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Abstract

Background Few antibiotics have entered the market in recent years despite the need for new treatment options.
Some of the challenges of bringing new antibiotics to market are linked to the marketing authorization and health
technology assessment (HTA) processes. Research shows great variation in geographic availability of new antibiotics,
suggesting that market introduction of new antibiotics is unpredictable. We aimed to investigate regulatory authori-
ties’and HTA agencies'role in developing non-financial incentives to stimulate antibiotic research and development
(R&D).

Methods We conducted individual, semi-structured, stakeholder interviews. Participants were recruited from regula-
tory authorities (EMA and FDA) and HTA agencies in Europe. Participants had to be experienced with assessment

of antibiotics. The data were analyzed using a deductive and inductive approach to develop codes and identify key
themes. Data were analyzed using thematic analysis including the constant comparison method to define concepts,
and rival thinking to identify alternative explanations.

Results We found that (1) interpretation of key concepts guiding the understanding of what type of antibiotics are
needed vary (2) lack of a shared approach on how to deal with limited clinical data in the marketing authorization
and HTA processes is causing barriers to getting new antibiotics to market (3) necessary adaptations to the marketing
authorization process causes uncertainties that transmit to other key stakeholders involved in delivering antibiotics to
patients.

Conclusions A shared understanding of limited clinical data and how to deal with this issue is needed amongst
stakeholders involved in antibiotic R&D, marketing authorization, and market introduction to ensure antibiotics reach
the market before resistance levels are out of control. Regulatory authorities and HTA agencies could play an active
role in aligning the view of what constitutes an unmet medical need, and direct new economic models towards
stimulating greater diversity in the antibiotic armamentarium.
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Background

Antibiotic resistance has increased the need for new
antibiotics to combat bacteria that no longer respond to
treatment, but bringing new drugs to market has proven
difficult [1]. Antibiotic treatment courses usually have a
short duration, are scientifically challenging to develop,
and as resistance develops, risk becoming ineffective
[2—4]. The current economic model directly links return
of investment to unit sales, and incentivizes companies to
maximize sales [5]. At the same time, interventions are
put in place to reduce the use of antibiotics to slow down
antibiotic resistance. Ultimately, the financial return
on developing new antibiotics is considered too low by
the pharmaceutical industry, and many companies have
exited the field [3]. To attract companies to reinvest in
antibiotic R&D new financial and non-financial incen-
tives are needed [3-7].

Some of the non-financial incentives considered to
influence innovation are linked to the process of mar-
keting authorization, as well as pricing and public reim-
bursement. Designing clinical trial programs have proven
difficult, both due to scientific challenges as well as dif-
ferences between countries and regions regarding the
regulatory requirements on the design of clinical tri-
als included in the marketing authorization application
for new antibiotics [8-10]. Regulatory authorities have
sought to address these challenges by strengthening the
collaboration between them as well as with industry, and
by developing guidelines for antibiotics addressing areas
of important need [11-19]. Regulatory authorities have
a high concordance when approving antibiotics and have
become more harmonized with respect to approval time,
but differences are still seen concerning target indica-
tions and decisions to conduct priority review/acceler-
ated assessment [20—28].

After marketing authorization, pricing and reimburse-
ment schemes are decided through national processes
that, among others, involve the use of health technol-
ogy assessments (HTA). HTAs are generally understood
as multidisciplinary, systematic and transparent pro-
cesses for determining the value (e.g., cost-effectiveness)
of a health technology [29], and are used by govern-
ments and public and private health insurance schemes
to inform reimbursement decisions. In contrast to how
other drugs are evaluated, there are specific challenges
that are unique to antibiotics [30]. This includes measur-
ing the public health value of antibiotics, since antibiotics
not only helps the patient receiving the medication but
prevents the infection from spreading to other people,
as well as enabling other types of treatments and proce-
dures, such as chemotherapy and surgery. Use of HTA to
inform reimbursement decisions is increasing and repre-
sent a financial factor that is likely to influence innovation
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of antibiotics [31-35], yet little is known about HTA
agencies response to the challenges linked to making new
effective antibiotics available.

Research shows a great variation in geographic avail-
ability and considerable lag-time between regions in the
uptake of new antibiotics [36]. This suggests that there
are challenges in the marketing authorization and HTA
processes that makes market introduction of new antibi-
otics unpredictable. This could create uncertainty among
innovators about how their product will be valued by
healthcare systems. While most of the literature pertain-
ing to incentivizing antibiotic R&D has focused on the
role of new financial incentives and payment models,
there is an increasing interest in regulatory authorities
and HTA agencies role in stimulating innovation of anti-
biotics targeting unmet needs, including resistant bacte-
ria [12, 26, 35, 37-39].

This study aimed to answer the question if and in what
way regulatory authorities and HTA agencies can con-
tribute to the attempts to stimulate antibiotic R&D, pri-
marily through non-financial incentives. We investigate
this question by exploring the collective experiences
with assessing and valuing antibiotics and explore the
perceptions of those working in regulatory authorities
and HTA agencies. We identify barriers and facilitators
to antibiotic R&D and market introduction unique to the
processes managed by regulatory authorities and HTA
agencies, and potential barriers and facilitators result-
ing from the interaction between these two. Finally, we
explore potential strategies for getting new antibiotics to
market.

