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This presentation may contain certain forward-looking statements and forecasts based on our current expectations and beliefs
regarding future events and are subject to significant uncertainties and risks since they relate to events and depend on
circumstances that will occur in the future. Some of these forward-looking statements, by their nature, could have an impact on Hansa
Biopharma’s business, financial condition and results of operations [or that of its parent, affiliate, or subsidiary companies]. Terms
such as “anticipates”, “assumes”, “believes”, “can”, “could”, “estimates”, “expects”, “forecasts”, “intends”, “may”, “might”, “plans”,
“should”, “projects”, “will”, “would” or, in each case, their negative, or other variations or comparable terminology are used to identify
forward-looking statements. There are a number of factors that could cause actual results and developments to differ materially from
those projected, whether expressly or impliedly, in a forward-looking statement or affect the extent to which a particular projection is
realized. Such factors may include, but are not limited to, changes in implementation of Hansa Biopharma’s strategy and its ability to
further grow; risks and uncertainties associated with the development and/or approval of Hansa Biopharma’s product candidates;
ongoing clinical trials and expected trial results; the ability to commercialize imlifidase if approved; changes in legal or regulatory
frameworks, requirements, or standards; technology changes and new products in Hansa Biopharma’s potential market and industry;
the ability to develop new products and enhance existing products; the impact of competition, changes in general economy and
industry conditions and legislative, regulatory and political factors.

The factors set forth above are not exhaustive and additional factors could adversely affect our business and financial performance.
We operate in a very competitive and rapidly changing environment, and it is not possible to predict all factors, nor can we assess the
impact of all factors on our business or the extent to which any factor, or combination of factors, may cause actual results to differ
materially from those contained in any forward-looking statements. Given these risks and uncertainties, investors should not place
undue reliance on forward-looking statements as a prediction of actual results.

Hansa Biopharma expressly disclaims any obligation to update or revise any forward-looking statements to reflect changes in
underlying assumptions or factors, new information, future events or otherwise, and disclaims any express or implied representations
or warranties that may arise from any forward-looking statements. You should not rely upon these forward-looking statements after the
date of this presentation.

Forward-looking statements
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Idefirix® is our first 
approved drug in 
Europe*

KIDNEY TRANSPLANTS

For highly sensitized patients in 
Europe

Broad pipeline in 
transplantation and 
autoimmunity

PROGRAMS IN CLINICAL 
DEVELOPMENT
US kidney transplants
Anti-GBM
Guillain-Barré syndrome (GBS)
Antibody mediated kidney 
transplant rejection (AMR) 

Created shareholder 
value and diversified 
our ownership base

MARKET CAPITALISATION 
(USD): ~300n

Listed on Nasdaq Stockholm
18,000 shareholders
Foreign ownership make up ~40% 
through leading international life 
science specialist funds

A validated 
technology

VALIDATION ACROSS 
THREE AREAS

Approval in kidney 
transplantations

Proof of concept in 
autoimmune diseases
Partnerships to explore gene 
therapy

With recent capital 
injection Hansa is 
financed into 2023

FINANCIALS 

SEK 754m in Cash (USD ~80m) 
end of March 2022

3 *Idefirix approved in EEA under conditional 
approval for kidney transplantation

Patient**
This is a break-through for 
the patients who need but 
can’t access kidney 
transplantation today

Established a 
high-performance 
organization

NEW COMPETENCIES 
ADDED
140 employees March 2021
(~3x in 3 years)

Highly qualified team with 20 
years on average in life science
Purpose driven culture

**Actual patient has given consent to provide images 

Hansa Biopharma today

Successful track record...
Strong momentum...
Promising future...



Many milestones achieved 
during the last 18 months

January February March April
2021

Hansa Biopharma enters 
pre-clinical research 

collaboration with argenx 
BV to explore potential 

combination therapies with 
imlifidase and 
efgartigimod

Hansa Biopharma records 
first commercial sale of 

Idefirix®

Healthcare Technology 
Assessment published by 

Swedish “TLV”, with a 
favorable conclusion for 
using Idefirix® in highly 

sensitized patients 
incompatible with a 

deceased donor

4

May June

First national market access 
agreement achieved for 
Idefirix® in Sweden and 
Finland (hospital basis)

