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12. Figures and figure legends
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Fig. 1. Biology of interleukin-2 (IL-2).

Low-dose IL-2 and improved IL-2 formulations with CD25-bias preferentially stimulate the trimeric 1L-2
receptor consisting of CD122, CD132, and CD25, thus expanding regulatory T (Treg) cells. Treg expansion
restores immune balance in patients with autoimmune diseases such as systemic lupus erythematosus and
inflammatory bowel diseases (left panel). On the other hand, high-doses of IL-2 or CD122-biased IL-2
formulations preferentially stimulate the dimeric IL-2 receptor consisting for CD122 and CD132 expressed on
effector T and natural killer cells. Stimulation of these effector cells improves anti-tumor responses in cancer
patients (right panel). Another approach focuses on delivery of IL-2 to either the tumor microenvironment or

immune cells by using targeted IL.-2 formulations (right panel).
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Fig. 2. Registered clinical trials testing improved IL-2-based compounds.

Top panel displays trials in cancer and bottom panel trials in autoimmune diseases.

35


https://doi.org/10.1101/2022.12.02.22283042

medRxiv preprint doi: https://doi.org/10.1101/2022.12.02.22283042; this version posted December 4, 2022. The copyright holder for this
preprint (which was not certified by peer review) is the author/funder, who has granted medRxiv a license to display the preprint in
perpetuity.
All rights reserved. No reuse allowed without permission.

-

[ Identification of studies via databases and registers

e N Ve

Records identified from ClinicalTrials.gov

on 07 November 2022: Records removed before screening:

n =547 o0
N / \ /
v
Clinical trial records screened Records excluded
n = 547 n =511
- /

Additional improved IL-2 compounds

added from recent literature reviews

Identified improved IL-2 compounds
n =36

n=9

v
s N N
Extended list of improved IL-2 compounds Search for clinical trlalcsj registered for

n =45 compounds
n=139

v

e \

Improved IL-2 formulations included in
review
n=45

Clinical trials included in review
n=139

Fig. 3. PRISMA flow-chart of literature research.
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Table 1: Improved IL-2-based compounds for the treatment of cancer.
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Compound and