Methods

Study design

To answer the research question, this study used a
qualitative study design involving semi-structured
interviews with experts from regulatory authorities
and national HTA agencies. The COREQ checklist was
used to ensure explicit and comprehensive reporting
of study design characteristics (Additional file 1) [40].
The design of the study, development of the interview
guide, recruitment strategy, and analysis of results were
informed by a document review exploring the use of
the terms unmet medical need, novelty/novel drugs and
innovation by EMA, FDA and WHO (Table 1), a litera-
ture review and previous research by the research team
on the market introduction of new antibiotics [36]. The
purpose of the literature review was to determine the
primary theoretical perspectives guiding interpreta-
tion of the qualitative data and was conducted for pub-
lished articles on PubMed and Google scholar using
combinations of the following search terms: “regu-
latory approval’, “marketing authorization’, “market
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Table 1 Definitions and use of key concepts in major normative institutions
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Innovation Novelty Unmet medical need

WHO Defined as "Absence of cross-resistance to Not defined Not defined
existing antibiotics, new chemical class, new
target, or new mechanism of action."

EMA  Innovative medicine is defined as “A medicine  Novel drugs/therapies/treatments are Defined as “a condition for which there exists
that contains an active substance or combina- frequently referred to but not defined for no satisfactory method of diagnosis, preven-
tion of active substances that has not been human medicines. The focus is on whether tion, or treatment in the Union or, even if
authorised before. a new antibacterial agent belongs to a new such a method exists, in relation to which the

class that has a unique mechanism of action ~ medicinal product concerned will be of major
and, therefore, has the potential to address therapeutic advantage to those affected”. EMA
an unmet medical need. For veterinary also state that "target organisms expected to
medicines, novel therapies are defined as respond to treatment with the new agent and
"therapies entirely new to veterinary medicine for which there are few remaining treatment
either, because they are genuinely novel and  options" can be considered an unmet medical
have not been previously used in the context  need
of a medicine, or new only to the veterinary
domain, although well-known in terms of
research, and possibly in the context of
human medicine

FDA  Innovative drugs are not clearly defined but Novel drugs/novelty is often referred to Defined as "a condition whose treatment or

referred to as " new treatment options for
patients and advances in health care for the
American public

but not clearly defined. Novelty is partly
addressed using the term New Molecu-

lar Entity (NME). This concept refers to an
active ingredient that does not contain any
active moiety previously approved under
section 505 of the Federal Food, Drug, and
Cosmetic Act nor previously marketed as a
drug in the United States. However, FDA uses
the term “novel drug”in alternative pathways
designed to facilitate faster drug approval. A
“novel drug approval”is considered Acceler-
ated Approval if the drug treats a serious con-
dition and offers a significant improvement
over existing therapies. The improvement can
be demonstrated by an effect on either a sur-
rogate endpoint that is likely to predict clinical
benefit or on a clinical endpoint that can be
measured earlier than irreversible morbidity
and mortality or is reasonably likely to predict
an effect on irreversible morbidity and mortal-
ity or another clinical benefit (i.e., an interme-
diate clinical endpoint). Similarly, a“novel drug
marketing application”receives a “Fast Track”
status when the drug is intended for treating
a severe or life-threatening illness or medical
condition, and it shows potential for fulfilling
unmet medical needs in this area. In addition,
a drug may also receive Fast Track status if it

is designated as a qualified infectious disease
product, which is a concept under a FDA
scheme to incentivize the development of
antibacterial and antifungal drugs to treat
serious or life-threatening infections

diagnosis is not addressed adequately by avail-
able therapy. An unmet medical need includes
an immediate need for a defined population
(i.e, to treat a serious condition with no or
limited treatment) or a longer-term need for
society (e.g., to address the development of
resistance to antibacterial drugs)”

Definitions of innovation, novelty, and unmet medical need by WHO, EMA and FDA [13-15, 17, 19, 43, 45-52]

introduction’,

“HTA” “antibiotics”,

“antimicrobials’,

Theoretical perspectives—the concepts of novelty
and unmet medical need

generic and original names of antibiotics approved dur-
ing the past 20 years. Previous research by the research
team included analysis of sales data and a document
review of EMA and FDA approval documents and sum-
maries of product characteristics (SPCs) of new antibi-
otics approved between 1999 and 2014 [36, 41, 42].

To mitigate the impact of resistance it is desirable that
new antibiotics work in different ways than already mar-
keted antibiotics. WHO defines innovation in antibi-
otic R&D as no cross-resistance to existing antibiotics,
new chemical class, new target, or new mechanism of
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action [43]. In addition, WHO has listed the pathogens
that pose the greatest threat to public health and, there-
fore, should be prioritized in antibiotic R&D [44]. These
pathogens were identified using a multicriteria deci-
sion analysis including the following criteria: mortality,
health-care burden, community burden, prevalence of
resistance, 10-year trend of resistance, transmissibility,
preventability in the community setting, preventability
in the health-care setting, treatability, and state of the
pipeline [44]. The EMA and FDA have developed path-
ways to enable the approval of new antibiotics targeting
serious or life-threatening infections and unmet medical
needs, including the use of limited clinical data. In this
work, EMA and FDA refer to, but do not always define,
innovation, novelty/novel drugs, and unmet medical
need [13-15, 17, 19, 45-52]. Table 1 provides a sum-
mary of how these concepts were defined and discussed
by EMA, FDA and WHO. Key insight from the literature
review was that stakeholders involved in drug R&D and
market introduction including regulatory authorities,
HTA agencies, patients, payers, and industry use multi-
ple criteria to assess unmet medical need [37, 53]. These
can be divided into three categories: adequacy of alter-
native treatments, disease burden, and population size,
but with no alignment on how to measure these criteria
[37, 53]. Ultimately, unmet medical need and novelty,
which reflect the value of an antibiotic, represent broad,
unspecific terms. When analyzing the qualitative data,
the key concepts novelty and unmet medical need guided
our attention. Specifically, we examined how interview-
ees from regulatory authorities and HTA agencies inter-
preted these concepts and described their application in
assessing and evaluating new antibiotics. Our analysis
aimed to gain a deeper understanding of how these key
concepts were used in the context of antibiotic develop-
ment and approval processes. We paid close attention to
the nuances of interviewees’ descriptions, as well as any
commonalities or divergences in their interpretations. By
doing so, we sought to identify patterns and insights that
could inform future efforts to improve antibiotic devel-
opment and regulation.