Positive 3-year follow-up data 
published in American 

Journal of Transplantation 
demonstrating graft survival of 
84% after imlifidase treatment 

and transplantation

July August

Full national reimbursement 
agreement achieved for 

Idefirix® in the Netherlands

September

Hansa Biopharma AB 
certified as a

Great Place to Work® for 
second consecutive year 

October

First patient enrolled in  
the U.S. pivotal 

randomized controlled 
study ”ConfIdeS” in 

highly sensitized kidney 
transplant patients

November December

New multiregional 
commercialization partnership 

with Medison Pharma for imlidase
in kidney transplant in Central 

Eastern Europe and Israel

January
2022

Agreement with AskBio to 
evaluate feasibility of 

imlifidase ahead of gene 
therapy in Pompe disease

Market access 
agreement achieved in 
Greece on a hospital 

basis

February March

Market access 
granted in France 

through a reimbursed 
Early Access Program

Results of the Phase 2 
study of imlifidase in 

patients with anti-GBM) 
disease published in 

Journal of the American 
Society of Nephrology

Pricing and 
reimbursement 

achieved for 
Idefirix® in Germany

Marketing 
authorization in 

Israel for Idefirix®

(imlifidase)

April May

Temporary marketing 
authorization granted in 

Switzerland

Solid sales growth 
reported in Q1

Sales expected to 
remain volatile during 
the initial launch years  



Imlifidase

Origins from a bacteria 
Streptococcus pyogenes

• Species of Gram-positive, 
spherical bacteria in the genus 
Streptococcus

• Usually known from causing a 
strep throat infection

A unique IgG antibody-cleaving enzyme

• Interacts with Fc-part of IgG with extremely high specificity

• Cleaves IgG at the hinge region, generating one F(ab’)2 
fragment and one homo-dimeric Fc-fragment

Inactivates IgG in 2-6 hours

• Rapid onset of action that  inactivates 
IgG below detectable level in 2-6 hours

• IgG antibody-free window for 
approximately one week 
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A novel approach to eliminate pathogenic IgG



Oncology (EnzE)

Transplantation and 
post transplantation

Relapsing 
IgG-related 
autoimmune 

diseases
First generation  

antibody-cleaving 
enzyme technology

Potential indication universe Gene therapy pre-treatment
(partnership opportunity)

Acute autoimmune diseases
(Own commercial infrastructure in EU/US)

Transplantation and post transplantation
(Own commercial infrastructure in EU/US)

Guillain 
Barre

syndrome
Anti-GBM

Clinical program

Research/Preclinical program

Opportunities currently not pursued

Kidney*,**

HeartLung

…

…

New enzymes for 
repeat dosing 

“NiceR”  

Duchenne 
(DMD)

Pompe
disease

Kidney 
AMR

……

…

Lung 
AMR

Heart 
AMR

First generation antibody 
cleaving enzyme technology

Limb-
Girdle 

(LGMD)

… …

Gene therapy

Other areas 

…

…

Partnership Preclinical program
(Sarepta Therapeutics Inc. and AskBio)
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Obtained EU conditional approval*,**

*) The EU Commission has granted conditional approval for imlifidase in highly 
sensitized kidney transplant patients. 
**) In the US a new study has commenced targeting a BLA filing by H1 2024

HSCT
(Bone-Marrow)

Oncology and new therapies

…



Value chain

Revenue / sales

Commercialization

Own 
commercial 

infrastructure
Autoimmune diseases

Transplantation

Gene therapy

Oncology

Partnership 
strategy

Build-up of 
franchises

Indications 
and therapies

Multiple 
income streams

Upfront payments

Milestone payments

Royalties

Growth engine

Leveraging our 
proprietary antibody 

cleaving enzyme technology

Drug 
development

Drug 
discovery

Supply 
Operations Distribution

We are controlling 
the full value chain

Our Business model
Leveraging our technology platform to develop new therapies targeting 
rare diseases with unmet medical need across a range of indications 

Evolution into a fully integrated biopharmaceutical company
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Highly sensitized 
patients that are 

likely to be 
transplanted with 

a compatible 
donor

Highly sensitized 
patients unlikely 

to be transplanted 
under available 
KAS, including 

prioritization 
programs

Idefirix® (imlifidase) has received conditional 
approval in the European Union

Idefirix® is indicated for
desensitization treatment of highly sensitized adult kidney 
transplant patients with positive crossmatch against an available 
deceased donor.
The use of Idefirix® should be reserved for patients unlikely to be 
transplanted under the available kidney allocation system 
including prioritization programs for highly sensitized patients

10-15% of patients1,2

Non or less sensitized 
(cPRA < 20%)

Moderately sensitized
(20% < cPRA  < 80%)

Highly sensitized
(cPRA > 80%)

Low 
complexity 
transplants

Higher 
complexity 
transplants

15-20% of patients1,2~70% of patients1,2

Potential 
patients

8 1 EDQM. (2020). International figures on donation and Transplantation 2019
2 SRTR Database and individual assessments of allocation systems

Actual patient has 
given consent to  
provide images 



18 979

19 510

20 097

20 287

15 999

7 524

7 565

7 820

7 766

5 824

2016

2017

2018

2019

2020

Deceased Donor Transplants Living Donor Transplants

The kidney transplantation landscape 
in Europe and the U.S.

