reciprocal, ordinal scale of the AHP is used to obtain answers
regarding the preferences of additional data. This implies that the respondents had 17 possibilities to
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answer the questions. The answers are, for that reason, located on a scale from 1 to 17. Therefore, one
could state that the data obtained can be seen as continuous data. On this scale, a score from 1-8
represents a preference for the reference biological. A score of 9 implies that the respondent has an equal
preference for both products. A score of 10-17 represents a preference for the biosimilar. It is important to
note that this response scale is not linear. This is graphically shown by figure 7 below, which indicates
that the statistical distance between the answer 1 and 2, for instance, differs from the distance of answer 8
to 9.

saatylner

Figure 7 Response scale AHP

To investigate if the decision criteria have a positive effect on preferring the biosimilar over its reference
biological, R software is used to establish an additive model to perform nonparametric regression.
Respondents with a baseline preference that very strongly or extremely preferred the biosimilar were
excluded from the analysis. If a respondent had such a baseline preference, it is not possible to investigate
the role of adding post-marketing studies for these respondents. All additional information would most
likely result in a very strong or extreme preference for the biosimilar. Including these responses would
therefore result in a distorted picture of the role of additional information.

The null hypothesis for this model was that extra information on additional cost savings and post-
marketing data has no effect on preferring biosimilars over its reference biological:

HO: Q(4-9)-Q3 =0
H1: Q(4-9)-Q3 #0

The additive model used five different variables:

Variable Meaning Code

X1 Approval data {1,0,0,0,0}
X2 Post-marketing effectiveness data {0,1,0,0,0}
X3 Post-marketing safety data {0,0,1,0,0}
X4 Post marketing immunogenicity data {0,0,0,1,0}
X5 Additional cost savings {0,0,0,0,1}

Table 6 Additive model
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According to these variables, the following codes were established that represent the preference questions
asked in the guestionnaire:

Question Code for additive model \
Q3 {1,0,0,0,0}
Q4 {1,0,0,0,1}
Q5 {1,1,0,0,0}
Q6 {1,0,1,0,0}
Q7 {1,0,0,1,0)
Q8 {1,1,1,1,0}
Q9 {11,111}

Table 7 Codes used for additive model

By means of this additive model, it is calculated if there is a difference between the baseline response to
guestion 3 and the response to the other questions. This model made it possible to analyze if adding
information contributed to an increase of the baseline preference. Thus, by means of this model one was
able to investigate which decision criteria are preferred by the respondents.

With reference to this nonparametric regression, it was calculated if adding information has an effect on
the preferences of the respondents. Additional regressions are performed to investigate if this potential
effect is important (significant) or not. It was aimed to model the responses to the preference questions to
see if there is an effect on preferring biosimilars, if additional information on biosimilars is provided to
that individual. As stated before, a score of 10-17 implies that the respondent favors the biosimilar. When
one takes this into account, two groups can be identified for every question: a group that doesn’t favor the
biosimilar (score of 1-9), and a group that favors the biosimilar (10-17) when different additional data is
provided to the individuals. This implies that one gets dichotomous outcomes variables. For that reason, a
logistic regression model is fitted. The null hypothesis that has been respected, is that providing additional
information will lead to judgments that favor biosimilars. The outcome of this logistic regression model is
‘preferring the biosimilar over the reference biologic’. This outcome is defined as having a score response
of equal to or greater than 10 on the 1-9 reciprocal, ordinal scale. The fitted logistic regression model used
can be written down as:

Y(Prob(response>10))=B0 + B1 (amount of information provided)

The amount of information provided, or B1, is as following:

Question Amount of information provided |

Q3 Information on approval data only

Q4 Information on approval data and additional costs savings

Q5 Information on approval data and additional post-marketing effectiveness data

Q6 Information on approval data and additional post-marketing safety data

Q7 Information on approval data and additional post-marketing immunogenicity data

Q8 Information on approval data and additional post-marketing effectiveness, safety and
immunogenicity data

Q9 Information on approval data and additional post-marketing effectiveness, safety,

immunogenicity data and additional cost savings
Table 8 Amount of information provided
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The predictor ‘additional information’ is used as a non-linear categorical variable and Q3 is the reference
or baseline variable.

With reference to this model, one was able to investigate what additional information and thus which
decision criteria are preferred by the respondents. Besides, one was able to investigate what additional
information can be associated with higher odds of favoring biosimilars over its reference biologic.

4.5.2 Pairwise comparisons

In the second section of the questionnaire, pairwise comparison questions are asked. The AHP analysis is
used to statistically analyze this data. The obtained data is recorded and stored in LimeSurvey. Microsoft
Excel version 2013 and the AHP Excel Template Version 2015-06-07° are used to analyze the obtained
data. First, a consistency test is performed to determine the consistency of the obtained judgements. If the
consistency ratio was equal to or higher than 0.20, the judgments were revised or excluded from the
analysis. According to the included obtained judgments, the pairwise comparison matrix was drafted of
both the group and each individual. With reference to these matrices, the relative weights and the overall
priorities were calculated. The overall priority was calculated by means of the normalized principal
Eigenvector. Since multiple judgments are obtained, the percentage of consensus between the judgments
of the respondents was calculated. This percentage of consensus is calculated with the AHP Excel
Template Version 2015-06-07%. In this template, Shannon alpha and beta entropy are used to calculate
the consensus indicator, which ranges from no consensus (0%) to full consensus (100%)%. The consensus
indicator gives an indication to what extent the judgments of the respondents are comparable.

4.5.3 Subgroup analysis

Subgroup analyses are conducted by means of the judgments as derived from the pairwise comparison
guestions. The analysis are performed on the basis of the (individual) geometric means, or priorities, per
decision criteria. Individuals were divided into subgroups, of which the relative weights and overall
priorities were calculated. In addition, the minimum, maximum and median value per decision criteria
were calculated, as well as the mean and the 95% confidence intervals. This analyses made it possible to
identify whether demographics, consistency ratios and different reference biologicals can be associated
with potential differences within the various criteria.

4.6 Ethics

Once the survey is completed by the respondent, the data is restored in LimeSurvey. Only members of the
research team had direct access to the obtained, raw data. Furthermore, the obtained data is not
identifiable to a person to ensure confidentiality and anonymity. The respondent had the possibility to
stop filling in the questionnaire at any point.
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5. Literature review

The outcomes of the MCDA study are related to biological products of which biosimilars currently do not
exist. For that reason, a systematic literature review is conducted with regard to biosimilars, as disclosed
in the relevant scientific literature. The objective of this literature review was to determine the current
scientific knowledge of biosimilars in oncology, thus of biosimilars that currently exist. On the basis of
this information one is able to say if post-marketing data regarding biosimilars in oncology is performed.
In addition, it is possible to determine what the main focus of these studies was in terms of effectiveness,
safety and immunogenicity, and if so, which post-marketing studies are rarely performed. If applicable,
the literature review can support the findings of the MCDA survey if it emerges that the amount of studies
regarding the equivalence of biosimilars is small, and the respondents of the MCDA survey indicate that
additional post-marketing studies are required.

5.1 Study selection

The systematic literature review is carried out by performing a literature search in the databases PubMed
and International Pharmaceutical Abstracts (IPA). This literature search resulted in a total of 189 articles.
The articles found were screened on the basis of the title and the abstract, to identify articles that were
eligible for the review. Criteria to include articles were: (1) the study design must provide a comparison
of biosimilars with reference biologicals, (2) the result section must include data, and (3) the article must
focus upon oncology. If articles were excluded, the reasons were: (1) the article was an editorial, (2) it
was an in vitro study, (3) it was a descriptive summary or (4) it was a phase | or phase Il study. After
screening the abstract it appeared that 173 articles were not appropriate for the literature review according
to the criteria. For that reason, they were excluded from the literature review. Another two articles were
rejected from the review, because of the fact that the full text could not be located. A total of 14 studies
were found that focused on biosimilars in oncology and complied with the inclusion criteria. Of these 14
studies the reference list was screened for other relevant studies. In addition, the abstracts of the articles
that cited one of these 14 studies were screened. However, no additional studies were found to be relevant
for this literature review. The flow diagram of this literature search can be found in Appendix B.

5.2 Characteristics of included studies

Of the 14 studies that were identified for the literature review, 10 were observational studies, two were
comprehensive reviews, one was a randomized trial and one was a non-randomized survey. All the
included studies were published in English and after 2011. The duration of the included studies varied
from 3 months up to 36 months. In total, 3.375 participants were involved. Of these 3.375 participants,
3.353 (99.8 percent) were patients who suffered from various types of cancer. The remaining 22
participants involved were healthy donors.

The 14 studies can be divided into two groups. This division is made on the basis of the focus of the
studies. The majority of the studies (N=12) focused upon the biosimilar granulocyte colony-stimulating
factor (G-CSF). The other two articles focused upon the biosimilar epoetin alfa (EPO). A summary of the
characteristics per focus group can be found in table 9 below.

Focus group Total number of participants Total number of studies
EPO 137 2
G-CSF 3238 12

Table 9 Characteristics per focus group
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In all the included studies, a comparison was conducted regarding biosimilars and their reference
biologicals in terms of effectiveness, safety or immunogenicity. If applicable, the occurrence of (serious)
adverse events was mentioned. The duration of the time in which the outcome was measured varied
among the studies. This time could vary from monthly investigations to investigations with a time
duration of one year or more.

5.3 Results

The included studies varied widely with regard to the focus group, study design, participants, sample sizes
and outcome measures. For that reason, it was decided to focus on describing the outcomes, the main
results and both the positive and negative findings, instead of conducting a meta-analysis. A brief
qualitative summary of each of the studies can be found in Appendix C. In table 10 below, the sample
size characteristics are shown of the 14 included studies in this literature review.