Interview guide

We developed a semi-structured interview guide with
open-ended questions (Additional file 2). The inter-
view guide consisted of 17 questions sorted under five
main topics, informed by the theoretical perspectives
described above: (1) factors of importance when anti-
biotics are evaluated: (2) changes in the perspective of
what an antibiotic is: (3) perception of novelty and need:
(4) barriers to get novel antibiotics to market: and (5)
interventions to improve antibiotics R&D, assessment
and approval to assure effective antibiotics reach the
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market. The interview guide was evaluated and adjusted
after a pilot interview. Adaptations were made to the
guide to assure that the questions were relevant for the
participants depending on which stakeholder group they
represented.

Study recruitment and interviews

Participants for semi-structured interviews were
recruited from regulatory authorities (EMA and FDA),
and HTA agencies in Europe. Participants had to be
experienced with assessment of antibiotics and work in
institutions that held responsibility for marketing author-
ization and assessment of benefit/risk or assessments
of value. Individuals were identified through regulatory
networks and internet searches of relevant agencies and
contacted using emails presenting the research team,
background and aim of the study. A total of 46 emails
directed at agencies assessing drugs for national use
(including HTA) and 36 emails directed at medical agen-
cies linked to the EMA network were sent to recruit par-
ticipants fulfilling the criteria stated above. Participants
were asked to recommend relevant candidates for addi-
tional interviews to enable snowball sampling [54]. Sug-
gested individuals were discussed within the research
team and added if perceived valuable for the data collec-
tion process. Written or oral consent to participate in the
study, including whether the participant was comfortable
with the interview being audiotaped, was obtained before
the interview.

Interviews were conducted over telephone or skype,
between December 2017 and June 2019, and were audio-
taped. The median length of the interviews was 86 min
(52-151 min). Participants received an overview of the
topics to be discussed prior to the interview, and each
interview began with an introduction of the study and
primary investigator CK. CK conducted and led the pri-
mary analysis of the interviews, which were transcribed
and anonymized before analysis. Participants were con-
tacted by email if clarifications were needed after the
interview. Several different techniques were used to
strengthen trustworthiness and rigor, including a second-
ary independent analysis of the interviews by HSB and
LM, and two consensus sessions, where CK, HSB and
LM discussed the findings. Saturation was determined
after constantly comparing experiences and responses of
the participants against each other and by appraising the
richness of experiences shared by participants [55]. We
used deductive and inductive reasoning when conduct-
ing thematic analysis and developed themes explaining
organizational processes related to the assessment and
approval of new antibiotics. We analyzed the qualita-
tive data applying the five-cycle phase described by Yin
[54], which includes: (1) compiling, (2) disassembling,
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(3) reassembling, (4) interpreting, and (5) concluding.
An iterative strategy was used, moving between steps
(2)—(4) to allow for a continuous re-assessment of ana-
lytical codes, concepts, and themes. Our application of
thematic analysis [56] involved the constant comparison
method known from grounded theory to define con-
cepts, rival thinking to identify alternative explanations
for the observed patterns in the data [57], and identifica-
tion of divergent views to challenge generalization [58].
The coding of qualitative data was done in NVivo 12 [59].
Findings were shared with respondents for commenting
and validation and to strengthen trustworthiness of the
findings.

Results

Overview

The study included 19 participants. One interview
included three participants and another two partici-
pants from the same agency. Three participants pro-
vided written responses. Together the participants
represented 11 countries in Northern, Western, South-
ern and Central Europe, and the US. The participants
representing regulatory authorities had a background
in clinical medicine, biology, or pharmacology, while
representatives from HTA agencies had a background
in clinical medicine, pharmacology, and health eco-
nomics. One participant had previous experience
working in pharmaceutical industry. The participants
had two to over 20-years experience working with eval-
uation of antibiotics. Participants working with mar-
keting authorization in the EMA were often linked to
national agencies, either as an employee and working
as a rapporteur/co-rapporteur for the EMA, or by hav-
ing worked for the national agency before transferring
to the EMA. Moreover, several HTA agencies that were
approached in the recruitment process responded that
they so far had no experience in assessing new antibiot-
ics. Sixteen of the 19 participants, therefore, had expe-
rience working with marketing authorization as well as
HTA, or only with marketing authorization, while three
participants had solely worked with HTA of antibiotics.
The thematic analysis comprised five themes: (1) uncer-
tainties and disagreements regarding to what extent
the marketing authorization process can and should
be adapted; (2) increased risk of irresponsible use of
antibiotics; (3) the increasing population-level spread
of resistant strains means that benefit/risk assessment
of new antibiotics will vary over time; (4) adjustments
to regulatory requirements for antibiotics misaligned
with evidence needs for determining value with HTAs;
and (5) different interpretations of “novelty” and “need”
translates to differing views on what kinds of antibiotics
are urgently needed, see Table 2 for major themes and
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corresponding qualitative codes. Overall, participants
agreed that the main barrier getting new antibiotics to
market is lack of economic incentives and did not con-
sider the marketing authorization or HTA processes as
major barriers to get new antibiotics to market.