U.S. annual transplantations

Source: Global Observatory on Donation and Transplantation, http://www.transplant-observatory.org/

14 229

14 827

15 561

17 406

18 410

5 629

5 811

6 442

6 867

5 234

2016

2017

2018

2019

2020

~170,000 kidney 
patients waiting for 

a transplant

~50,000 sensitized 
patients (cPRA

above 20%)

~25,000 highly 
sensitized patients 
(cPRA above 80%)

23 644

24 273

19 858

22 003

20 638

21 826

28 053

26 503

27 917

27 075

Total 

~50,000 transplants done annually in the U.S. and EuropeUp to 15% of patients waiting for a new kidney are highly sensitized

YoY
3%*

10%

7%

4%

7%

22%*

1%

3%

2%

3%

5Y avg 22 083

5Y avg 26 275Europe annual transplantations

Source: The U.S. Department of Health and Human Services and .irodat.org

Breakdown of the kidney transplant 
waitlist in U.S. and EU  

~12,000 with 
cPRA above 98%

~5,000 with 
cPRA above 

99,9%

9 *Reported to be impacted 
by the COVID-19 pandemic

http://www.transplant-observatory.org/


Build the foundation for Idefirix® in 
EU to become a new Standard of Care

Sales will remain “low and volatile” between 
quarters during the initial launch years until 
early positive experiences are generated for 

Idefirix® to become a new SoC

Initial years of commercialization

• Commercialize in early-launch countries focusing 
on leading clinics and early adopters

• Secure Pricing and Reimbursement agreements
• Ensure clinical readiness and KOL engagement
• Implement new medical guidelines through ESOT 
• Increase awareness on unmet need through KOL 

engagement, patient organizations and medical 
conferences

• Initiate post approval study in Europe to support 
full approval and establish long-term outcomes

Mid term Longer term

Expanding internationally will lead to 
more accelerated growth mid term

Potential label expansion will enable 
new growth pockets longer term 

Our center focused and sequenced launch process will help build the foundation for 
Idefirix® to become a new Standard of Care in transplantation

• Leverage experience to scale Idefirix in Europe with 
early-launch centers and in the five largest markets after 
completing market access

• Launch in the U.S. following completion of the ConfIdeS
study and FDA approval

• Expand to select markets and regions beyond core 
markets in EU and the U.S.  through partnerships

• Full marketing authorization in Europe
• Support patient and organ access for highly 

sensitized patients 

• Commercialize in AMR in kidney upon potential approval 
• Potentially expand into living donor transplantation
• Potentially expand into other solid organ transplantations 

such as heart and lung pre- and post transplantation (AMR)

1 2 3

“Low initial uptake and volatile growth’ “More accelerated growth’
Expand broader and 

internationally

“Growth from pursuing new opportunities”
Potentially enable label expansionsC
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Illustrative

Idefirix® is the first and only approved treatment in Europe for desensitization treatment of highly sensitized kidney transplant 
patients. The long-term market uptake is highly dependent on successful early experiences in key early adopter centers
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Market access procedures ongoing in 11 countries incl. Spain, Italy and the U.K. 
During 2021 market access was secured in Sweden and Netherlands as well as 
on an individual hospital basis in Finland and Greece

Full commercial access secured in Germany; 
Market access granted in France through a 
reimbursed Early Access Program

Territories covered commercially 
by Medison Pharma

Reimbursed Early Access Program

1Annual kidney transplantations 2019 (pre-Corona)
*Transplantation data is from Global Observatory on Donation and Transplantation, 2019
**Pricing & reimbursement obtained in France on an early access basis

3,649
transplants1

3,423
transplants1

2,132
transplants1Pricing & reimbursement obtained 

(country or clinic level)

© Microsoft, OpenStreetMap

Temporary Market approval
3,643
transplants1

** 

2,139
transplants1

Health Technology Assessments 
(HTA) dossiers submitted

11
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U.S. ConfIdeS study: First patient enrolled Dec’21; 
BLA submission expected H1 2024

2021 2022 2023 2024

First patient 
enrolled

(H2 2021) 

Complete 
enrolment 
(H2 2022) 

12m follow-up on 
eGFR

(H2 2023) 

BLA 
submission
(H1 2024) 

U.S. trial design
64 highly sensitized kidney patients with the highest unmet medical need

• Patients with a cPRA score of ≥99.9% will be enrolled

1:1 Randomization
• When a donor organ becomes available and a positive crossmatch with the

intended recipient indicates that the organ is not compatible, the patient will be
randomized to either imlifidase or to a control arm, where patients either remain
waitlisted for a match or receive experimental desensitization treatment*