Total number of participants included 3.375

Total number of studies included 14
Minimum sample size 20
Maximum sample size 1.302
Mean sample size (xSD) 241+379
Median sample size 106

Table 10 Sample size characteristics of the included studies

5.3.1 Summary of evidence

5.3.1.1 Effectiveness

All the included studies (N=14) reported findings about the effectiveness of the biosimilar, and compared
these with findings of the reference biological. The comparability of the effectiveness is investigated by
using a variety of outcome measures. These outcome measures were, among others, the mobilization of
peripheral blood stem cells (PBSC), the white blood cell count, the occurrence of neutropenia or
chemotherapy disturbance and the hemoglobin response rate. All studies demonstrate that the findings
regarding these outcome measures were broadly similar and comparable. None of the studies reported
results indicating that the biosimilar performed significantly worse with regard to the effectiveness. To
clarify the obtained results in terms of effectiveness, the studies that focused upon PBSC mobilization
will be shown (N=7). The results of these studies can be found in table 11 below.

Author, year Outcome Biosimilar Outcome Reference Biological P-value
Manko et al., 201478 9.1 (0-23) 9.4 (6-48) -
Publicover et al., 20137 | 4.5 (min-max: 0.2-43) 4.4 (min-max: 0.5-56) 0.65
Remenyi et al., 2014 6.33 (min-max: 2-17.4) No control group used -
(Study 1)

Remenyi et al., 2014 5.2 (min-max: 2.22-57.07) No control group used -
(Study 11)&°

Schmitt et al., 20138 4.4 (min-max: 2.0-7.3) 4.2 (min-max: 2.1-7.9) 0.75
Sivgin et al., 201382 13.43 (min-max: 8.15-23.38) 7.64 (min-max: 4.09-13.86) 0.013
Yafour et al., 201323 4.1 (min-max: 0.25-4.84) 2.75 (min-max: 1.22-10.3) 0.86

Table 11 Efficacy in PBSC mobilization: the number of peripheral blood CD34+ cells (x108/kg body weight)
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The value provided in this table reflects the median number of peripheral blood CD34+ cells (10%kg body
weight). The values between the parentheses show the 25" and 75" percentiles. Below, a figure is
provided to show these findings graphically. The results of the studies of Remenyi et al. (2014) are
excluded from the graph, due to the fact that these studies did not include a control group.

15
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0

Manko et al., 2014 Publicover et al., 2013 Schmitt et al., 2013

Number of PB CD34+ cells

P=0.65

P=0.75

P=0.013

Figure 8 PBSC mobilization: number of PB CD34+ cells (10%/kg body weight)

Sivgin et al., 2013

m Biosimilar

Reference Biological

P=0.86

Yafour et al., 2013

The findings of the other outcome measures related to the effectiveness can be found in Appendix D.

5.3.1.2 Safety

Of all the included studies, almost 79 percent (N=11) also focused upon the safety of the biosimilar. The
frequency and severity of both adverse events and side effects were primarily used to investigate the
comparability in terms of safety. The findings of these studies are shown in the following table:

Author, year

(Primary) Outcome

Outcome

Outcome Reference

Gascon et al., 20138
lannotto et al., 20148

Kerkhofs et al., 20127°
Manko et al., 201478

Remenyi et al., 2014%

Sagara et al., 2013%
Salesi et al., 201288
Schmitt et al., 20138
Schmitt et al., 2014%°

Measure(s)

Bone pain

Lymphoma:

Bone pain

Pneumopathy

Day-100 death

Myeloma:

Bone pain

Pneumopathy

Day-100 death

Unexpected adverse events
Neutropenic fever

Bone pain

Neutropenic fever
Engraftment syndrome
Poor graft function

Deaths (treatment related)
Incidence of febrile neutropenia
Unexpected adverse events
Side effects (arthralgia)
Increase in toxicity

Biosimilar
8%

N=3
N=2
N=1

N=6

N=1

N=0

None reported
N=11

N=17

N=45 (64%)
N=9 (13%)
N=1 (1.4%)
N=0

34.6% (N=36)
None reported
N=6 (54.5% donors)
None reported

Biological
24%

N=0
N=2
N=2

N=6

N=0

N=0

No control group used
N=10

N=19

No control group used
No control group used
No control group used
No control group used
No control group used
No control group used
N=6 (54.5% donors)
No control group used
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Verpoort & Mohler, Unexpected adverse events None reported None reported
2012%
Yafour et al., 201383 Bone pain 33,3% (N=3) 20% (N=2)
Headache 33,3% (N=3) 10% (N=1)
Table 12 Outcome measures with outcomes related to safety

5.3.1.3 Immunogenicity

In total, 14 percent of the studies (N=2) focused on both efficacy, safety and immunogenicity. The main
outcome measures to measure immunogenicity were the occurrence of antibodies, and the frequency and
severity of immune responses. The findings of these two studies with regard to the immunogenicity of the
biosimilar can be found in table 13 below.

Author, year (Primary) Outcome Outcome Biosimilar Outcome Reference
Measure Biological
Gascon et al., 2013 Production of G-CSF No neutralizing antibodies No control group used
antibodies found (N=316)
Sagaraetal., 2013 Production of G-CSF No anti-G-CSF antibodies No control group used
antibodies found before and after
treatment with the biosimilar
(N=102)

Table 13 Outcome measures with outcomes related to immunogenicity

5.4 Conclusion

The main focus of the studies included in the literature review was on effectiveness. All included studies
demonstrated that the findings regarding these outcome measures were broadly similar and comparable.
None of the studies reported results indicating that the biosimilar performed significantly inferior with
regard to the effectiveness. The results of the PBSC mobilization show that the differences in the number
of PB CD34+ cells between the biosimilar and the reference biological are not statistical significant. Only
the study of Sivgin et al. (2013) found a significant difference. This difference is, however, in favor of the
biosimilar since the patients who received the biosimilar created more PB CD34+ cells.

According to the findings, no remarkable differences in safety profiles were found between both the
reference biological and the biosimilar. If adverse events occurred, the frequency and severity of them
were comparable between both groups. With regard to immunogenicity, the biosimilar and the reference
biological were found to be comparable in both included studies. The fact that only 14 studies are found
to be relevant for this literature review suggest that the number of studies regarding biosimilars in
oncology is limited. In addition, the median number of patients included in these studies is relatively
small (N=106). This small sample size means that detecting uncommon problems with regard to safety
and immunogenicity is unlikely. Besides, the current data that is published provides minimal evidence
regarding safety and immunogenicity of biosimilars in the area of oncology. In addition, a large
proportion of the surveys did not use a control group in which patients received the reference biological.
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6. Results

6.1 Inclusion of respondents

A total of 210 emails were sent to hospitals, health insurance companies, pharmaceutical companies and
research centers. A total of 34 respondents completed the questionnaire. The response rate cannot be
calculated, since the snowball sampling method was used. Of the 34 respondents, 74% was male (N=24)
and 26% was female (N=9). A total of 5 respondents were aged between 31-40 years (15%), 13 were
aged between 41-50 years old (38%), 12 between 51-60 years old (35%) and three were 60 years or older
(9%). The majority of the respondents were clinical care provider (68%). The remaining 32% (N=12)
represent a variety of primary activities. A total of 10% were researcher, 7% were teaching at a university
or medical facility, 7% were employees of a pharmaceutical industry, 3% were policy maker, 3% were
involved in the benefit structure of a health insurance company, 3% were working in the biotech industry
and 3% were patient representatives. A total of 22 respondents (65%) indicated that they had ever
prescribed, dispensed or administered a biological product. A total of three respondents (10%) answered
that they had received a biological product as a patient. Of these three respondents, one mentioned that
the respondent or a close family member had experienced a serious or a life-threatening adverse reaction
from a drug or biological product. The average baseline preference observed without exclusion is 10.3.
The baseline preference of this respondent was represented by a score of 6, which equals a score between
moderately preferring and strongly preferring the reference biological product.

6.2 Preferences of additional information

Of the 34 respondents, 7 had a baseline preference that very strongly or extremely favored the biosimilar.
These 7 respondents (21%) were excluded from the analysis of the preference questions. Of the 27
respondents included, the mean baseline preference was 8.85. Of these 27 respondents, 20 had ever
prescribed, dispensed or administered a biological product. Their mean baseline preference was 9. The
group who never prescribed, dispensed or administered a biological product (N=5) had a mean baseline
preference of 8.6. Of two respondents it was unknown if they had ever taken any of these actions.

In the table below, the results are provided as obtained from the nonparametric regression in the additive
model.

Coefficients Estimate Std. Error Z value Pr(>|z|) \
(Intercept) 0.2581 0.2547 1.013 0.312207

X1 NA NA NA NA

X2 2.1924 0.3762 5.828 2.46e-08

X3 1.3405 0.3762 3.564 0.000466

X4 1.2294 0.3762 3.268 0.001291

X5 1.0645 0.3601 2.956 0.003526

Table 14 Additive model regarding the role of additional information corrected for baseline preferences

The figure on the next page is a graphical representation of the results of the additive model. It shows how
the preferences change from the baseline preferences, when additional (post-marketing) data is provided
to the respondent. The height of the bar represents a higher change in preference, when that particular
information is provided to the respondent.
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Change in baseline preference (N=27)
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Effectiveness Safety (X3) Immunogenicity Cost savings (X5)
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® Mean change

Figure 9 Change in baseline preference after providing additional data

The results of this crude logistic regression are provided below in table 15 (N=27).

Coefficients Estimate Std. Error Z value Pr(>|z|)
(Intercept) 0.07411 0.38516 0.192 0.84742
Q4) 0.61904 0.56126 1.103 0.27006
Q(5) 1.17865 0.60216 1.957 0.05032
Q(6) 0.61904 0.56126 1.103 0.27006
Q(7) 0.45652 0.55423 0.824 0.41011
Q(8) 2.45162 0.82967 2.955 0.00313
Q(9) 2.45162 0.82967 2.955 0.00313

Table 15 Regression table regarding the role of additional information

6.3 Priorities of decision criteria

Of the 34 respondents, 23 (68%) met the consistency ratio threshold (>0.20). These 23 respondents were
included for the analysis of the criteria weighting questions. With reference to the judgments of the
respondents, the pairwise comparison table was established. The findings are presented in table 16 below.