Main findings

1. Uncertainties and disagreements regarding to what
extent the marketing authorization process can and
should be adapted

Participants from regulatory authorities described
that past challenges in marketing authorization of anti-
biotics, such as authorities asking for site-specific stud-
ies, different endpoints and non-inferiority margins, had
largely been addressed. The challenges antibiotic resist-
ance creates for evidence generation and assessment of
new antibiotics was now the main concern. Interviewees
highlighted the difficulty recruiting enough patients in
clinical trials due to low prevalence of target pathogens
and assessing the submitted documentation when based
on scarce clinical data. In response to this challenge, new
guidelines highlighting the use of pharmacokinetic/phar-
macodynamic (PK/PD) data has been introduced as a
main strategy for addressing limited clinical trial data.

Interviewees considered these adaptations a necessity;
however, some expressed concerns over their use: “the
lack of PK/PD markers is becoming more and more an
issue’, “PK/PD targets are not that well defined “and “...
many [assessors] are uncomfortable using PK/PD data..””.
With respect to how much regulatory authorities can
adapt to further facilitate marketing authorization of
antibiotics, interviewees expressed views across the
spectrum. Most interviewees expressed that regulatory
authorities have reached a point, where they cannot
make further adjustments and still uphold a good stand-
ard. In contrast, one interviewee pointed out that adapta-
tions to the authorization systems will have to continue
to meet the need for new antibiotics “I think we will have
to become more creative when it comes to what expecta-
tions you have on the clinical side” One participant sug-
gested the use of alternative data sources to compensate
for limited clinical trial data, “most countries have nowa-
days electronic records, we can transfer data from elec-
tronic patient records to clinical trial files” At the other
end of the spectrum another interviewee questioned
adapting the regulatory process “You can say that you
don’t ask for anything irrational, but I think it is a totally
wrong concept that you should reduce requirements to
get more product in one or another field”



Page 6 of 13

(2023) 16:53

Kallberg et al. Journal of Pharmaceutical Policy and Practice

S9bUd||eYd MU 199U O} SAem Mau puy
01 P99U ‘Pa2U DNOIGIUE 24NINJ SY1 SSSUPPE 01 }JOM SNONUNUOD

yonul 003 peaids aney
P1I910B( JUPISISSI 910j20 MOU 108 0] pasu ‘drgy dRoIgiue Ul Kejag

UOI1BN1IS 31 O SAIIR[3 4B XSI PUP 1yauSg
elep |eroidde

-150d paywi| 01 spes| uopendod payjwi| e uj dnoigiaue ue buisn

d|youd
A134eS oY1 Bulpiebal S31UIRLISOUN 0) PR3 S3SeCRIEP A13JRS IS||PUIS

s|youd
Sl/1gauaq Buipiebal s91ule1IsdUn 01 Spes| e1ep [edIul]d JO 30T

sapuabe
V1H pue sanoyine A101ejnbai Jo [013U0D Y1 JIPUN 10U ‘Pasn S|
J10IgIUe Ue MOY Ul ABS [PUY 33 9ARY SUBIDIUID pue saluedwod)

95N papus1ul

pue [ercidde Joj S9DURISWINDIID UO Je3)d saitioyine A1oje|nbay
35N 3|ge|-4o

BuiziAUSDUI SYSI BIEP [BDIUID PAMIWI| YlM paroidde sonoigiuy

Bnup ay1 Jo ajyoid ¥su/Ayausq
oy buipiebal A1ule1iaoun Ja1eaib 01 pes) e1ep [edluld paiul]

e1ep [eroidde-1s0d paliwi| 01 pes| e1ep [ediul|d payui]

YA JopIsuod
01 pPa2J0J 10U ‘pasn s Bnip e moy Jano Jlamod spjoy Auedwod)

ued Ay se yonuwi se pardepe aAeY salioyine Aioenbay

YA Ssa1ppe 03 ssa0id uon
-ezjjoyine Bunaiew syl ul sjuswalinbas adnpal 01 ajqerdaddeun

$9bU3| YD MU 133U 01 SAem Mau puy
01 Pa3U ‘PadU dIOIGRUE 31NN Y1 SSSIPPE 01 }IOM SNONUUOD

1B |BDIUI|D DI0W J0) Bupise sapusbe v H

IeP (Od/Md 9SN 01 MOY JO SalUIRIIRIUN

Ad/Md Jo aoueniodul pasealdu

elep |ediulp

JO 3j2B| 01 9NP 24 UOIIeZIIOYINE HundMIeW Ul SabUa|jeyd Jua1nD
uoleziioyine bupayew Ul

s26UB[_YD [RINIDNIIS 1SOU PISsaIpPe dARY SaliioyIne A1oieinbHay

Y3eay dijgnd o1 1ea1y3 e sl YAV
Buipn|pul ‘spaau 1awun bunabiel SO[0IGIIUE SAIDY JO ¥DeT

S3s1d A124es 10y 9oueIdadde pasealoul Ue s 22y} ueaw
10U $90P ‘syjsu A14es [ernualod ybiamiano siyauaq i ‘ajyoid
K124es oy buipiebal saiuledUN Jo [9A3] Jaybiy e bundaddy