Compound description and

ClinicalTrials.gov

Refere

Targeting company Structure development status identifier Trial design Status Clinical results —
Unbiased IL-2 formulations
Liposome-encapsulated mRNA Recruitin
BNT153 encoding native IL-2. Phase 1 open-label single-arm trial of BNT153 & CT
45 3 1 7Y >
Untargeted BioNTech o 1. NCT04710043 BNT152' (mRNAbencodmg native IL-7) in (st NA (20).
Development status: Clinical cancer patients (EE: 112 patients).
- - 14.01.2021)
trials ongoing (Phase 1).
A Native human IL-2 produced by
AVB-001 [ ) polymer encapsulated cells for Phase 1/2 open-label single-arm trial of Not yet
o o © local cytokine delivery. intraperitoneally administered AVB-001 in recruiting CT,
WingEies Avenge Bio o0 A oGt patients with serous adenocarcinoma of the (first posted e 21).
° Development status: Clinical ovary (EE: 44 patients). 14.09.2022)
trials in preparation (Phase 1/2).
. . 4/12 evaluable patients with
1. NCT00004881 Phase 1 trla! of TG4010 in advanced cancers Completed SD for 6-9 months, 8/12 with
(AE: 13 patients). May 2004 PD
0,
Phase 2 trial of two-dosing schedules of Terminated, ge/zr(e)igc?t? ?S;doarsrflore in
2. NCT00040170 TG4010 in prostate adenocarcinoma (AE: 50 last-updated o .
. the prostate-specific antigen
patients). 02.11.2006
level.
TG4010 is a recombinant viral Phase 2 results: 6-month PFS
vaccine of modified vaccinia of of TG4010 + chemotherapy
Ankara virus expressing mucin-1 3 NCT00415818 Phase 2/3 RCT of TG4010 + chemotherapy vs. Completed 43.2% (95% CI 33.4 to 53.5)
TG4010, MVA- and IL-2 aimed at targeting ’ chemotherapy in NSCLC (AE: 148 patients). March 2010  and of chemotherapy alone
MUCI-IL2 mucin-1 overexpressing tumors. 35.1% (95% CI 259 to 45.3;  CT,
Untargeted ided 0=0.01 220
R one-sided p=0.019). (22-25).
Development status: No active
clinical trials registered with the Phase 2: PFS 5.9 months
last trial being completed in (95% CI 5.4 to 6.7) in the
2021. Phase 2/3 RCT of chemotherapy + TG4010 vs. Terminated TG4010 group and 5,1
4.NCT01383148 chemotherapy + placebo in NSCLC (AE: 222 after phase 2 months (4.2 to 5.9) in the
patients). in July 2016  placebo group (HR 0.74
[95% CI 0.55 to 0.98]; one-
sided p=0.019).
0,
Phase 2 open-label single-arm trial of first-line Completed ?92 Og/A)C(I)IZ{(l){jttol iém%nths
5.NCT03353675 chemotherapy + TG4010 + Nivolumab in 1 sz 21 d'o '14 ’ il
NSCLC (AE: 44 patients). 7.02.20 median OS 14.9 months
(95% CI 8.0 to NA).
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Targeting Compound and Structure Compound description and .Clml?alTrlals.gov Trial design Status Clinical results Refere
company development status identifier nces
Phase 2 open-label single-arm trial of TG4010 Completed
s INCAPEP LR + Nivolumab in NSCLC (AE: 13 patients). 24.02.2021 NA
Phase 1/2 trial of immunizations with SINB-JF- .
.. Active, not
Vacei ¢ dified IL2 and SINB-JF-LTN cells co-administered recruitin
aceine ot gene moaihied 1.NCT00703222  with two dose levels of unmodified SKNLP eeruttmg NA
ST ® neuroblastoma cell line secreting neuroblastoma cell lines in neuroblastoma (first posted
-JF- ) - i ; : 06.
‘ ) IL-2 and lymphotactin. T (A0 T ) 23.06.2008)
)
Betees Baylor College of (@ Development status: Clinical . . . . CT.
Medicine p L | Phase 1/2 trial of immunizations with STNB-JF- Active. not
‘. development likel ’not IL2 and SINB-JF-LTN cells co-administered recrui t{n
"op ¥ 2.NCT01192555  with unmodified SKNLP neuroblastoma cell g NA
continued. . . . (first posted
lines + oral Cytoxan in neuroblastoma patients 01.09.2010)
(AE: 11 patients). T
Vaccine of acute myeloid cell
AML Cell PS ® line expressing CD80 and IL-2.
Vaccine 1 ® Phase 1 trial of AML Cell Vaccine for high risk ~ Unknown CT
Untargeted 9 Development status: Clinical trial 1. NCT02493829 myeloid dysplastic syndrome and acute (first posted NA e 6’)
King's  College not recruiting, clinical myeloid leukemia (EE: 10 patients). 10.07.2015) ’
London ° . development likely not
- continued.
Attenuated Salmonella
Saltikva, Typhi i i . . ..
Salmonella-TL2 uggsﬁg;ﬁﬁicretmg Phase 2 trial of Saltikva + FOLFIRINOX or Recruiting CT
Untargeted ' 1. NCT04589234 Saltikva + Gemcitabine and Abraxane in (first posted ~ NA e 7’)
Salspera Development status: Clinical pancreatic cancer (EE: 60 patients). 19.10.2020)
trials ongoing (Phase 2).
IL-2-expressing
e Attenuated Salmonella
Typhimurium secreting . .
. Phase 1 trial of IL-2-expressing salmonella . .
unmodified IL-2. . . . Completed 0/22 patients with CR at 8
Untargeted Misaide Camaar 1.NCT01099631 ;gpl:i(iieg::)lly for advanced liver cancer (AE: 20.07.2020 woeks. CT.
Ce’ffe” . Development status: Clinical p ’
University of trials completed.
Minnesota
Proscavax 9/14 evaluable patients with
Prostate cancer vaccine of Phase 1 study of Proscavax in prostate-specific Completed increased prostate-specific CT
Untargeted OncoBioMune prostate-specific antigen, IL-2, 1. NCT02058680 antigen recurrent prostate cancer (EE: 48 December antigen doubling time at @ 3’)
Pharmaceuticals and GM-CSF. patients). 2018 median follow-up of 31 ’