Primary endpoint
• Mean estimated glomerular filtration rate (eGFR) “kidney function” at 12 months.
• For randomized patients who do not undergo transplantation, lose their graft or die

before 12 months, eGFR will be set to zero, consistent with kidney failure

Secondary endpoint
• Patient survival at 12 months

Up to 15 leading transplantation centers in the U.S. will be engaged in the study
• Robert A. Montgomery, M.D. Professor of Surgery and Director, NYU Langone

Transplant Institute, NYC is appointed to be the principal investigator

Status enrollment as of April 21, 2022 (Q1 Report)
• 16/64 patients enrolled for randomization

• Nine centers are active and open for recruitment

• Completion of enrollment expected H2 2022

Timeline

*Experimental desensitization treatment can include any combination of plasma exchange (PLEX), intravenous IVIg, 
anti-CD20 antibody, and eculizumab. Link to the full protocol at ClincalTrials.gov 

Patients enrolled
Patients remaining

https://clinicaltrials.gov/ct2/show/NCT04935177
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726 172

2 619 372
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26
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1 664

764

41

1 041

218

296

1 204

285

57

577

2 179

268

20

736

463

86

397

0

0

0

MedStar Georgetown 

NYU Langone

Columbia 
University Hospital

John Hopkins

UAB Hospital

Keck Hospital of USC

Northwestern 
Memorial Hospital

Houston 
Methodist Hospital

Nine leading transplantation centers with 
experience in desensitization and highly 
sensitized patients are currently recruiting 
2,2521 combined annual kidney transplants
3121 highly sensitized (>80% cPRA)

12019 data from Organ Procurement & Transplantation Network
2United Network for Organ Sharing
3EDQM. (2020). International figures on donation and Transplantation 2019 and SRTR Database and individual assessments of allocation systems 

Methodist Specialty & 
Transplant Hospital

U.S. kidney transplantation landscape
Our ConfIdeS study is currently enrolling patients across nine leading 
transplantation centers across seven states covering ~10% of annual kidney 
transplants in the U.S. ; Aim to have up to 15 centers recruiting patients

>23,0001 annual kidney transplantations 

~71%1 deceased donor

~90,0002 waiting for a kidney 
transplant

10-15%3 of waitlisted patients are 
highly sensitized 



Completed Ongoing

Candidate/
Program Indication

Research/
Preclinical Phase 1 Phase 2 Phase 3

Marketing 
Authorization Marketed Next Anticipated Milestone

Imlifidase

EU: Kidney transplantation in highly sensitized patients 1,2 EU: Additional agreements 
around reimbursement from H2’21

US: Kidney transplantation in highly sensitized patients 1,2 Completion of enrollment (64 
patients) H2’22

Anti-GBM antibody disease 3 Pivotal Phase 3 study expected to 
commence in 2022 (50 patients)

Antibody mediated kidney transplant rejection (AMR) First data read-out H2 2022

Guillain-Barré syndrome (GBS) Completion of enrollment (30 
patients) H2 2022

Pre-treatment ahead of gene therapy in Limb-Girdle 
(Partnered with Sarepta) Preclinical phase

Pre-treatment ahead of gene therapy in Duchenne 
(Partnered with Sarepta) Preclinical phase

Pre-treatment ahead of gene therapy in Pompe disease 
(Partnered with AskBio) Preclinical phase

NiceR Recurring treatment in autoimmune 
disease, transplantation and oncology

Completion of GLP toxicology 
studies in 2022

EnzE Cancer immunotherapy Research phase

Broad clinical pipeline in transplantation and auto-immune diseases

*)

1 Results from the Phase 1 study have been published, Winstedt el al. (2015) PLOS ONE 10(7)
2 Lorant et al American Journal of Transplantation and 03+04 studies (Jordan et al New England Journal of Medicine)
3 Investigator-initiated study by Mårten Segelmark, Professor at the universities in Linköping and Lund
*) The EU Commission has granted conditional approval for imlifidase in highly sensitized kidney transplant patients. A post-
approval study will commence in parallel with the launch

Planned  Conditional approval 
based on Phase 2 data



Our vision

Anti-GBM

GBS

Kidney
Transplantation

EU

Kidney
Transplantation

U.S.