S3S1 A194eS pasealdul

Ul S)NS3J e1ep [eD1UI)D PAHWI| UO Paseq Uofezioyine bunaylepy

uondaniad Jap|oyaxels Jea|d pue uondIpsUN( pauwi

35N 9|qIsuOdsauil 10} ¥sI 3} 95eIDU| PUR 3DNPRJ Y10]
UBD SUOIBPUIWILIODRI SaIoYine A1o1ejnbal ayi 0} Bullaypy

asn a|gisuodsal pjoydn pue uoIsIIP PAULIojUl
Ue 232w 01 sueIsAYd 10} 1NDLYIP 3 SSYBW eIep [eDIuld JO 38T

Aujenb poob buipjoydn pue Yy buissaippe usamiag aouejeg

sabuajeyd
M3U $35Ned $59301d UOIeZIIOYINe Hunayiew sy 01 uoneidepy

YWY AQ pasned aie sanuoyine A1o1ejnbal 1oy sabusjieyd Juaund

awn
J3A0 AJBA [|IM SDII0IQIIUR MBU JO JUSWISSISSE 3S1/1UaU( 18y}
SUBSW SUIeI)S JUR)SISaI JO pealds [aAd]-uonendod Buiseainul ay |

$D301gIIUR JO 25N 9|gISUOdSa1] JO 3S1 Pasea.du|

paidepe ag pjnoys pue ued ssad0id Uoliezioyine Buiaiew
9U3 1USIX3 1eym 01 bulpiebas sjuswaI6esIp pue sanueUadUN

S9pPOd | [N

S9PO1 T 9N

sawdy |

$9p0od aAleljenb Bulpuodsaliod pue saway) Jofely g ajqeL



Page 7 of 13

(2023) 16:53

Kallberg et al. Journal of Pharmaceutical Policy and Practice

siskjeue ejep BuLINp PaYIUP! SDWIY} PUB SIPOD 7 [9AS] ‘SIPOD | [9ADT]

anfea sppe
196UO| OU SSBJD SWES B} Ul SI0IGIIUE [BUOIIPPE USYM 1B32UN

sdnolb uaned jo azI§
SUOID3I JUSIBYIP Ul SPIdU 1UBIaKIQ

ur pasn HuIaq s! 31 UOIENIIS Y1 JO SIOURISWNDIID DYL
UO Paseq Jo SD1ISHRIDLI_YD UMO S1| UO Pased [9A0U aq Ued sbnig

obue| 18 Uone|Ndod ay3 Ul YAY JO
JUSWAO[AIP 95NPaJ 01 SI10IGIUE WNJIDAAS-||eUS MU 10 PIsN

e11210eq JURISISI BNIPHINW AG PSNED SUO[IRJUI
woly Burayns syuaned pazijeydsoy 1811 01 SII0IGRUE JO) PIIN

-JOIgIIUB M3U 10} S| H BunoNpuod asusiadxs paiwi| ul @c;_jmmw
sieak U229l Ul 19¥Jell 9yl paydeal 9ARY SON0IGIIUR Mau Mo
SYLH BuUIdNPUOD $3LIUNOD M-

MOJ| 001 aJe s201d dioIgnuy

e11210e(q JUBlS|sal e Jo 1oedwil Yijeay dljgnd 1e 300| 10U S0P VIH

9J02S-Y|H 9yl Sosealdul poau [edlpall laWiun ue @C_pw@_m._.

drgy dRoigiue Jo plsy
SU3 X3 [|1m sa1uedwod ybiy 003 S| BB [BDIUI|D 1O} PURLUSP Y3 J]

Aouadns Jo Jooud 10y yse saipuabe v H
sanuoyine Aioje|nbal Ueyl e1ep 1UI3YIP Joj yse sapuabe | H

¥S1/1YDUSQ SSSSe
$S3131I0YINe A101e|NB31 'SSSUBAIIIDYD-1SOD SS3SSE $3DUHR /| H

ued Ay se yonuwi se pardepe aAeY Salioyine Aioenbay

WLIS1 DIWRUAD © S| pasau 1aWun

sbujuesw a|diynw sey A1aA0N

winuejusuewdse peoiq e o) posN

S2NOIGIUE JO SYLH YIM 32U3113dXa PaLI]

193%/ew
0} $21101q13Ue MU 196 0} sIaIeg BUISNED d1 Sy H Jaylaym
salpuabe | H pue ssnlioyine A1o1einbal Uaamiaq 1uswaalbesig

ue1go o1

1NJLIP SISIYY 2I9YM ‘S3SD UJ BIRp [BDIUID [eUOIPPE SPUBWISP
sapuabe v H 1yl diewajqold 1 Japisuod sapuoyine A1oyejnbay
S9A19(CO JUBIAYIQ

YIAY SS2Ippe 03 }10M AjDAI1De saioyIne Aio1e|nbay

papaau AjJusbin a1e SO10IGIIUER JO SPUIY 1eYM UO SMIIA Bul
-19JIp 01 $91R|SUBI],PISU, PUB A1[SA0U, JO SUONEISICIIUI JUSISYIQ]

SVLH UYlM an[eA BUIUIUWISISP JOj SPSU 9DUBPIAS Yim paubjje
-S|W S210IgRUR Jof SluaWliNbal A103einBas 01 sjUsWISN(pY