months.
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Targeting Compound and Structure Compound description and .Clml?alTrlals.gov Trial design Status Clinical results Refere
company development status identifier nces
Development status: Unknown
status, clinical development
) likely discontinued. Phase 2 RCT of Proscavax vs. active Unknown
2.NCT03579654 surveillance in prostate adenocarcinoma (EE: (first posted ~ NA
}7// 120 patients). 06.07.2018)
Withdrawn
(no subject
Phase 1 single-arm trial of ALT-801-activated was found
1. NCT01478074 natural killer cells after FLAG induction for eligible after NA
acute myeloid leukemia (EE: 68 patients). screening
over 30
subjects)
. . . Completed
2. NCT00496860 Phase 1 single-arm trial of ALT-801 in 10/26 SD, 16/26 PD or
- . . . 5 October 5
metastatic malignancies (AE: 26 patients). 2009 withdrawn at week 11.
TCR domain specific for amino
%:lfsd2t64;5722 ebupness 3. NCT01029873 Phase 1/2 single-arm trial of ALT-801 + Completed
Tumor- ALT-801 eato : (QUILT-2.008) Cisplatin in metastatic melanoma (AE: 25 September NA CT,
targeted Altor BioScience Development status: All trials patients). 2013 (229(;)
completed, terminated, or . . . . ’
withdrawn. Clinical development 4. NCT01670994 A AT Ot (?f ALT-801 in . P No benefit from single agent
L ——— (QUILT-3.020) relapsed or refractory multiple myeloma (AE: 6  September troatmont
’ patients). 2015 ’
Phase 1/2 single-arm trial of ALT-801 + Unknown
5.NCT01326871 Cisplatin + Gemcitabine or ALT-801 + (last update NA
Gemcitabine in muscle invasive or metastatic posted
urothelial cancer (EE: 90 patients). 13.04.2016)
Phase 1/2 single-arm trial of ALT-801 + Unknown
6. NCT01625260 Gemcitabine in Bacillus Calmette-Guerin (last update NA
failure non-muscle invasive bladder cancer posted
(EE: 52 patients). 24.01.2017)
IL-2 conjugated to anti- No measurable complete or
Hul4.18-1L2, ganglioside GD2 antibody. Phase 1 single arm trial of Hu14.18-IL-2 in Completed partial responses. Within
EI?/ID 273063 \ / Tumors of neuroectodermal 1. NCT00003750 neuroblastoma and other GD2 positive tumors September median follow-up of 20
APN-301 ’ origin, including neuroblastoma (AE: 28 patients). 2005 months 57% of patients
Tumor- and melanoma, overexpress GD2. deceased. CT,
targeted Lexigen (30-33).
Research Center Development status: All trials Phase 1 single-arm trial of ex vivo expanded
Corporation completed, suspended, or 2. NCT03209869 haploidentical NK cells + Hul4.18-IL-2 in Withdrawn NA
withdrawn. Clinical development neuroblastoma and osteosarcoma (EE: 6 07.09.2022

likely not continued.