AMR

Duchenne

Limb-Girdle 
EnzE

Shaping a new standard for 
desensitization will help enable new 
indications in transplantations

• Antibody mediated rejection (AMR) in 
kidney transplantation

• Other transplantation types

Anti-GBM paves the way for 
development in other autoimmune 
diseases

• Rapidly progressive 
glomerulonephritis

• Neurological disorders                                 
• Skin and blood disorders

IgG-cleaving enzymes to enable or 
even potentiate cancer therapy

• Allogenic stem cell (bone marrow) 
transplantation (HSCT)

• Enzyme-based antibody 
Enhancement (EnzE)

Exploring opportunities in gene 
therapy

• Encouraging preclinical data 
published in Nature

• Partnership with Sarepta
• Wide indication landscape beyond

Expanding our commercial franchises 
Regulatory approval (conditional)

Clinical development

Partnership (preclinical development)
Preclinical development

Today

Our unique antibody cleaving enzyme technology 
may have relevance across a range of indications
Targeting rare IgG mediated diseases

Pompe



Indication

Completed enrollment in Phase 2 program in Antibody 
Mediated Rejection (AMR) post kidney transplantation

• Acute antibody mediated rejection episodes post
transplantation occurs in 5-7% of kidney transplants1

annually and is a significant challenge to long term
graft survival

• Today’s standard of care include plasma exchange,
steroids and IVIg.

• There is no approved treatment for AMR

Path forward
H1’22: Completion of  enrollment

H2’22: Phase 2 data read-out

Decision on a regulatory path forward

Phase 2 Study
• 30 out of a target of 30 patients with active or chronic

active AMR episodes post kidney transplantation
have been enrolled and randomized 2:1 to imlifidase
vs. SoC

• The AMR phase 2 program is a randomized, open-
label, multi-center and controlled study

• 20 individuals will be been randomized to receive
imlifidase treatment comprised of one intravenous
dose of 0.25mg/kg, while 10 individuals in the active
control arm will receive 5-10 sessions of plasma
exchange (PLEX)

• Efficacy and safety is monitored over a six-month
period post treatment.1 Puttarajappa et al., Journal of Transplantation, 2012, Article ID 193724. 

Long term graft survival is challenged by AMR episodes post transplantation 

d

10 2 3 54 6 7 8 9
Days

z
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Potential of using imlifidase vs. PLEX in AMR

Illustrative
Graft loss if untreated

PLEX (Multiple rounds)
Imlifidase

PLEX

Im
lifidase

Start of treatment

Clinical 
symptoms



Results from Phase 2 study of imlifidase in anti-GBM disease 
published in Journal of American Society of Nephrology (JASN)1

1 Journal of the American Society of Nephrology https://pubmed.ncbi.nlm.nih.gov/35260419/

Segelmark et al. JASN (2022)

U.S. FDA has accepted Hansa’s Investigational New Drug (IND) application to proceed with a 
Phase 3 across U.S. and EU with the first patient is expected to be enrolled in 2022

2 McAdoo et al.: Patients double-seropositive for ANCA and anti-GBM antibodies have varied renal survival, 
frequency of relapse, and outcomes compared to single-seropositive patients. Kidney Int 92: 693–702, 2017

1
4 5

5
Dialysis but 
not oliguric

Age ~60 (median range)

4
4

7
9

1
4

5
Not dialysis 

but eGFR <15

Age ~61 (median range)

3
0

7
4

4
1

1

1
Dead

3

4
Dialysis

1

10
Patients with
eGFR >15

5
Oliguric 
patients

Age ~72 (median range)

1
9

7
8

1
4

10 out of 15 patients were dialysis independent after six months 
vs. the historical cohort, where only 18% had functioning kidney 

JASN recognises the potential in 
deactivation of autoantibodies in 

autoimmune diseases
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New Anti-GBM Phase 3 study of 
imlifidase in 50 patients 

• Global protocol in place and approved 
by FDA. Selection of investigators and 
site set up is now ongoing

• New Phase 3 trial will be an open-label, 
controlled, randomized, multi-centre 
trial comparing imlifidase and SoC with 
SoC alone

• EMA submission preparation in 
progress

• Plans to expand the trial to include 
Japan

https://pubmed.ncbi.nlm.nih.gov/35260419/


may have relevance in several autoimmune diseases 
where IgG plays an important role in the pathogenesis

Hansa’s antibody cleaving 
enzyme technology

Rapidly progressive
glomerulonephritis 

Neurological 
disorders

Skin 
disorders

Blood 
disorders

Anti-
GBM

Lupus 
nephritis

~35 000*2

ANCA-
associated 
vasculitis 
~90 000*3

Myasthenia 
gravis

~210 000*4

GBS

CIDP
~55 000*6

NMO
~20 000*7

Pemphigus 
vulgaris 

~40 000*9

EBA

ITP 
~75 000*10

WAHA 
~95 000*11

APS 
~350 000*12

~1 000 patients*1

~10 000 patients*5

<1 000 patients*8

CIDP: Chronic inflammatory demyelinating 
polyradiculoneuropathy
NMO: Neuromyelitis optica
EBA: Epidermolysis bullosa acquisita
ITP: Immune thrombocytopenia
WAHA: Warm antibody hemolytic anemia
APS: Antiphospholipid syndrome