S9pPOd | [N

S9P01 T 9N

sawdy |

(panunuod)  9jqey



Kallberg et al. Journal of Pharmaceutical Policy and Practice

2. Increased risk of irresponsible use of antibiotics

A second challenge, related to approving antibiotics
based on limited data, was the risk that the antibiotic
will be used irresponsibly once it enters the market. New
antibiotics, targeting an unmet need, should only be used
when there are no other options to avoid development of
resistance but also given the limited availability of safety
data. For example, one interviewee voiced a concern that
companies might attempt to get a product approved for
an indication considered an unmet medical need, but
then encourage off-label use for other susceptible infec-
tions with higher prevalence to be able to generate return
on investment. “The risk is that these drugs might also
be very effective for treating the more regular UTTs or
skin infections ...and will be used in the field that way,
because there has been a publication or has been a study
that says it has been effective in this indication ...whilst
we don’t have the data to support that” However, another
participant commented that such alternative use may
simply reflect reasonable clinical judgement: “the use of
a new drug depends on multiple factors including level of
resistance and patient population, so the final use of the
drug can differ from what was intended, and this might
not be wrong but simply mirror the development of the
situation... clinicians will use what they need”

3. The increasing population-level spread of resistant
strains means that benefit/risk assessment of new
antibiotics will vary over time

Interviewees expressed different views about whether
antibiotics approved with limited clinical data presented
an increased safety risk. One group of participants held
the view that approval under such circumstances entails
accepting an increased safety risk. This view was based
on two arguments. First, that this would lead to safety
issues going unnoticed prior to marketing authorization.
Second, that these safety issues will likely continue to go
unnoticed post-approval, given that new antibiotics will
be kept as a last-line treatment option and that evidence
about these drugs would take time to accumulate. In con-
trast, another group of interviewees argued that if resist-
ant strains continue to reduce antibiotic effectiveness,
and if treatment options for these strains continue to be
lacking, it would be possible for a new antibiotic to have a
positive benefit/risk profile even if this comes with addi-
tional safety risks compared to existing therapy. As one
participant stated “benefit/risk is not an equation, it is a
judgement” Another interviewee reflected “if you wait
to conduct clinical trials until you have a population that
is big enough you've waited too long. You've allowed the
resistant strain to spread... It is important to not make it
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too difficult” Accordingly, marketing authorization of an
antibiotic at a point in time when spread is limited may
increase the risk of adverse events for individual patients,
while marketing authorization of an antibiotic at a point
in time when clinical data is available increases the risk
for the population at large in the form of pandemics. Par-
ticipants representing regulatory authorities emphasised
that approval based on limited clinical data is clearly
communicated in the summary of product characteristics
(SPC), e.g., that the antibiotic should be used only in situ-
ations where there are no other options. By following
these recommendations physicians minimize safety risks.
Participants representing regulatory authorities were also
clear about the fact that marketing authorization will not
be given unless clinical data is sufficient to assess benefit
and safety risks.

4. Adjustments to regulatory requirements for antibiot-
ics misaligned with evidence needs for determining
value with HTAs

Representatives from regulatory authorities perceived
that HTA in some cases risk becoming a barrier to bring-
ing new antibiotics targeting unmet medical needs to
market. Regulatory authorities are increasingly accepting
limited clinical trial data in the authorization process. In
contrast, HTA agencies conventionally ask for additional
or different data, such as data proving superiority or data
on a specific patient group, to determine the value of a
new antibiotic. In the absence of these data, the product
risk failing the criteria for public reimbursement and the
company would be discouraged from marketing the drug.
Representatives from regulatory authorities saw the need
for HTA agencies to adapt to the changes implemented in
the marketing authorization process, including percep-
tion of unmet need, and developing approaches to man-
age limited clinical data, described under the first theme.

Participants experienced with HTA acknowledged that
companies could be asked to collect additional data for
the HTA than what was considered satisfactory for the
marketing authorization process. However, this was not
considered a major problem, since a valuable antibiotic
would receive a positive assessment regardless of limited
clinical data, since in the case of a new antibiotic, claim-
ing to target an unmet need, there would be no available
treatment that would offer a more cost-effective alter-
native. Moreover, representatives from HTA agencies
argued that due to health care budgets and the European
pricing system, which keeps antibiotic prices relatively
low, the chances for companies to generate return on
investment for new antibiotics are small regardless of the
value determined using HTA.
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It should be noted that the experience with using HTAs
for assessing the value of antibiotics was limited. Many
representatives from national agencies responsible for
drug assessment expressed during the recruitment pro-
cess that they either do not conduct HTAs for antibiot-
ics, that HTA is only conducted if a company requests it,
or that they are in the early process of setting up HTAs.
A partial explanation for this limited experience is that
few new antibiotics have been developed in recent years.
While regulatory authorities have developed guidelines
to address antibiotic resistance, representatives from
HTA agencies did not report any similar initiatives in
their field. Instead, representatives from HTA agencies
mentioned the need to continue the work to harmo-
nize HTA between European countries to assure that
the additional data collected by a company can inform
assessment of value in multiple jurisdictions. A chal-
lenge in this process was how to choose a comparator for
a new antibiotic that would work for multiple countries.
Compared to other types of drugs, the different levels of
antibiotic resistance across countries, as well as antibi-
otic treatment guidelines, present a unique challenge for
harmonized post-approval evidence generation and value
assessment.