Effectiveness Safety Immunogenicity Cost Savings

Effectiveness 1.00 0.88 1.83 3.00
Safety 1.17 1.00 1.96 3.44
Immunogenicity 0.69 0.56 1.00 2.23
Cost savings 0.38 0.29 0.47 1.00

Table 16 Pairwise comparison table findings

The weights and the overall priorities as derived from the judgments of the respondents (N=23) are
showed in table 17. The AHP group consensus was 77.4%.

Effectiveness Safety Immunogenicity Cost Savings Priorities (%)
Effectiveness 0.31 0.32 0.35 0.31 32.3
Safety 0.36 0.37 0.37 0.36 37.0
Immunogenicity 0.21 0.20 0.19 0.23 20.4
Cost savings 0.12 0.11 0.09 0.10 10.4

Table 17 Pairwise comparison matrix

Page | 39



6.4 Subgroup analyses

6.4.1 Consistency ratio

The first subgroup analysis that was performed concerns the consistency ratio. The respondents are
divided into two groups. The division is made on the basis of the consistency of their judgments. One
group regards a consistency ratio of 0-10%. The second group consists of judgments with a consistency
ratio of 10-20%. The subgroup analysis is performed with regard to the (individual) priorities per decision
criteria. The overall priorities as derived from the judgments of the respondents are showed in the table
below.

Group (n) Effectiveness Safety (%) Immunogenicity Cost savings (%)
(%) (%)

Consistency 0-10% 33.9 35.1 21.5 9.4

(N=16)

Consistency 10-20% | 27.4 42.1 17.2 13.3

(N=6)

Table 18 Overall priorities per consistency ratio group

The consensus in the group with a consistency ratio of 0-10% was 81.5%. The consensus among the
members of the group with a consistency ratio of 10-20% was 60.6%. The figure below shows the
differences in priorities among both subgroups identified.

Priorities per consistency ratio group

50,00
40,00

30,00
20,00
10,00 I
0,00 .

Effectiveness Safety Immunogenicity ~ Cost savings

ECR0-10% ®CR 10-20%
Figure 10 Subgroup analysis: differences in priorities per consistency ratio group

In addition, subgroup analysis was performed regarding the answers about the baseline preference of
biosimilars in oncology. The mean preference of the group with a consistency score between 0-10% was
10+1.50 (95 % CI 8.50-11.50). The mean preference of the group with a consistency score between 10-
20% was 9.33+4.19 (95 % CI 5.14-13.53). The minimum, median and maximum values of the priorities
of both groups for each of the decision criteria are shown by box plots in the figure on the next page.
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Effectiveness Safety
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Figure 11 Box plots of the priorities per criteria per consistency ratio

6.4.2 Chosen biological product

Since the respondents were asked to choose between the biological product that they are most familiar
with, a subgroup analysis is performed with regard to the chosen biological product. A total of four
groups can be distinguished, namely (1) CD20 antigen inhibitor (N=9), (2) HER-2 inhibitor (N=8), (3)
human vascular endothelial growth factor (N=4) and (4) tyrosine kinase inhibitor (N=2). The biological
product epidermal growth factor receptor inhibitor was not selected by any respondent. The overall
priorities (normalized principal Eigenvector) per decision criteria for every subgroup are showed in the
table below.

Group (n) Effectiveness (%0) Safety (%) Immunogenicity Cost savings (%)
(%)

CD20 antigen 32.6 39.0 16.2 121

inhibitor (N=9)

HER-2 inhibitor 32.2 32.0 26.6 9.2

(N=7)

Human VEGF 25.9 455 17.6 11.0

inhibitor (N=4)

Tyrosine kinase 41.3 29.6 23.1 6.0

inhibitor (N=2)
Table 19 Overall priorities per chosen biological product

The consensus in the CD20 antigen group was 72.3%. The consensus among the members of the group
who had chosen for HER-2 inhibitor was 77.1%. The consensus among the provided judgments of the
respondents of the human VEGF and the tyrosine kinase inhibitor were 77.5% and 90.1% respectively.
The figure below shows the differences in priorities among these four identified subgroups.

Page | 41



50
40
30
2
1

o O o

Priorities per chosen biological product

CD20 antigen HER-2 inhibitor Human VEGF
inhibitor inhibitor

m Effectiveness  m Safety ™ Immunogenicity

Tyrosine kinase
inhibitor

Cost savings

Figure 8 Subgroup analysis: differences in priorities per chosen biological product

For these four different groups, a subgroup analysis is performed with regard to the answers about the
baseline preferences of biosimilars. The mean preference of the CD20 antigen group was 9.11+2.82
(95 % CI 6.29-11.93). The mean preference of the group that chose for the biological product HER-2
inhibitor was 10.00+2.75 (95 % CI 7.25-12.75). The group that chose for human vascular endothelial
growth factor had a mean baseline preference of 10.75+£3.14 (95 % CI1 7.61-13.89). Finally, the mean
baseline preference of the tyrosine kinase inhibitor group was 10.50£1.34 (95 % CI 9.16-11.84). Figure
13 below shows the box plots of each of the subgroups per decision criteria.
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6.4.3 Background

Multiple different stakeholder groups completed the online questionnaire. For that reason, a subgroup
analysis is performed regarding the background of the respondents. The background represents the
primary activity of each of the respondents. A total of four groups are distinguished, which are (1)
physicians (N=4), (2) oncologists (N=7), (3) hematologists (N=4), and (4) other primary activities (N=8).
The subgroup that is encompassed by the term ‘other’ represents a variety of primary activities. The
primary activities represented in this group, are a patient representative (N=1), a pharmacist (N=1), a
clinical pharmacologist (N=1), an EMEA biosimilar market access expert (N=1), a laboratory technician
(N=1), a hospital pharmacist (N=1), a clinical biological researcher (N=1) and a researcher (N=1). The
overall priorities per decision criteria for each of the four subgroups can be found in table 20 below.

Group (n) Effectiveness (%) Safety (%) Immunogenicity Cost savings (%)
(%)

Physician (N=4) 21.2 56.7 11.3 10.8

Oncologist (N=7) 40.1 31.2 18.3 10.4

Hematologist 35.4 36.7 19.3 8.6

(N=4)

Other (N=8) 29.0 323 28.5 10.2

Table 20 Overall priorities per background group

The consensus among the judgments of the physicians was 83.6%. For the oncologists and the
hematologists, the consensus was 85.0% and 85.8% respectively. The final subgroup, encompassed by the
term ‘other’, had a consensus of 63.8%. Figure 14 provides a graphical image of the overall priorities per
primary activity:

Priorities per background

60
50
40
30
; I I I
10
) []
Physician Oncologist Hematologist Other
m Effectiveness  m Safety Immunogenicity Cost savings

Figure 14 Subgroup analysis: differences in priorities per background

The mean baseline preference of the pharmacists can be represented by a score of 9.75+4.89 (95 % Cl
4.86-14.64). The judgments of the oncologists imply that their baseline preference has a mean score of
9.14+2.07 (95 % CI 7.07-11.21). The mean preference of the hematologists was 8.00+6.33 (95 % CI 1.67-
14.33). All the remaining judgments combined into the final, ‘other’, group had a mean baseline
preference of 11.38+6.87 (95 % CI 4.51-18.24). Furthermore, box plots are drafted to show the
differences in minimum, median, and maximum priorities according to the different backgrounds.
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Figure 15 Box plots of the priorities per criteria per background

6.5 Other criteria

Respondents were asked, if applicable, to list any other important criteria in the decision whether to use a
biosimilar instead of its reference biological product. Even though one respondent mentioned that
effectiveness, safety and immunogenicity are most important, other criteria are mentioned that are also
relevant to the respondents in the decision making process. Outcome registration within the profession,
adaptation by scientific associations and patient friendliness are considered to be important. In addition, a
structured follow-up of the patient is required by the respondents. According to one respondent, the
physical-chemical quality standards as described for investigational medicinal products (IMP) are of great
importance, as well as the substances that are added in addition to the active substances. Respondents,
however, indicated that they are not willing to switch to a biosimilar when the patient already receives its
reference biological product and this product shows good (clinical) results. It was also mentioned by
respondents that new patients have less objection towards new medical products in comparison with
existing patients who have to switch from (oncology) drugs.
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7. Conclusion

With this research, the criteria that stakeholders in oncology consider to be decisive with regard to the
uptake of biosimilars in the Netherlands are studied. Furthermore, this research aimed to elucidate the
interest of post-marketing studies. First, the results per sub question will be described. With reference to
these results, an overall conclusion regarding the research question of this dissertation will be presented.

7.1 Conclusion per sub question

7.1.1 Conclusion sub question 1

From the literature review it can be concluded that the scientific knowledge of biosimilars in oncology is
limited. It is found that the scientific knowledge of biosimilars in oncology focused upon EPO and
G-CSF, of which biosimilar products are currently approved. Post-marketing studies are rarely performed,
and if they are performed their main focus is on effectiveness. In addition, the median number of patients
included in these studies is small. The post-marketing studies that are performed show no remarkable
differences between biological products and their biosimilar with regard to effectiveness, safety and
immunogenicity profiles. More post-marketing studies are, however, required before one is able to
conclude with more certainty that biological products and their biosimilars are equivalent in terms of
effectiveness, safety and immunogenicity.

7.1.2 Conclusion sub question 2

From the results of the additive model it can be observed that additional information contributes to an
increase of the preference, baseline score. This increase in preference score applies for both additional
cost savings data as well as additional post-marketing data on effectiveness, safety and immunogenicity.
From these results it can be concluded that adding information has a positive effect on the preferences of
the respondents. From the results of the logistic regression it can be observed that providing all post-
marketing data along with approval data, and all post-marketing data along with approval data as well as
additional cost savings, is associated with significantly higher odds (p<0.01) of preferring biosimilars
over reference biologics. It is also observed that post-marketing effectiveness data along with approval
data was associated with significantly higher odds (p=0.05) of favoring biosimilars over biologics.
According to the findings, post-marketing studies that provide safety or immunogenicity data only, as
well as additional cost savings, did not result in significantly higher odds of preferring the biosimilar over
its reference biological. In contrast, when the four decision criteria are compared with each other, post-
marketing safety data is considered to have the highest relative importance to the respondents with regard
to the uptake of biosimilars (weight = 0.37). After post-marketing safety data, post-marketing
effectiveness data was considered to be the most important (weight = 0.323), followed by post-marketing
immunogenicity data (weight = 0.204) and cost savings (weight = 0.104).