1DeVrieze, B.W. and Hurley, J.A. Goodpasture Syndrome. StatPearls Publishing, Jan 2021. 
https://www.ncbi.nlm.nih.gov/books/NBK459291/ [accessed 2021-03-29]
2Patel, M et al. The Prevalence and Incidence of Biopsy-Proven Lupus Nephritis in the UK. Arthritis & Rheumatism, 2006.
3Berti A, Cornec D, Crowson CS, Specks U, Matteson EL. The Epidemiology of ANCA Associated Vasculitis in the U.S.: A 20 Year 
Population Based Study. Arthritis Rheumatol. 2017;69. 
4Myasthenia Gravis. National Organization for Rare Disorders, https://rarediseases.org/rare-diseases/myasthenia-gravis/ [accessed 
2021-03-29]
5Guillain-Barré syndrome. Orpha.net, https://www.orpha.net/consor/cgi-bin/OC_Exp.php?Lng=GB&Expert=2103 [accessed 2021-
03-29]
6Chronic Inflammatory Demyelinating Polyneuropathy: Considerations for Diagnosis, Management, and Population Health. The 
American Journal of Managed Care, https://www.ajmc.com/view/chronic-infammatory-demyelinating-polyneuropathy-
considerations-for-diagnosis-management-and-population-health [accessed 2021-03-29]
.

7Marrie, R.A. The Incidence and Prevalence of Neuromyelitis Optica. International Journal of MS Care, 2013 Fall: 
113-118
8Mehren, C.R. and Gniadecki, R. Epidermolysis bullosa acquisita: current diagnosis and therapy. Dermatol 
Reports, 2011-10-05
9Wertenteil, S. et al. Prevalence Estimates for Pemphigus in the United States. JAMA Dermatol, May 2019: 627-
629. 
10Immune Thrombocytopenia. National Organization for Rare Disorders, https://rarediseases.org/rare-
diseases/immune-thrombocytopenia// [accessed 2021-03-29]
11Warm Autoimmune Hemolytic Anemia. National Organization for Rare Disorders, https://rarediseases.org/rare-
diseases/warm-autoimmune-hemolytic-anemia/ [accessed 2021-03-29]
12Litvinova, E. et al. Prevalence and Significance of Non-conventional Antiphospholipid Antibodies in Patients With 
Clinical APS Criteria. Frontiers in Immunology, 2018-12-14.

Clinical programs

Potential autoimmune indications 
(currently not pursued)
*Total disease populations in EU & US, 
based on prevalence and population data
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LETTERS NATURE MEDICINE

NHP5 with similar anti-AAV8 neutralizing antibody titers (1:17.2; 
Supplementary Table 1) were infused with 2 × 1012 vector genomes 
(vg) kg–1 of an AAV8-hFIX vector. Before vector infusion, NHP5 
received two infusions of IdeS (Fig. 2a). After IdeS administration, 
total circulating IgG in NHP5 decreased significantly (Fig. 2b). IgG 
cleavage was confirmed by western blot, although a larger propor-
tion of IgG and scIgG remained detectable (Fig. 2c) compared to 
human IgG in mouse plasma (Fig. 1d). Despite the partial cleavage, 
anti-AAV8 IgG and neutralizing antibody titers in NHP5 decreased 
after IdeS treatment, while they remained unchanged in the con-
trol animal NHP3 (Fig. 2d,e, horizontal dashed line). Accordingly, 
after vector administration, hFIX transgene expression peaked and 

plateaued3 at significantly higher hFIX levels in NHP5 compared to 
the control animal NHP3 (Fig. 2f). Consistently, VGCN analysis in 
the liver after mice were killed showed higher transduction levels 
in NHP5 compared to NHP3 (Fig. 2g). The presence of anti-IdeS 
antibodies before treatment in NHP5 (Supplementary Table 1) 
did not prevent rescue of liver transduction with IdeS. After vec-
tor administration, the IdeS-treated animal NHP5 developed lower 
anti-AAV8 IgG and neutralizing antibody titers than the control 
animal NHP3 (Fig. 2h,i).