5. Different interpretations of ‘novelty’ and ‘need’ trans-
lates to differing views on what kinds of antibiotics
are urgently needed

‘Novelty’ and ‘ unmet medical need” are key concepts
guiding the understanding of what kind of antibiotics are
needed [60]. Interviewees held different interpretations
of the concepts of ‘novelty’ and ‘unmet medical need.
Most participants defined ‘novelty’ as ‘new in class’—
meaning the first antibiotic in a new class. However,
some argued that being ‘new in class’ is insufficient if the
goal is to combat antibiotic resistance. These interview-
ees argued that ‘novelty’ must entail discovering antibi-
otics with no known resistance mechanisms against the
compound. Others argued that novelty could entail dis-
covering a new bacterial target or formulation that would
create new treatment options. One participant divided
‘novelty’ into three groups: “I would describe novelty in
these three areas; new mechanism of action, niche indi-
cations (targeting a specific resistant strain), and target-
ing indications where the available antibiotics are no
longer, at least in certain geographical areas, working”

The concept of an antibiotic targeting a public health
need, often termed ‘unmet medical need; was seen to dif-
fer between regions and over time due to differences in
disease prevalence and different needs in different patient
groups. Respondents found it difficult to know when an
unmet need had been filled. For example, one interviewee
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expressed: “is it an unmet need if only a subpopulation
of 50 people need the drug, what about a 1000 people?...
There will always be benefit to some patients” Another
key perspective was whether to emphasize benefits to
individual patients or benefits to society at large, since
this has implications for which antibiotics that should be
developed. One interviewee expressed: “Benefit to soci-
ety, benefit to patients, who are we developing for? The
great masses or patients in hospitals?” Accordingly, a
globally uniform understanding of what constitutes anti-
biotics targeting an unmet medical need was not deemed
possible.

Crucial to generating public health value is controlling
the spread of antibiotic resistance. Accordingly, another
interviewee expressed that “antibiotics of a public health
value are antibiotics that reduce resistance, either new
ones with a new mechanism of action or old, small-
spectrum antibiotics” Reflecting further, the interviewee
added: “I don’t think broad-spectrum antibiotics would
be the answer to the global health problem, but we need
it as well” Such an understanding implies that judicious
use of antibiotics with new mechanisms of action or of
narrow-spectrum antibiotics are most important to pub-
lic health, and that broad-spectrum antibiotics, although
being of great importance for individual patient, should
be restricted given that they are strong drivers of antibi-
otic resistance.

Interviewees reflected on how the multiple understand-
ings of unmet medical need could be translated to which
antibiotics should be incentivized for development, and
that there is a need for a broad armamentarium. It will
not be enough focusing on the current gaps in antibiotic
treatments; instead, there is a need for a “tool kit” to be
able to stay ahead of antibiotic resistance. To this end,
respondents from both regulatory authorities and HTA
agencies suggested continued efforts to increase commu-
nication with companies, including scientific advice at an
early stage, to guide development towards unmet medi-
cal needs. However, this was considered to have limited
impact, since companies have the final say over target
pathogen and indication and may choose to not comply
with the advice given.

Discussion

This study aimed to answer if and in what way regulatory
authorities and HTA agencies can contribute to bringing
new antibiotics to market, primarily through non-finan-
cial incentives, by examining the perspectives of regula-
tory authorities and HTA agencies in ongoing efforts to
motivate R&D of antibiotics. We found that (1) interpre-
tation of key concepts guiding the understanding of what
type of antibiotics are needed vary (2) lack of a shared
approach on how to deal with limited clinical data in the
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marketing authorization and HTA processes is causing
barriers to getting new antibiotics to market (3) neces-
sary adaptations to the regulatory authorization process
causes uncertainties that transmit to other key stakehold-
ers involved in delivering antibiotics to patients. How-
ever, participant did not consider themselves to be in a
position to have a major impact on antibiotic R&D, given
that lack of financial incentives was perceived as the
major barrier. They suggested continued and increased
discussion with the pharmaceutical industry to guide
development towards unmet medical needs as their
way of contributing to a diverse and effective antibiotic
armamentarium.

Our study identified that the interpretation of key
concepts guiding antibiotic R&D—’novelty’ and ‘unmet
medical need’—differed widely. This is in line with other
research showing that the definition of unmet medical
need, used as a synonym to ‘public health need’ by our
respondents, differs between stakeholders including
regulatory authorities, HTA agencies, industry, payers,
health care professionals and patients [37]. This varied
understanding of novelty and unmet medical need may
reflect the need for diversity in the antibiotic armamen-
tarium, highlighting that it is not only the value of an
individual antibiotic that needs to be taken into con-
sideration when incentivizing antibiotic R&D, but the
value generated by the entire antibiotic arsenal. Never-
theless, it creates a challenge for policy makers tasked
with developing incentives to stimulate antibiotic R&D.
Much attention is currently given pull incentives, which
are financial payments made at the end of the R&D pipe-
line designed to primarily incentivize big pharmaceutical
companies to reinvest in antibiotics [3-7]. Their impact
will depend on a general agreement amongst decision
makers on which criteria makes an antibiotic eligible
for an incentive, and a design that allows the combined
effect of multiple incentives to generate diversity in the
armamentarium. To achieve this goal there needs to be a
shared understanding between policy makers developing
these financial incentives, stakeholders evaluating new
antibiotics, and industry on which characteristics con-
stitutes value in an antibiotic. Second, these incentives
need to be implemented together with systems for con-
tinuous monitoring of new unmet needs and communi-
cation when needs have been met. Regulatory authorities
and HTA agencies could play an important role inform-
ing this process, since their evaluations of new antibiotics
heavily influence the value.