7.1.4 Conclusion sub guestion 3

From the results, it is observed that the preferences vary when different potential biosimilars are taken
into account by the respondents. Of the five most prescribed oncology drugs according to sales, the
respondents in this research mostly prescribed or are most familiar with CD20 antigen inhibitor and HER-
2 inhibitor. The respondents in the groups CD20 antigen inhibitor and human VEGF had the highest
preference for safety, followed by effectiveness, immunogenicity and cost savings. The respondents in the
HER-2 inhibitor and tyrosine kinase inhibitor groups, on the other hand, preferred effectiveness the most,
followed by safety, immunogenicity and cost savings. With regard to the cost savings, the priorities of all
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four groups are in accordance. The other three decision criteria are subjected to more variability. The
highest variability is observed between safety and effectiveness. From the findings it can be concluded
that the respondents that chose for human VEGF had the highest overall preference for safety. The
respondents that chose for the reference biological tyrosine kinase inhibitor had the highest overall
preference for effectiveness. Furthermore, the respondents that chose HER-2 inhibitor had nearly similar
preferences for safety and effectiveness. These findings show differences between the judgments of the
respondents. It was, however, not possible to calculate significant differences because of the small sample
sizes of the distinguished groups.

In addition, the mean baseline preference differed between the four groups identified. The respondents of
the CD20 antigen inhibitor and the human VEGF slightly groups preferred the biosimilar over its
reference biological product. The respondents of the HER-2 inhibitor and the tyrosine kinase inhibitor had
a higher mean baseline preference and almost moderately preferred the biosimilar. The consensus of the
judgments within the groups is relatively high. The 95% confidence intervals of all four groups is,
however, broad.

7.1.5 Conclusion sub question 4

From the results of the subgroup analysis of the various stakeholder groups included, it can be concluded
that there are differences in preferences with regard to the uptake of biosimilars in oncology. Physicians
highly preferred safety, followed by effectiveness, immunogenicity and cost savings. The same ranking is
observed in the judgments of the hematologists and the group encompassed by the term ‘other’. The
judgments of the last two groups have, however, less remarkable differences in preferences between
safety and the other three decision criteria. In contrast, oncologists highly prefer effectiveness, followed
by safety, immunogenicity and cost savings. With reference to the boxplots, it is observed that the
judgments regarding the costs savings are broadly similar between the groups. More variability in the
judgments of the other decision criteria are found. Pharmacists have highly variable preferences regarding
effectiveness, whereas oncologists have highly variable preferences regarding safety. In addition, it can be
concluded that there is more variability in the preferences regarding safety studies when compared to the
preferences of immunogenicity studies.

The mean baseline preferences also differ per stakeholder group. The pharmacists and oncologists slightly
prefer biosimilars over its reference biological. Hematologists prefer the reference biological over the
biosimilar, with a score that represents a preference between equally prefer and moderately prefer the
biological. The judgments combined into the ‘other’ group show that these respondents have a moderate
to strong preference for the biosimilar. The consensus among the judgments of physicians, oncologists
and hematologists is relatively high. The consensus among the judgments of the other respondents is, in
contrast, relatively low. Furthermore, all groups have a broad 95% confidence interval.

7.1.6 Conclusion sub question 5

When the preferences of the pilot study are compared with the preferences of this research, it can be
concluded that they differ. According to the pairwise comparison matrix of the pilot study, post-marketing
immunogenicity studies are considered to have the highest preference, followed by post-marketing studies
regarding effectiveness, safety and cost savings. From the pairwise comparison matrix of the current
study, it can be concluded that post-marketing safety studies have the highest preference, followed by
post-marketing effectiveness, immunogenicity and cost savings. In addition, the range of the priorities in
the pilot study is relatively small. From the current study, it can be observed that the range is relatively
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large. Thus, larger differences in preferences are found between the observed decision criteria when
compared with the pilot study.

From both the studies it can be concluded that preferences differ among subgroups. Furthermore, the
results of both studies show that additional cost savings did not result in having a high preference by any
subgroup, and thus don’t play a large role in the decision-making regarding biosimilars in oncology.

7.2 Conclusion research question

With reference to both the literature review and the survey, it can be concluded that the performance of
post-marketing studies is required which are able to demonstrate the comparability of biosimilars with
their reference biological product. The current post-marketing experience with biosimilars in oncology is
limited, and this survey demonstrates that the expected cost savings of biosimilars alone are very unlikely
to result in favoring biosimilars over biologic products. Additional post-marketing effectiveness data is
found to increase the preference, baseline score towards biosimilars, and is associated with higher odds of
favoring biosimilars over its reference biological. The combination of post-marketing data regarding
effectiveness, safety and immunogenicity along with the approval data will most likely result in favoring
biosimilars over biological products. The combination of all these post-marketing data, along with
approval data and additional cost savings has exactly the same preference as the combination without the
additional cost savings. This conclusion depends on the assumption that post-marketing studies show that
biosimilars are comparable with their reference biological products. It can, however, be concluded that
the additional cost savings play a minimal role in the decision-making process regarding the uptake of
biosimilars, and additional post-marketing studies are required.

The ranking of the decision-criteria varied between different chosen reference biological products and
different stakeholder groups. The most important decision criteria are, however, for every respondent the
post-marketing safety and the post-marketing effectiveness data. This is in accordance with the pairwise
comparisons, where the respondents indicated that post-marketing safety data and post-marketing
effectiveness data have the highest relative importance.

In conclusion, stakeholders in oncology prefer post-marketing effectiveness data and post-marketing
safety data along with approval data in the case of biosimilars in oncology. The combination of all post-
marketing data along with approval data will most likely result in preferring biosimilars over its reference
biological. Post-marketing studies will play a major role in the potential uptake of biosimilars in oncology
in the Netherlands, and are required before their implementation on a large scale can be realized.
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8. Discussion

This study shows that the AHP method was valuable in obtaining preferences of individual stakeholders
in oncology regarding biosimilars. Before a significant uptake of biosimilars in oncology can be expected
in the Netherlands and in Europe, it is necessary to take the preferences of stakeholders into account. The
results of this research show that the potential cost savings of biosimilars play a small role in the decision
to prescribe them. Post-marketing immunogenicity studies, but most of all post-marketing effectiveness
and post-marketing safety studies could, in contrast, play an important role in their uptake. One should,
however, be careful with the interpretation of the results of this study. The sample size of this study is
small. This small sample size is partly a result of the relatively high exclusion rate, due to both
inconsistent judgments and very strong or extreme baseline preferences for biosimilars. Excluding these
judgments from the analysis could have had an impact on the validity of the obtained outcomes. In the
analysis of the results, judgments with a consistency ratio lower than 0.20 were included. Saaty, however,
states that judgements are consistent when their consistency ratio is lower than 0.10. The subgroup
analysis of this study shows that the ranking is similar when a consistency ratio threshold of 0.20 is
maintained. Therefore, it could be questioned if this threshold of 0.10 should be retained. If this threshold
was maintained, valuable judgments would have been lost, and the sample size would have been smaller.
It should, however, be noted that the group with a consistency ratio of 10-20% had higher variability in
their judgments. A reason for this finding might be that the consensus in the group with a consistency
ratio of 0-10% was almost 20% higher in comparison with the group with a consistency ratio of 10-20%.

With regard to the small sample size, it should be noted that representable and reliable results are obtained
with the AHP when applied in both (small) representative panels and large groups. The fact that
guestionnaires are used implies, however, that subjective judgments are obtained. The subjective
judgments provide an overview of the preferences of the stakeholders, but they don’t provide statistical
representativeness. In addition, statistical analyses are performed to investigate if the decision criteria
have an effect on the preferences of the respondents, and if this effect is important (significant) or not.
According to these analyses, it was investigated what additional information can be associated with
higher odds of preferring biosimilars over its reference biological. This association replies, however, with
the baseline score as provided by the respondents, i.e. bias towards either biosimilars or its reference
biological could have a possible effect on the results. Further research is required to investigate if the
obtained judgments and priorities are generalizable and representable in the Dutch oncology setting.

From the results it can be observed that the standard deviations of the priorities are broad and the level of
inconsistency is relatively high. This might be caused by the small sample size of the survey. Another
explanation could be that the preferences of the respondents are diverse, partly due to their various
backgrounds. Even though the preferences are highly variable, post-marketing effectiveness data and
post-marketing safety data are obviously preferred, with cost savings as the least important criteria. This
sequence in preferences is also mentioned by the American Society of Clinical Oncology (ASCO)® in the
oncology setting. Hummel et al. mentioned that many decision criteria and decision alternatives, and
consequently a long (online) questionnaire, could potentially result in more inconsistent judgments’™.
This survey used a small number of decision criteria and decision alternatives, resulting in a small number
of pairwise comparisons. The level of inconsistency is, however, still relatively high. This can be partly
explained by the consistency ratio threshold of 0.20. Lower levels of inconsistency could be obtained
when a larger consistency ratio is maintained. Besides, a representative panel could be used to increase
the level of consistency.
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The AHP method typically uses one, fixed alternative. In this survey, respondents could choose between
five alternative biological products. The product selected was used in the description of the case example.
Thus, instead of one general case example, the case example differed per chosen biological product. This
was necessary, since multiple stakeholders were approached and every respondent had to be familiar with
(one of) the product(s) listed. It must be realized that the outcome of the survey depends on the reference
biological that is being evaluated by the respondent. The fact that different reference biologicals are
evaluated, in combination with the small sample size, results in the fact that it is hard to generalize the
obtained findings. It is, however, important to have an idea of which reference biological product the
respondents are considering when completing the online questionnaire. Every biological product differs in
effectiveness, potential adverse events and duration of action. These differences are reflected by the
obtained results of this survey. The respondents who choose for the product tyrosine kinase inhibitor, e.g.
Imantinib, had the highest preference for post-marketing effectiveness studies. Imantinib plays a major
role in stopping or diminishing tumor growth and progression and is generally used to treat patients with
leukemia, for instance chronic myeloid leukemia (CML). Current effectiveness of Imantinib is solely
based upon studies with newly diagnosed CML patients®. Besides, it is known that Imantinib could
decrease the drugs’ blood levels, resulting in decreasing the effectiveness of this particular cancer
treatment®®. These might be reasons that respondents, who are most familiar with this tyrosine kinase
inhibitor, prefer post-marketing effectiveness data of biosimilars of this reference biological.