Then, two additional NHPs with anti-AAV8 neutralizing anti-
body titers of 1:3.16 were studied (NHP2 and NHP6; Supplementary 
Table 1) to test the efficacy of IdeS at lower pre-existing antibody 
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Fig. 1 | IdeS degrades anti-AAV antibodies and allows for successful liver transduction in mice passively immunized with IVIg. a, Western blot analysis of IVIg 
incubated for 5!min and 24!h with commercial (IdeS-C) or laboratory-made (IdeS) endopeptidase, or with PBS. The predicted molecular weight of intact IgG, 
scIgG, F(ab′)2 and Fc fragments is shown. One representative experiment, out of two independent experiments, is shown. b, Anti-AAV8 IgG concentration in 
IVIg measured after a 24-h incubation with PBS, IdeS-C or IdeS (n!=!1 per condition tested in duplicate; one representative experiment, out of two independent 
experiments, is shown). c, Protocol outline. C57BL/6 (n!=!6 mice per group, one representative experiment, out of two independent experiments, is shown) or 
hemophilia B (n!=!4 mice per group, one experiment) mice were passively immunized with IVIg or received PBS as control; 30!min later, mice were injected with 
either IdeS or PBS 1!d before the delivery of the AAV8-GLuc or AAV8-hFIX vectors. d, Western blot analysis of human IgG in the serum of passively immunized 
C57BL/6 mice before or 30!min and 24!h after IdeS treatment. One representative experiment, out of two independent experiments, is shown. e, f, Effect of 
IdeS on anti-AAV8 IgG (e) and neutralizing antibody titers (f) measured 24!h after treatment. The bars represent the group mean!±!s.d. (n!=!6 mice per group). 
g, GLuc activity in the serum of passively immunized mice treated with IdeS (IVIg/IdeS) or PBS (IVIg/PBS). Naïve mice receiving IdeS were used as controls 
(PBS/IdeS). h,i, Rescue of transgene expression in passively immunized hemophilia B mice (n!=!4) treated with IdeS (IVIg/IdeS) or PBS (IVIg/PBS) before 
AAV8-hFIX delivery. Naïve hemophilia B mice receiving IdeS were used as controls (PBS/IdeS). h, hFIX in plasma measured by ELISA over time. i, Bleeding time 
following tail clip assay. All data are shown as the mean!±!s.d. b,e–i, Statistical analyses were performed by repeated measures one-way analysis of variance 
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Imlifidase (IdeS) was highlighted 
in Nature Medicine1

• Imlifidase decreased anti-AAV 
antibodies and enabled efficient 
gene transfer
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resulted in the digestion of circulating IgG, although large amounts 
of scIgG and, to a lesser extent, IgG remained detectable (Extended 
Data Fig. 3e). Accordingly, anti-AAV8 IgG and neutralizing anti-
body titers decreased in both animals (Extended Data Fig. 3f,g). 
After the second vector administration, an increase in hFIX cir-
culating levels was observed in NHP4 (Extended Data Fig. 4a). 
NHP1 developed anti-human FIX antibodies before vector read-
ministration (Extended Data Fig. 4b and Supplementary Table 1),  
a phenomenon commonly seen in NHPs21,22, thus preventing the 
measurement of hFIX circulating levels. Administration of IdeS in 
NHP1 resulted in a transient decrease in anti-hFIX antibody lev-
els (Extended Data Fig. 4b), which did not result in the detection 
of circulating hFIX (Extended Data Fig. 4a). VGCNs measured in 
the liver showed a higher transduction of hepatocytes in NHP4 
compared to NHP1 (Extended Data Fig. 4c), reflecting the fact that 
NHP1 had residual antibodies to AAV8 at the time of both the first 
and second vector infusions (Extended Data Fig. 3b,f,g). After vec-
tor readministration, NHP4, the animal that received IdeS at days 
–1, 82 and 83 (Extended Data Fig. 3a), did not develop anti-AAV8 
IgG (Extended Data Fig. 4d) or neutralizing antibodies (Extended 
Data Fig. 4e) and had a lower IgM response compared to NHP1 
(Extended Data Fig. 4f).

We then conducted a study in a large cohort of NHPs (Chlorocebus 
sabaeus). Eight animals were immunized with the AAV vector sero-
type AAV-LK03 (ref. 23) at a dose of 2 × 1012 vg kg–1 at day 0; at day 210, 
they were randomly assigned to a PBS control group (n = 3) or an 

IdeS treatment group (n = 5) (Fig. 3a). Vector administration at day 
0 resulted in the development of a broad range of anti-AAV-LK03 
IgG and neutralizing antibody titers (Fig. 3b–e). A single IdeS treat-
ment resulted in a decrease of anti-AAV-LK03 IgG (Fig. 3b,c) and 
neutralizing antibody titers (Fig. 3d,e and Extended Data Fig. 5a) in 
all animals, while no significant change in titers was observed in the 
PBS-treated group. Accordingly, administration of an AAV-LK03 
vector expressing human factor VIII (AAV-LK03-hFVIII) on day 
211 resulted in significantly higher expression of the hFVIII trans-
gene in the IdeS-treated animals compared to controls (Fig. 3f–h). 
After the second vector infusion, all animals developed anti-capsid 
IgM (Extended Data Fig. 5b,c) and IgG (Extended Data Fig. 5d,e). 
As described previously24, hFVIII expression was detected tran-
siently because of the formation of antibodies to hFVIII (Extended 
Data Fig. 5f,g).