patients).
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Targeting Compound and Structure Compound description and ClinicalTrials.gov Trial design Status Clinical results Refere
company development status identifier nces
Development status: All clinical Terminated
trials completed or terminated. Phase 1 RCT of RO7049665 vs. placebo in 22.07.2021
2 INCAER: E650 ulcerative colitis (AE: 45 patients). due to lack e
of efficacy.
Terminated
18.11.2021
due lack of
Phase 2 RCT of RO7049665 vs. placebo in efficacy
EHINCIL 722 autoimmune hepatitis (AE: 2 patients). with NA
RO7049665
in ulcerative
colitis.
CD25-biased IL-2 mutein-Fc
CC-92252, DEL- T Did not meet progression
106 y . .
Untargeted . NGOy e L IRCTGRCCoARIA s, pResis TEEEL e e e
Development status: All clinical healthy and in psoriasis (AE: 131 patients). 05.08.2021 X
BMS, Celgene - - S available.
trials terminated. Clinical
development likely discontinued.
CD25-biased IL-2 mutein-Fc
fusion protein. Attenuated
XmAb27564 ‘s?ﬁifgiﬂé’ﬁfeﬁvﬁecrfiﬁ?ﬂh Phase 1 RCT of XmAb27564 vs. placebo in e CT
Untargeted 1. NCT04857866 . . ’ (first posted ~ NA K
Xencor CD25. healthy (EE: 48 participants). 91).
23.04.2021)
Development status: In clinical
trials.
mRNA coding for IL-2 mutein
with increased Treg selectivity
mRNA-6231 fused to serum albumin for -
o Phase 1 study of mRNA-6231 in healthy (AE: Completed
Untargeted Moderna prolonged half-life. 1. NCT04916431 15 ot 02.08.2022 NA CT.
Development status: No active
clinical trials.
CD25-biased IL-2-Fc fusion . Recruiting
protein. Decreased interaction 2.NCT04924114 EE isrz ti\lle ]jochTtl s (()]gEM;f)-6;t9i4n tV)s o WESEED i (first posted ~ NA
MK-6194, with CD122 and increased CD25 -2V patients). 11.06.2021)
e PT101 affinity (contains N88D and other CT
g undisclosed mutations). .. 92).
Merck . . Recruiting
Phase 1 RCT of MK-6194 vs. placebo in atopic
P 1. NCT05450198 o . (first posted ~ NA
Development status: Clinical dermatitis (EE: 72 patients). 08.07.2022)

trials ongoing (Phase 1)
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Targeting Compound and Structure Compound description and .Clml?alTrlals.gov Trial design Status Clinical results Refere
company development status identifier nces
Phase 1 study of AMG592 in healthy (AE: 32  Completed
I NCTO4987333 o rticipants). 03.102022 A
Phase 1 RCT of AMG592 vs. placebo in Foriaied T thitert| e
2.NCT03451422 systemic lupus erythematosus (AE: 35 12.10.2021 evaluated
patients). o ’
3 NCT03410056 Phase 1/2 RCT of AMG592 vs. placebo in Terminated Clinical response not
Half-life prolonged IL-2 mutein ’ rheumatoid arthritis (AE: 36 patients). 13.05.2020 evaluated.
AMG592, o ..
Efaleukin alfa with increased Treg selectivity. CT
Untargeted o Phase 2 RCT of AMG592 vs. placebo in Recruiting © 3,_ 95).
Amgen ngelopmént status: Clinical 4. NCT04680637 systemic lupus erythematosus (EE: 320 (first posted ~ NA
trials ongoing (Phase 2) patients). 23.12.2020)
. Recruiting
SoNEeEny e 2 REI et AMIEER s, BResi (first posted ~ NA
ulcerative colitis (EE: 320 patients). 03.08.2021)
Phase 1/2 single arm trial of AMGS592 in Completed
6. NCT03422627 chronic graft-versus-host disease (AE: 32 130 1 C[’) 26022 NA
patients). o
Half-life prolonged IL-2 mutein
CUG252 ith i ivi iti
with increased Treg selectivity. Phase 1 RCT of CUG252 vs. placebo in Recruiting CT,
WingEies Cugene, AbbVie Lo GRS systemic lupus erythematosus (EE: 88 patients) Gngesist A (96)
e Development status: Clinical 4 pus ery oo p ©14.04.2022) :
trials ongoing (Phase 1)
Recombinant supercoiled plasmid
NNC0361-0041 encoding four human proteins:
. . pre-proinsulin, transforming -
National Institute . h . Recruiting
Untargeted of Diabetes and f;‘(’ivﬁh ;ac“’r B, interleukin-10, -} \o104279613 fha:‘; (lﬁiifesgg\,l Sgﬂiﬁﬂg L - CT
Digestive and : yp Faep : 21.02.2020)