The respondents who chose human vascular endothelial growth factor inhibitor, e.g. Bevacizumab, had
the highest preference for post-marketing safety studies. Bevacizumab is used to attack the protein that
allows the cancer cells to grow blood vessels®. Concerns are that the usage of Bevacizumab might
interfere with the processes in the body that regulate the growth of blood vessels. Consequently, adverse
events as bowel perforation, coronary artery disease and peripheral artery disease might worsen the health
condition of the patient®®, In addition, bevacizumab is an off-label drug. In 2012, a head-to-head trials
are performed with regard to Bevacizumab and the golden standard, licensed, Ranibizumab. From this
study, it could be concluded that the usage of Bevacizumab resulted in higher risks of adverse events®.
These might be reasons that the respondents who chose human VEGF prefer post-marketing safety
studies before they are willing to prescribe its biosimilar product. It should, however, be noted that in the
case of tyrosine kinase inhibitor as well as in the case of human VEGF only two respondents completed
the questionnaire. Further research is required to obtain a sample size that is able to generalize the
findings.

From the subgroup analysis regarding the respondents’ background it was found that preferences differ
per stakeholder group. First, hematologists moderately prefer the reference biological over the biosimilar,
where oncologists tend to have a more equal preference between both products. When biosimilars in
oncology are compared with biosimilars in other application fields, it is important to note that the
characteristics of cancer patients differ from other patients. In the field of oncology, drugs are mostly
prescribed to patients whose immune system is suppressed. This indicates that these patients have an
increased risk of complications. In addition, drugs are also prescribed to healthy donors, who don’t have
any therapeutic benefit of receiving the particular drug®. For this reason, oncologists and hematologists
are required to have a certain amount of knowledge about the equivalence of biosimilars. The current
knowledge about biosimilars in oncology is, however, limited, which might explain their skeptical
attitude towards biosimilars. In contrast, the physicians and the other backgrounds’ as encompassed by
the term ‘other’ have a baseline preference which slightly to moderately favors the biosimilar over its
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reference biological. There is a possibility that the respondents in these groups have more knowledge
about biosimilars from other application fields. Currently there are, however, no studies that mention
similar findings.

In addition, oncologists prefer post-marketing effectiveness studies over other post-marketing data. Even
though biological products are said to be more targeted when compared to other drug treatments, healthy
cells are still attacked and killed by the cancer drug. Consequently, the immune system of the patient is
impaired and suppressed. As a result, the patient might experience toxic side effects. Oncologists,
however, consider a certain benefit-risk ratio in treating their cancer patients, where some side effects are
tolerated if the benefits of the drug outweigh the risks. Cancer is a life-threatening disease, and the effects
of cancer on the human body can be more serious than the side effects of the treatment%2, Therefore, in
the benefit risk evaluation of the treatment, it can be stated that oncologists relatively prefer the benefit of
an effective treatment over its potential risks, explaining their preference for post-marketing effectiveness
data regarding biosimilars over the other post-marketing data.

In contrast with the preferences of the oncologist, the physicians prefer post-marketing safety data over
the other post-marketing data. Besides, physicians have highly variable judgments with regard to post-
marketing effectiveness data. Reasons for these findings might be the small sample size of this
stakeholder group or that this is a representation of the individual preferences of the physicians. Second,
since a distinction is made between oncologists and physicians, chances are that, partly due to the
snowball sampling method, the questionnaire is forwarded to physicians of broad specialties. Therefore, it
is possible that the physicians included in this survey could have different preferences regarding
biosimilars due to their backgrounds. The subgroup analyses showed interesting findings with regard to
different preferences among the various subgroups. These differences are showed by graphs and box
plots. When one takes a look at these figures it stands out that, in some cases, the median varies widely
from the average values. A reason might be the level of variability in judgments among the various
stakeholder group, in combination with the small sample sizes of some of the stakeholder groups included
in the subgroup analyses.

According to the findings, the level of variability in judgments regarding post-marketing safety data is
higher than the level of variability in judgments about post-marketing immunogenicity data. Even though
definitions of both decision criteria were provided in the questionnaire, it is possible that the term
immunogenicity is more specific and clear to the respondent than the term safety. Safety can relate to
relatively mild adverse events, but also relate to life-threatening adverse events. Notwithstanding a
distinction is made between immunogenicity and safety, it is a possibility that the respondents see
immunogenicity as a component of safety. Thus, the respondents might have evaluated safety as a broader
concept, resulting in being more concerned about safety than about immunogenicity. Although the
obtained findings are variable, all judgments regarding the potential cost savings of biosimilars in this
survey are highly similar with less variability. This might be explained by the fact that it is known that
biosimilars have the potential to lower costs, but this criteria is not of major importance to the
stakeholders in oncology.

The respondents included in the analysis had a mean baseline preference that is represented by an equal to
moderate preference for the reference biological. No considerable difference in mean baseline preference
is observed between the group that had ever prescribed, dispensed or administered a biological product
and the group that had never carried out any of these actions. One respondent mentioned that he or she, or
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a close family member, had experienced a serious or a life-threatening adverse reaction from a biological
product. The baseline preference of this respondent for the biosimilar is lower when compared to the
mean baseline preference of the whole study population. This experience could possibly explain the
skeptic attitude towards biosimilars.

The findings of the current survey show differences and similarities when compared with the findings of
the pilot study. It is found that in both studies a total of 7 respondents are excluded from the analysis due
to a very strong or extreme baseline preference for the biosimilar. One could suggest that this are the
same people as included in the pilot study. Chances are that the same people are approached because of
the fact that the snowball sampling method is used. It is, however, unlikely that these 7 people are the
exact same people as approached in the pilot study. First of all, the pilot study included respondents from
the United States. This study only included respondents from the Netherlands. Besides, the answers
obtained from the demographic questions differ in such a manner that it is improbable that the Dutch
respondents included in this survey are similar to the respondents from the pilot study.

Besides this similarity between both studies, also differences were found. An explanation for the
differences could be that in the pilot study also respondents from the United States were included. The
experience with biosimilars between these two countries is worth mentioning, and might have caused the
differences in priorities and baseline preferences. The mean baseline preference regarding biosimilars of
the Dutch respondents was, however, higher when compared to the mean baseline preference of the
current study. The different study sampling techniques might be a reason for these differences. The swing
waiting questions were, for instance, removed from the questionnaire, since respondents indicated having
difficulties answering these questions in the pilot study. Second, the pilot study used a clinical vignette in
which a reference biological drugs was used of which the biosimilar already was approved. This survey,
however, used reference biological products of which the biosimilar are not approved yet. The fact that
the respondents don’t have any previous experience with the biosimilar they had to take into account,
might have caused the differences in baseline preferences. Another reason could be that the judgments
regarding biosimilars in oncology have changed over time, due to, for instance, more knowledge about
and experience with biosimilars. Furthermore, the types of questions asked in the pilot study differ from
the types of questions asked in this survey. The pilot study used, among others, the swing weighting
technique, where this study made use of a combination of the AHP and the DCE technique.

To determine the preferences of stakeholders in oncology, the multi criteria decision analysis is used. The
findings of this study can be supportive in the decision making regarding the uptake of biosimilars in
oncology. Using MCDA made the preferences and the underlying problems more transparent. Of the
various MCDA methods, the AHP is chosen to elicit the preferences. The AHP method can be seen as a
value measurement model in which direct rating is asked from the respondent. When one reflects the
AHP method used in this survey, however, some limitations can be drafted. Since the first part of the
questionnaire is a combination of both the AHP and the discrete choice experiments, additional
calculations were required. As a result of these calculations, chances are that some detailed information
has been lost regarding the preferences of the respondents. Second, using pairwise comparisons with the
1-9 reciprocal, ordinal scale could have increased the complexity of making a distinction between the
answer options. Respondents could have problems with answering the questions if the criteria is, for
instance, 2 or 3 times more important than the other criteria. None of the respondents indicated, however,
that they had difficulties with answering the questions of the survey. Another disadvantage of the AHP is
that many decision criteria and alternatives result in a large number of pairwise comparisons. This
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limitation does, however, not apply for this survey since a small number of decision criteria are asked. A
requirement for the decision criteria used in MCDA and AHP, is that the criteria must be judgmentally
independent. The decision criteria used, i.e. effectiveness, safety and immunogenicity, are all related to
each other. Even though definitions are provided of these three criteria in which the distinction is
explained, chances are that the respondents didn’t make a clear distinction in judging these criteria.

In this survey, the Analytic Hierarchy Process proved to be valuable in determining preferences of a
variety of stakeholders under complex circumstances. The preferences of the stakeholders were clear with
reference to the AHP method, and significant differences in decision criteria are found. By means of this
study more insight is gained regarding the uptake of biosimilars in the Dutch oncology setting. The main
limitation of this study is, however, that it has a small sample size. As a consequence, it is hard to
generalize the obtained findings. Consequently, the sample size of each of the stakeholder groups is small,
and the group encompassed by the term ‘other’ represents preferences of eight individual backgrounds.
Future research is recommended to obtain a sample size that is able to generalize the findings. In addition,
the fact that other criteria are mentioned by the respondents implies that here are other criteria that are
important in the decision-making regarding biosimilars. Second, the respondent with a negative
experience with biological products had a baseline preference which was considerably more in favor of
the reference biological. More qualitative studies regarding stakeholders’ attitudes and perceptions about
biosimilars beyond safety, effectiveness, immunogenicity and costs savings are required. Finally, it was
indicated by the respondents that they have less resistance against biosimilars when they have to threat a
new patient. When they, however, have to switch the treatment of a patient who is already (effectively)
treated with a biological product to biosimilar, they are considerably less positive towards biosimilars.
Thus, further research should focus on switching to biosimilars during the cancer treatment.
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Appendix A: Questionnaire

Survey Regarding the Use of Biosimilars Compared to Use of Reference

Biological Drugs

Dennis W. Raisch, PhD'?2, Maarten ljzermann?, PhD; Charles L. Bennett, MD, PhD?
L University of New Mexico, College of Pharmacy
2 Department of Health Technology and Services Research, University of Twente

3 The Southern Network on Adverse Reaction (SONAR) project, the South Carolina Center of Economic Excellence for

Medication Safety, University of South Carolina College of Pharmacy

This survey is to gather your perceptions about reference biologicals compared to biosimilars, which can be
marketed after a biological product reaches its patent expiration date.