Marketing authorization of antibiotics based on lim-
ited clinical data, made possible by changes to regula-
tory requirements, introduces uncertainties regarding
the properties of the drug as well as its value [61]. These
uncertainties reside within regulatory authorities, which
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is expected, since the need for strategies to combat anti-
biotic resistance will likely be never ending and must
adapt over time. However, these uncertainties also seem
to transmit to key stakeholders—HTA agencies, payers,
health care professionals—involved in delivering anti-
biotics to patients, who may not agree on the value of a
particular antibiotic based on the available data. The mis-
alignment between the regulatory authorities and HTA
agencies in generating evidence to assess new antibiot-
ics when data are limited highlights this problem. In the
current situation HTA agencies have varied influence on
antibiotic prices across Europe depending on the country.
However, the use of HTA is increasing, efforts are under
way to harmonize the HTA processes across Europe,
and new economic incentives increasing the return on
investment for new antibiotics are being promoted.
Accordingly, the HTA process will likely play an impor-
tant role in assuring funds are allocated in a way that
strengthens the antibiotic armamentarium. In addition,
there have been concerns that limited clinical data could
lead to HTAs, and in extension pricing and reimburse-
ment decisions, varying between countries which would
undermine the development of pooled funding to finance
new economic models to stimulate antibiotic R&D [61].
Therefore, to reduce misalignment between the market-
ing authorization and HTA processes there is a need for
increased collaboration between regulatory authorities
and HTA agencies on how to deal with limited clinical
data and the development of a shared understanding of
what constituted an unmet medical need.

Another example of how uncertainty generated from
limited clinical data transmit to other stakeholder is
a greater responsibility put on clinicians to manage the
use of new antibiotics if data on specific patient groups is
not available. In addition, these antibiotics will be consid-
ered last line treatments which puts additional respon-
sibility on clinicians to avoid unnecessary use. This is
supported by research showing that approval based on
limited clinical data has been linked to increased safety
risks leading to safety actions as well as increased off-
label use [11, 38, 62]. Since antibiotics can be prescribed
by any physician, regardless of specialization, and in
some cases over the counter, the medical community
needs to take an active approach to the adaptations made
to the regulatory authorization process and develop
strategies to assure new antibiotics are used in a safe and
responsible way.

Clinical data for new antibiotics will likely continue to
be difficult to generate in a timely fashion with respect
to country-level reimbursement decisions. At the same
time, countries will increasingly need new antibiotics in
response to increasing resistance, which is why inter-
ventions to stimulate antibiotic R&D is urgently needed.
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Developing a shared understanding of what constitutes
unmet medical need and how to measure value of new
antibiotics are important features of this process [37].
A starting point for this work could be the criteria used
in the development of the WHO priority pathogen list
[44], or the list of factors suggested to be added to the
HTA process of new antibiotics to capture the true pub-
lic health value of new antibiotics [35]. Both these lists
of factors aim to identify characteristics that makes the
antibiotic valuable to patients and society. A selection of
them could make up a shared base for evaluating a drug’s
value. Regulatory authorities and HTA agencies may
play a key role in aligning the view of what constitutes an
unmet medical need and assure that antibiotics’ full value
to health care systems is recognized in the reimburse-
ment process [35], thereby directing new economic mod-
els to motivate diversity in the antibiotic armamentarium.

This study has a number of strengths and limitations.
Our research group has experience in multiple fields
including clinical medicine, drug monitoring and respon-
sible use, public health, regulatory approval, quantitative
and qualitative research which has enriched the discus-
sions and understanding of the findings. While all mem-
bers of the team have experience working in international
collaborations, the authors originate from and work in
the Nordics. None of the authors have experience work-
ing in the pharmaceutical industry. These factors likely
influence our views of what potential barriers and facili-
tators to antibiotic R&D and market introduction may
be. We struggled to recruit participants experienced with
HTA of antibiotics. This is explained by the fact that few
antibiotics have been developed in recent years, and that
many countries do not conduct HTA routinely for new
antibiotics. Stronger representation from participants
solely working in HTA would likely have enriched the
data and possibly revealed other aspects not identified in
the data we gathered. However, the participants included
in the study are well-experienced in antibiotic evalua-
tion and associated with strong and solid medical agen-
cies in Europe and the US. It would have been valuable to
add regulatory authorities and HTA agencies from other
countries outside of the US and Europe, but this was not
possible due to limited resources. For example, inclusion
of participants from PMDA in Japan could have offered
an interesting aspect to our data, since antibiotics devel-
oped in Asia (mainly Japan) are subjected to initial assess-
ment in Japan and in many cases struggle to gain access
to markets outside of Asia. Given that the field of antibi-
otic approval and assessment is small, with few individu-
als specialized in antibiotics, we were not able to disclose
specific agencies and countries and at the same time
uphold anonymity of the study participants. While the
purpose of this research was not to examine differences
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between countries, information regarding country set-
ting would have allowed for more in-depth analysis of
primarily the challenges and facilitators linked to HTA.
Early on it also became clear that participants were not
willing to discuss specific antibiotics for the same reason.
However, we do not believe that this renders our find-
ings or conclusions invalid. The interviews were con-
ducted over 18 months. Given that much is happening in
the regulatory and HTA areas, views could have differed
between groups not due to actual differences of opin-
ion but changes in perspectives over time. Additional
research is needed to further explore the development
and implementation of HTA, for antibiotics, includ-
ing the implications of current efforts to harmonize the
HTA processes in Europe [63]. Finally, exploring the
views of the pharmaceutical industry regarding the value
of efforts by regulatory authorities and HTA agencies to
stimulate antibiotic R&D would be an interesting expan-
sion of research on their role in this domain.

Conclusions

A shared understanding of limited clinical data and
how to deal with this issue is needed amongst stake-
holders involved in antibiotic R&D and market intro-
duction to ensure antibiotics reach the market before
resistance levels are out of control. Regulatory authori-
ties and HTA agencies, while not considering them-
selves able to impact antibiotic R&D, could play a more
active role in aligning the view of what constitutes an
unmet medical need and direct new economic models
towards stimulating greater diversity in the antibiotic
armamentarium.
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