Analysis of the aggregated data from 6 NHPs, NHP2 and NHP3 
having received a double IdeS injection at day 35, showed, as observed 
in humans8, a good safety profile (Supplementary Tables 2–5)  
and a transient degradation of total IgG in all animals after IdeS 
administration (Extended Data Fig. 6a). All animals administered 
with IdeS developed binding antibodies to the enzyme after treat-
ment (Extended Data Fig. 6b).

Next, to study the effect of IdeS on anti-AAV IgG in humans,  
we treated plasma from healthy donors and a cohort of patients  
with Crigler–Najjar syndrome25, a rare liver disease for which an 
AAV gene therapy trial is ongoing (NCT03466463). After in vitro 
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Imlifidase tested in a 
mouse model 

Imlifidase tested in NHP 
ahead of AAV vector infusion 

Imlifidase tested in human 
plasma samples (GT patients)
• Imlifidase reduced anti-AAV anti-

body levels from human plasma 
samples in vitro, incl. plasma from 
prospective gene therapy trial 
participants

• Pre-treatment with imlifidase in anti-
AAV positive nonhuman primates 
(NHP) ahead of AAV vector infusion 
was safe and resulted in enhanced 
liver transduction and hFVIII plasma 
levels

1 Nature Medicine https://doi.org/10.1038/s41591-020-0911-7
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incubation with IdeS, anti-AAV8 IgG titers were significantly 
decreased in all participants tested (Fig. 4a). The presence of 
anti-IdeS antibodies was then evaluated in the sera from 52 healthy 
donors (Extended Data Fig. 6c), confirming the previously reported 
seroprevalence data18. Anti-IdeS antibodies did not affect the cleav-
age of IgG specific to the enzyme (Fig. 4b), although a less efficient 
degradation of IgG was observed in serum from NHPs after immu-
nization against IdeS (Extended Data Fig. 7a–d). Finally, to further 
bridge the results obtained in NHPs to those obtained in humans, 
we performed western blot analysis of IgG after IdeS digestion 
in vitro. Complete cleavage of human IgG was shown, while residual 
levels of scIgG, which can retain partial neutralization activity, were 
found only in NHPs (Fig. 4c). Combined with the in vitro IgG diges-
tion data (Fig. 4a) and published results in humans8, these results 
suggest that IdeS might remove anti-AAV neutralizing antibodies 
in humans more efficiently compared to NHPs.

Anti-capsid antibodies are a major limitation to AAV 
vector-mediated gene transfer. Several strategies have been 
attempted to circumvent anti-AAV neutralizing antibodies6, 
although to date seropositive individuals are mostly declared ineli-
gible to receive AAV-based treatments when the vector is admin-
istered systemically. In this study, we showed that a single in vivo 
administration of IdeS results in a decrease in anti-AAV antibody 
titers and allows successful liver transduction in the setting of both 
pre-existing natural immunity to AAV and, possibly, vector read-
ministration. The procedure appeared safe and was consistent 
with studies in healthy individuals18 and patients undergoing graft 

transplantation8, which showed that transient digestion of circulat-
ing IgG was not associated with severe adverse events and did not 
appear to increase the risk of opportunistic infections.

Natural humoral immunity to IdeS, derived from exposure to 
S. pyogenes, may represent a limitation to the use of the technol-
ogy. While this is a potential concern, our results argue that IdeS is 
active even in the presence of antibodies against the enzyme itself. 
Repeated administration of IdeS can eventually result in neutralizing 
antibodies to the enzyme, although it has been shown that humoral 
immune responses triggered by IdeS in humans are only transient18.

In summary, the results presented in this article indicate that 
IdeS can efficiently cleave anti-AAV antibodies, thereby enhanc-
ing IgG clearance, and reducing their AAV neutralizing activity in 
the blood to levels compatible with transduction of hepatocytes. 
Pretreatment with IdeS at the time of AAV vector infusion is a 
potential strategy to enable efficient systemic gene transfer in the 
presence of low-to-moderate pre-existing anti-capsid antibodies, 
which are commonly found in humans17, and will possibly allow 
for repeated vector administration. This work provides key proof 
of concept of data on the use of IdeS technology to address a major 
limitation of in vivo gene transfer with AAV vectors. Future studies 
will help translate these findings to human trials.

Online content
Any methods, additional references, Nature Research reporting 
summaries, source data, extended data, supplementary informa-
tion, acknowledgements, peer review information; details of author 
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with encouraging outcome demonstrating imlifidase as a potential solution 
to overcome pre-existing antibodies to AAV-based gene therapy

https://doi.org/10.1038/s41591-020-0911-7
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