This survey consists of three parts: (1) questions about your preferences with regard to reference biologicals and
biosimilars, (2) questions about different criteria in the decision-making process that are important to you, and (3)
questions about your demographics.

We are asking about your opinions. There are no right or wrong answers. All your responses are_anonymaous.
It takes about 15 minutes to complete the questionnaire. Thank you very much for your time and effort!

Before the questionnaire starts, a few facts about biosimilars will be presented:

At $170 billion in sales in 2012, biologicals are the fastest growing pharmaceutical products and account
for 5 of the top 10 products in terms of sales.

Once a reference biological product (the originator) reaches its patent expiration date, guidelines for
approval of biosimilars have been established by the Food and Drug Administration, European Medicines
Agency, and World Health Organization.[] The guidelines require at least one equivalence (or non-
inferiority) study compared to the reference biological, with or without a placebo arm.

Biosimilars are uniquely bioengineered and are not exact copies of the reference biological, but are
considered equivalent in terms of efficacy, safety, immunogenicity, pharmacokinetics, and
pharmacodynamics.

Equivalence in safety means that the biosimilar is similar to the reference biological in frequency and
severity of adverse events.

Equivalence in immunogenicity means that the biosimilar is similar to the reference biological in
frequency and severity of immune response.

The marketing approval for a biosimilar is granted based upon studies typically performed in a smaller
number of patients compared to the number required for approval of the reference biological application.
Post-marketing effectiveness and safety, including immunogenicity, studies for biosimilars may be
required by regulatory agencies on a case-by-case basis.[] Post-marketing studies have larger sample sizes
and provide additional evidence of equivalence through observational methods (such as patient registries)
and/or clinical trials.[]

Biosimilars are priced less than the reference biological, so their use may reduce treatment costs.

For the first 7 questions, please consider this scale:
Value Meaning
1 Equally preferred
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3 Moderately preferred

5 Strongly preferred

7 Very strongly preferred

9 Extremely preferred
2,4,6,8 | Intermediate values

The first part includes 8 questions about comparing your preferences of reference biologicals and biosimilars. Each
of these 8 questions will be provided with a graphic. The graphic looks like this:

Approval Data Post-marketing Post-marketing Safety Cost is 50% less

Effectiveness Data Data

Post-marketing
Immunogenicity Data

This graphic depicts which information is available for the biosimilar with green shading. This green shading shows
the available information for the biosimilar in that particular question. Assume that the following graphic is
provided:

Approval Data Post-marketing Post-marketing Safety Cost is 50% less

Effectiveness Data Data

Post-marketing
Immunogenicity Data

This means that the approval data and the post-marketing effectiveness data is available for the biosimilar in this
question. Assume that the data without the green shading is not available or applicable to the question.

For the next group of questions an example will be provided. The questionnaire will start after this example.

Assume in this survey that the approval data shows evidence in a limited number of patients, that the biosimilar
performs equally well in terms of effectiveness, safety and immunogenicity as the reference biological.

The item below is an example where someone has indicated that, given approval data only for the biosimilar, he/she
moderately prefers to use a biosimilar over a reference biological:

Very Very
Extremely strongly Strongly Moderately Equally Moderately Strongly strongly Extremely
preferred preferred preferred preferred preferred preferred preferred preferred preferred
9 8 7 6 5 4 3 2 1 2 3 4 5 6 7 8 ]
Reference
Biological C Biosimilar
Product

1. General question: Given a patient who may benefit from a reference biological and there is a newly-
marketed biosimilar available at 25% lower cost. The approval data shows that the biosimilar performs
equally well as the reference biological in terms of effectiveness, safety and immunogenicity. Would you
prefer using the reference biological or the biosimilar? And to what extent do you prefer this decision?

Approval Data
Only

Post-marketing
Effectiveness Data

Post-marketing Safety
Data

Post-marketing
Immunogenicity Data

Cost is 50% less

Reference |98 |76 |5[4[3[2|1]2]3[4]|5][6]7]8]9]|Biosimilar |
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Biological [ o [o [o[o]o|o|o[o]o]o|o[o]o]o]o]o]o]

2. Which of these reference biological products do you most often prescribe for cancer treatment/are you the
most familiar with?

O O O O O

You have selected: .

CD20 antigen inhibitor, e.g. Rituximab (Rituxan, Mabthera)
Human epidermal growth factor receptor 2 (HER-2) inhibitor, e.g. Trastuzumib (Herceptin)
Human vascular endothelial growth factor inhibitor, e.g. Bevacizumab (Avastin)

Tyrosine kinase inhibitor, e.g. Imantinib (Gleevac)
Epidermal growth factor receptor inhibitor, e.g. Cetuximab (Erbitux)

In answering the upcoming questions, consider a “typical” oncology patient who you treat with the biological
product you selected. The patient has no contraindications, physiological abnormalities, or co-morbidities that might
preclude its use. Assume that a biosimilar for the reference biological has been approved by the FDA and the EMA
and is available (at lower cost) in your practice setting.

Unless specified in the question, assume that only approval data is available. In particular: there is no post-
marketing information on effectiveness, safety or immunogenicity.

3. Assuming that only approval data exist and the biosimilar cost is 25% less than the reference biological,
would you prefer using the reference biological or the newly-marketed biosimilar? And to what extent do
you prefer using the reference biological or the biosimilar?

Approval Data

Post-marketing

Post-marketing Safety

Post-marketing

Cost is 50% less

Only Effectiveness Data Data Immunogenicity Data
Reference | 9 |8 | 7|6 |5 | 4 2|11]|2]3 5|6 | 7| 8] 9 | Biosimilar
Biological | o | 0 o|o o|o olo|o|of|oO

4. Assuming that only approval data exist and the biosimilar costs 50% less than the reference biological
would you prefer using the reference biological or the newly-marketed biosimilar? And to what extent do
you prefer using the reference biological or the biosimilar?

Approval Data
Only

Post-marketing
Effectiveness Data

Post-marketing Safety
Data

Post-marketing
Immunogenicity Data

Cost is 50% less
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Reference | 9
Biological | o

Biosimilar

5. Assuming that approval data exist plus a post-marketing study has shown that the biosimilar has equal
effectiveness (and cost is 25% less), compared to the reference biological would you prefer using the
reference biological or the biosimilar? And to what extent do you prefer using the reference biological or

the biosimilar?

Approval Data

Post-marketing
Effectiveness Data

Post-marketing Safety
Data

Post-marketing
Immunogenicity Data

Cost is 50% less

Reference | 9
Biological | o

Biosimilar

Assuming that approval data exist, plus a post-marketing study has shown that the biosimilar has equal

safety (and cost is 25% less) compared to the reference biological would you prefer using the reference
biological or the biosimilar? And to what extent do you prefer using the reference biological or the

biosimilar?

Approval Data

Post-marketing

Post-marketing Safety

Post-marketing

Cost is 50% less

Effectiveness Data Data Immunogenicity Data
Reference | 9 | 8 6|5 3 213456 ]| 7| 8|9 |Biosimilar
Biological |o|o|o|o|o0|0|0]|O olo|lo|o|o|o|oO]|oO

Assuming that approval data exist, plus a post-marketing study has found that the biosimilar has equal

immunogenicity (and cost is 25% less) compared to the reference biological; would you prefer using a
reference biological or the biosimilar? And to what extent do you prefer using the reference biological or

the biosimilar?

Approval Data

Post-marketing
Effectiveness Data

Post-marketing Safety
Data

Post-marketing
Immunogenicity Data

Cost is 50% less

Reference | 9 | 8
Biological | 0 | o

Biosimilar

8.

Assuming the biosimilar costs 25% less than the reference and is equal in efficacy, safety, and

immunogenicity based upon post-marketing research, would you prefer using the reference biological or
the biosimilar? And to what extent do you prefer using the reference biological or the biosimilar?

Approval Data

Post-marketing

Post-marketing Safety

Post-marketing

Cost is 50% less

Effectiveness Data Data Immunogenicity Data
Reference | 9 | 8 6|5 3 213|456 ]| 7| 8|9 | Biosimilar
Biological |o|o |0 |0 |0 |0 |O0|O olo|o|o|0o|O0O|O]|oO
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9. Assuming the biosimilar costs 50% less than the reference and is equal in efficacy, safety, and
immunogenicity based upon post-marketing research, would you prefer using the reference biological or
the biosimilar? And to what extent do you prefer using the reference biological or the biosimilar?

Approval Data Post-marketing Post-marketing Safety Post-marketing Cost is 50% less
Effectiveness Data Data Immunogenicity Data

Reference | 9|8 | 7|6 |5|4|3|2|1|2|3|4|5|6/|7]|8]|9 |Biosimilar
Biological | o |o|0o|0o|0|0|0|0O|O|O|O|O|O|O|O|O]|O

You have finished part 1. For the questions of part 2, you are asked to choose between two different criteria. There
are no right or wrong answers, we are asking about factors that are important to you personally. Good luck with
filling in the questions!

Criteria weighting questions
Assessing relative importance of criteria

10. What post marketing data would be more important to you: evidence on the effectiveness or evidence on

the safety of the biosimilar? And to what extent do you consider this criteria to be more important?
Effectiveness 98 |7|6|5|4(3|2|1|2|3|4[5([6/|7]|8]9 | Safety
olo|o|o|lo|o|lo|Oo|O|O|O|O|O|O|O|O]|O

11. What post marketing data would be more important to you: evidence on the effectiveness or evidence on
the immunogenicity of the biosimilar? And to what extent do you consider this criteria to be more
important?

Effectiveness 9 (8|7 |6|5|4[3|2|1|2|3[4[5|6]|7]|8]|9 |Immunogenicity
o/lo|o|o|o|o|o|o|0o|O|O|O|O|O|O|O|O

12. What post marketing data would be more important to you: evidence on the safety or evidence on the
immunogenicity of the biosimilar? And to what extent do you consider this criteria to be more important?

Safety 9 (8|7 |6|5|4[3|2|1|2|3[4[5|6]|7]|8]|9 |Immunogenicity
o/lo|o|o|o|o|o|0o|0o|O|O|O|O|O|O|O|O

13. What would be more important to you: post marketing data on effectiveness or cost savings from the
biosimilar? And to what extent do you consider this criteria to be more important?

Post-marketing 98 |7|6|5|4|3|2|1|2|3|4[5[6]|7]|8]|9 | CostSavings
Effectiveness olo|o|o|o|o|o|lo|]o|O|O|O|O|O|O|O]|oO
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14. What would be more important to you: post marketing data on safety or cost savings from the
biosimilar? And to what extent do you consider this criteria to be more important?

Post-marketing 9|8 |7|6|5|4|3|2|1|2|3|4[5[6]|7]|8]|9 | CostSavings
Safety o/lo|o|o|o|o|o|o|o|O|O|O|O|O|O|O|O

15. What would be more important to you: post marketing data on immunogenicity or cost savings from the
biosimilar? And to what extent do you consider this criteria to be more important?

Post-marketing 918 |7|6|5|4|3|2|1]2|3|4|5|61|7]|8/|9 | CostSavings
Immunogenicity |o|o|o|o|0o|0|O0O|O0O|O0O|O|O|O|O|O|O|O|O

16. If applicable, please list any other important criteria in deciding whether to use a biosimilar instead of a
reference biological product:

You have also finished part 2. In the last part of the survey, only a few simple questions will be asked about your
demographics. After these questions, the survey is finished. Good luck with the final questions!

Demographics and Background

17. Please check the range that includes your age (in years):

<30 years
31-40
41-50
51-60

>60 years
No answer

0O O 0O O O O

18. Please check your gender:

o Male
o Female

19. Please check the role that best describes your primary activity:
o Physician
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Oncologist
Pharmacist
Nurse

Other:
No answer

O O O O O

20. What is your primary activity?

Clinical care provider

Involved in health care formulary decisions

Involved in benefits structure for health payer
Government policy maker

Researcher (clinical trial, basic science, health services)
Pharmaceutical company (any role)

Teaching at a University or Medical Facility

Other:

No answer

O O O 0O O 0 O O O

21. Have you ever prescribed, dispensed, or administered a biological product?

o Yes
No
o No answer

22. Have you ever received a biological product as a patient?
o Yes
No

o No answer

23. Have you or has a close family member ever experienced a serious or life threatening adverse reaction from
a drug or biological product?

o Yes
No

o No answer

24. Please provide any comments or suggestions you have about the survey:

The questionnaire is finished. Thank you very much for your cooperation!

If you know individuals who could complete this questionnaire based on their background, | kindly ask you to
forward the following link to them:
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https://surveys-igs.utwente.nl/index.php?r=survey/index/sid/739124/lang/en
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Appendix B: Literature search

The systematic literature review is carried out by performing a literature search in the databases PubMed
and International Pharmaceutical Abstracts (IPA). The following search term is used in both databases to
find articles:

("Biosimilar Pharmaceuticals"[Majr] AND ("humans"[MeSH Terms] AND English[lang]))

The articles found were screened on the basis of the title and the abstract, to identify articles that were
eligible for the review. Criteria to include articles were: (1) the study design must provide a comparison
of biosimilars, (2) the result section must include data, (3) the article must focus upon oncology and (4)
the study must be published in the last five years. If articles were excluded, the reasons were: (1) the
article was an editorial, (2) it was an in vitro study, (3) it was a descriptive summary, (4) it was a phase |
or phase Il study, or (5) the article could not be located.

Literature Search
Database: PubMed, International Pharmaceutical Abstracts (IPA)

MeSH term: "Biosimilar pharmaceuticals”
restricted to MeSH Major Topic

Filters: "English language™ and "Human species" articles only

Search results combined (n=189)

Atrticles screened on basis of title and abstract

Excluded (n=175):

- Editorials

- In vitro studies

- Descriptive summaries

- Phase I or phase |1 study

- Not published in the last five years
- Not focusing on oncology

Articles included in the final review (n=14)

v

Efficacy (n=14)

Immunogenicity
(n=2)
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Appendix C: Results of the individual studies

Manko, J., et al. Pharmacol Rep. 2014;66(2): 239-242.

Drug G-CSF (Zarzio®)

Study design Randomized trial

Number of participants 108

Treatment Patients (Multiple myeloma, non-Hodgkin’s or Hodgkin’s lymphoma)
Effectiveness, safety and/or Effectiveness, safety

immunogenicity

Main results Originator group: 95% didn’t mobilize enough CD34+ cells,

Biosimilar group: 11% didn’t mobilize enough CD34+ cells,
Adverse events were comparable between both groups,
Safety and efficacy were comparable between both groups.
Negative findings No time-frame was mentioned
Positive findings A control group was used,
Wide range (age) was used (19-69 years),
Multiple diagnoses were taken into account,
Both female and male patients included.

Publicover, A., et al. Br J Haematol. 2013;162(1):107-111.

Drug G-CSF (Ratiograstrim ®)

Study design Observational

Number of participants 285

Treatment Patients (Peripheral blood stem cell harvest)
Effectiveness, safety and/or Effectiveness

immunogenicity

Main results Intervention group: N=154,

Control group: N=131,
Differences between both groups were not significant,
The use of G-CSF can result in cost savings.

Negative findings In both the originator and the biosimilar group some harvest were
‘inadequate’ (respectively 12 and 16%).
Positive findings A control group was used (received Neuprogen®),

A large time period (data of 3 years included),
The control group received the originator.
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Remenyi, P., et al. Adv Ther. 2014:31(4):451-460.

Drug G-CSF (rhG-CSF)

Study design Observational

Number of participants 110

Treatment Patients (Hematological/lymphoid malignancies)
Effectiveness, safety and/or Effectiveness, safety

immunogenicity

Main results Study I: N=70; Study I11: N=40,

The median duration to (neutrophil/leukocyte/platelet) engraftment was
comparable between both studies,

The biosimilar and the originator can be compared in terms of both kinetics
of PBSC mobilization and the proceeds of CD34+,

The use of the biosimilar can be seen as safe and effective.

Negative findings Study | consisted of more male patients (60%),
Study Il consisted of more female patients (57,5%).
Positive findings Patients from two medical centers included,

Two studies compared to each other.

Schmitt, M., et al. Bone Marrow Transplant. 2013;48(7):922-925.

Drug G-CSF (XM02) |
Study design Observational

Number of participants 44

Treatment Patients/donors (PBSC mobilization)

Effectiveness, safety and/or Effectiveness, safety

immunogenicity

Main results Group 1: 22 patients, Group 2: 22 donors,

In both groups: 54.5% donors (N=6) reported arthralgia’s (expected),
Effectiveness and safety aspects are comparable between the biosimilar and
the originator group,

Incidence of graft rejection and possible side effects/adverse events was
comparable between both groups.

Negative findings Small sample size (N=44),
Only investigated short-term safety effects
Positive findings Two groups are compared to each other,

Engrafting was 100%.
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Sivgin, S., et al. Transfus Apher Sci. 2013;48(3):315-320.
Drug G-CSF (Neupogen, Leucostim)

Study design Observational

Number of participants 96

Treatment Patients (autoHSCT)

Effectiveness, safety and/or Effectiveness

immunogenicity

Main results The amount of PB CD34+ cells was higher when patients received Leucostim

compared with the Granocyte group,
Leucostrim can be compared with Neupogen in terms of PBSC mobilization.

Negative findings Single center experience,
Much more male patients included (71,8%).
Positive findings Multiple groups compared with each other,

Differences between groups of agents were not significant (p=0.067).

Yafour, N., et al, Transfus Clin Biol. 2013;20(5-6);502-4.
Drug G-CSF (Zarzio®)

Study design Observational

Number of participants 20

Treatment Patients (Hematological malignancies)

Effectiveness, safety and/or Effectiveness, safety

immunogenicity

Main results Group 1 (Biosimilar): N=10 / Group 2 (Neupogen): N=10,

The groups that are compared were comparable with regard to characteristics,
apheresis, engraftment and possible side effects/adverse events.

Negative findings Sample size is small,
80% of the participants was male,
No data available from RCTs.
Positive findings Two groups were compared,
Findings are consistent with other, comparable research regarding biosimilar
Zarzio®.
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lannoto, J.C., et al. Leuk Lymphoma. 2014:55(1):74-77.

Drug G-CSF

Study design Observational

Number of participants 115

Treatment Patients (Lymphoma/myeloma, receiving ASCT)
Effectiveness, safety and/or Effectiveness, safety

immunogenicity

Main results Group 1 (intervention): N=65 / Group 2 (control): N = 50,

No differences found between the biosimilar and the originator in terms of
safety and effectivity,
The parameters observed were “less favorable in patients with lymphoma
than in the patients with myeloma”,
The use of biosimilar G-CSF can result in significant cost reductions,
No reduction in hospitalization costs were noticed.

Negative findings More cases of bacteremia found in the lymphoma group that received the
biosimilar (although not significant),
A randomized study is needed to verify the obtained results.

Positive findings Two groups were compared,
The characteristics between the two groups were comparable,
The effects of the use of biosimilar G-CSF were observed using 19
parameters

Gascon, P., et al. Support Care Cancer. 2013;21:2925-32.

Drug G-CSF (Zarzio®) |
Study design Observational
Number of participants 1302 (49% breast; 17% lung; 15% blood cancer).
Treatment Patients (oncology patients with neutropenia after receiving cytotoxic
therapy)
Effectiveness, safety and/or Effectiveness, safety, immunogenicity
immunogenicity
Main results 29 patients (2,2%) got an episode of febrile neutropenia and

104 patients (8,5%) experienced grade four neutropenia = is in range with
previous studies,
Zarzio ® is effective in preventing neutropenia that is induced by
chemotherapy,
No remarkable safety issues occurred while using Zarzio ®,
Similar safety profile (8% bone pain versus 22% bone pain in the reference
biological),
Immunogenicity: no antibodies were found that could result in neutralizing.
Negative findings All included studies were not interventional,
Of 16% of the patient it was unknown which treatment they had received,
In two studies there were some disturbances regarding chemotherapy
regimens (10% and 7% respectively).
Positive findings Pooled analysis of 5 post-marketing studies,
The included studies reported the clinical use of Zarzio ® in the real-life
setting,
Studies from 12 different EU countries, 3 single-center studies and 2 multi-
center studies,
All adult patients included (18 years and older),
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Multiple different cancer types included.

Sagara, Y., et al. Jpn J Clin Oncol. 2013;43(9):865-873,
Drug G-CSF (FSK0808)

Study design Non-randomized study

Number of participants 104

Treatment Patients (Breast cancer)

Effectiveness, safety and/or Effectiveness, safety, Immunogenicity
immunogenicity

Main results Average time duration of neutropenia: 2.2+1.5 days,

Febrile neutropenia (incidence): 34.6%,
Multiple adverse drug reactions occurred in >5% of the patients,
Back pain was the most common adverse drug reaction (60,6%),
No anti-G-CSF antibodies found before and after treatment with the
biosimilar (N=102).
Negative findings Non-randomized setting (no control group consisting of patients receiving the
originator used),
A total of 20 patients excluded from the analysis (efficacy) due to various
reasons,
104/104 patients (100%) experienced an AE,
A total of 1795 AE reported.
Positive findings Results are comparable with findings regarding AE of the originator.

Salesi, N., et al. Future Oncol. 2012:8(5):625-30.

Drug G-CSF (Zarzio®) |
Study design Observational

Number of participants 48

Treatment Patients (Solid tumors)

Effectiveness, safety and/or Effectiveness, safety

immunogenicity

Main results Group 1 (primary prophylaxis): N=37 /

Group 2 (secondary prophylaxis): N=11,
3 patients experienced febrile neutropenia (= 6,25%),
6 patients experienced nonfebrile (grade four) neutropenia (=12,5%),
According to the findings, biosimilar G-CSF can be seen as both safe and
effective in patients suffering from neutropenic complications.
Negative findings The length of administration (median) was only seven days,
Difference in the sample size per group is relatively large,
Single-centered and small sample size,
No control group (originator) was used.
Positive findings Two groups compared to each other,
Febrile neutropenia can be effectively treated with antibiotics, no
hospitalization necessary.
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Verpoort, K. and Mohler, T.M. Ther Adv Med Oncol. 2012;4(6):289-293.
Drug G-CSF (Zarzio ®, Filgrastim Hexal ®)

Study design Observational

Number of participants 102

Treatment Patients (various types of cancer)

Effectiveness, safety and/or Effectiveness, safety

immunogenicity

Main results Group 1 (biosimilar): N=77 / Group 2 (originator): N=25,

Biosimilar can be compared to the originator in terms of clinical outcomes,
No safety problems occurred,
In 91% of the patients the usage of the biosimilar resulted in preventing dose
reductions and discontinuation,
6,5% of the patients needed a dose reduction,
2,5% of the patients needed to discontinue.
Negative findings Only patients from one center (single center),
77 patients received the biosimilar, versus 25 patients who received the
originator,
Mostly elderly (median age is 67 years).
Positive findings Patients from a large community practice specialized in oncology were
included,
The age of the included patients differed between 20-83 years,
Multiple types of cancer included,
2.5-year time period,
Two groups are compared with each other.

Castelli R., et al. Ann Hematol. 2014 Sep;93(9):1523-9.

Drug Epoetin (Binocrit) |
Study design Observational

Number of participants 24

Treatment Patients (MDS patients)

Effectiveness, safety and/or Effectiveness

immunogenicity

Main results 14 male patients, 10 female patients,

16 of the 24 patients got an erythroid response (67%),
15 of the 24 patients got independent from transfusion (62,5%),
7 of the 24 patients did not respond to the biosimilar (29,1%),
The values of Hb were much higher (in the group of patients that responded
to the biosimilar) after treatment compared with the Hb level before treatment
(p<0.001),
No single patient experienced major adverse/side effects.

Negative findings Only tested in patients with the age of >65 years (average 72 years),
No control group was used (to compare with the originator ESA),
Short-term (12 weeks of therapy, follow-up again 12 weeks),
Small sample size.

Positive findings Significant, positive relation between Hb-improvement and the variety in
FACT-An scores,
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Positive correlation between ER and improved cognitive functions + QoL in
patients with MDS,

Only newly diagnosed MDS patients were included,

Responders rate is comparable with already conducted, comparable data
regarding the originator drug.

Kerkhofs, L., et al. Future Oncol. 2012:8(6): 751-756.

Study design Observational

Number of participants 113

Treatment Patients (cancer, and anemia as a result of chemotherapy)
Effectiveness, safety and/or Effectiveness, safety, immunogenicity

immunogenicity

Main results 79% of the patients had a Hb response,

Response rates comparable between patients that received a dose of 30,000 in
comparison with the group that received a dose of 40,000 1U/week,

Hb response rate increased when patients received iv. Iron in comparison
with patients that did not received iv. Iron (93% vs. 77%; significant),

No serious adverse events reported.

Negative findings No control group was used
Positive findings Five European centers included (Netherlands, France, Italy, Romania, and
Spain).

Schmitt, M., et al. Theranostics. 2014:4:280-9.

Drug G-CSF |
Study design Comprehensive review

Number of participants 904

Treatment Patients (Hematological malignancies)

Effectiveness, safety and/or Effectiveness, safety, immunogenicity

immunogenicity

Main results No differences according to post transplantation engraftments between

originator/biosimilar group (effectiveness is comparable),
No differences regarding to side effects between originator/biosimilar group,
No increase in toxicity found,
Immunogenicity: differences between originator/biosimilar groups were not
significant.

Negative findings No summarization of the data/data analysis included,
Chances are that there is a conflicts of interest among the authors,
Non-randomized setting (no control group used).

Positive findings Sample size is relatively large (N=904),
If possible, siblings were included in the research.
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Appendix D: Literature review effectiveness outcome measures

WBC Count/leukocytes/nemoglobin/platelets (x10%/L):

Author, year

(Primary) Outcome

Outcome Biosimilar

Outcome Reference

lannotto et al.,
20148

Manko et al.,
201478
Schmitt et al.,
20138
Yafour et al.,
201383

Measure(s)
BM recovery (Lymphoma):

Leukocytes (x10%L)
Hemoglobin (g/dL)
Platelets (x10%/L)

BM recovery (Myeloma):
Leukocytes (x10%L)
Hemoglobin (g/dL)
Platelets (x10°/L)

Number of PB CD34+ cells
(/uL)

WBC count in peripheral
blood (10%L)

WABC count in peripheral
blood (10%/L) (day 5)

Neutropenia / chemotherapy disturbance:

Author, year

(Primary) Outcome
Measure(s)

4.6 (min-max: 1-7.6),
11.5 (min-max: 9.1-15.7)
195 (min-max: 75-429)

5.3 (min-max: 2-8.7)

12.2 (min-max: 8.2-16.9)
220.9 (min-max: 78-361)
62.0 (2-394)

50.8 (min-max: 29.9-64.6)

35.5 (min-max: 26.6-65.4)

Outcome Biosimilar

Biological

4 (min-max: 1.9-8.2)
11.3 (min-max: 9.1-13.3)
207.9 (min-max: 45-426)

4.3 (min-max: 1.9-6.6)

12 (min-max: 8.9-14.5)
258.9 (min-max: 138-369)
47.5 (2-370)

43.3 (min-max: 27.1-62.5)

37.5 (min-max: 20.9-67.7)

Outcome Reference
Biological

0.17
0.44
0.53

0.14

0.64
0.05

0.27

0.96

Gascon et al.,
20138

Sagara et al., 2013%

Salesi et al., 201288

Verpoort &
Mobhler, 2012%

Episode of febrile
neutropenia

Incidence of neutropenia
(grade 4)

Chemaotherapy regimens
disturbance

Duration of neutropenia

Incidence of febrile
neutropenia

Incidence of neutropenia
(grade 4)

Incidence of neutropenia

Chemotherapy dose
reduction
Chemotherapy dose
discontinuation

N=29 (2.2%)

N=104 (8.5%)

Study I: 8/77 (10%),
Study 11: 27/307 (7%)
2.2+1.5 days

N=3 (6.25%)

N=6 (12.5%)

N=1

N=5 (6.5%)

N=2 (2.5%)

No control group used
No control group used
No control group used
No control group used
No control group used
No control group used
N=1

N=2 (8%)

N=2 (8%)
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Other outcome measures:

Author, year

(Primary) Outcome

Measure(s)

Outcome Biosimilar

Outcome Reference
Biological

Castelli et al., Erythroid response (ER) 67% got ER No control group used
2014
Number of transfusions 62.5% got independent from | No control group used
needed. transfusion,
29.1% did not respond to
the biosimilar
Kerkhofs et al., Hb response N=113 (79%) No control group used
20128
Hb response rate N=116 (81%) No control group used
(30,000 1U/week)
Hb response rate N=112 (78%) No control group used
(40,000 1U/week)
Remenyi et al., Time to absolute neutrophil 9 (min-max: 8-11) No control group used
20148 engraftment (days)
Time to absolute leukocyte 10 (min-max: 8-12) No control group used
engraftment (days)
Time to platelet engraftment | 10.5 (min-max: 7-19) No control group used
(days)
Schmitt et al., Differences in effectiveness None reported No control group used
2014%°
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