Kidney Diseases

Development status: Clinical
trials ongoing (Phase 1)

Abbreviations: AE, actual enrolment; CLASI-A, cutaneous lupus erythematosus disease area and severity index; CT, ClinicalTrials.gov; EE, estimated enrolment; RCT, randomized controlled trial; SLEDAI, systemic lupus

erythematosus disease activity index; Treg, regulatory T cell.
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Table S1: Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) checklist.

Section and Location
Tobic Checklist item where item is
P reported
TITLE
Title 1 ‘ Identify the report as a systematic review. Page 1
ABSTRACT
Abstract 2 ‘ See the PRISMA 2020 for Abstracts checklist. Page 2
INTRODUCTION
Rationale 3 | Describe the rationale for the review in the context of existing knowledge. Page 4
Objectives Provide an explicit statement of the objective(s) or question(s) the review addresses. Page 5
METHODS
Eligibility criteria 5 | Specify the inclusion and exclusion criteria for the review and how studies were grouped for the syntheses. Pages 6-7
Information 6 | Specify all databases, registers, websites, organisations, reference lists and other sources searched or consulted to identify studies. Specify Pages 6-7
sources the date when each source was last searched or consulted.
Search strategy Present the full search strategies for all databases, registers and websites, including any filters and limits used. Pages 6-7
Selection process Specify the methods used to decide whether a study met the inclusion criteria of the review, including how many reviewers screened each Pages 6-7
record and each report retrieved, whether they worked independently, and if applicable, details of automation tools used in the process.
Data collection 9 | Specify the methods used to collect data from reports, including how many reviewers collected data from each report, whether they worked Pages 6-7
process independently, any processes for obtaining or confirming data from study investigators, and if applicable, details of automation tools used in
the process.
Data items 10a | List and define all outcomes for which data were sought. Specify whether all results that were compatible with each outcome domain in each Pages 6-7
study were sought (e.g. for all measures, time points, analyses), and if not, the methods used to decide which results to collect.
10b | List and define all other variables for which data were sought (e.g. participant and intervention characteristics, funding sources). Describe any Pages 6-7
assumptions made about any missing or unclear information.
Study risk of bias 11 | Specify the methods used to assess risk of bias in the included studies, including details of the tool(s) used, how many reviewers assessed Pages 6-7
assessment each study and whether they worked independently, and if applicable, details of automation tools used in the process.
Effect measures 12 | Specify for each outcome the effect measure(s) (e.g. risk ratio, mean difference) used in the synthesis or presentation of results. Pages 6-7
Synthesis 13a | Describe the processes used to decide which studies were eligible for each synthesis (e.g. tabulating the study intervention characteristics and | Pages 6-7
methods comparing against the planned groups for each synthesis (item #5)).
13b | Describe any methods required to prepare the data for presentation or synthesis, such as handling of missing summary statistics, or data Pages 6-7
conversions.
13c | Describe any methods used to tabulate or visually display results of individual studies and syntheses. Pages 6-7
13d | Describe any methods used to synthesize results and provide a rationale for the choice(s). If meta-analysis was performed, describe the Pages 6-7

model(s), method(s) to identify the presence and extent of statistical heterogeneity, and software package(s) used.
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Section and

Topic

Checklist item

Location
where item is
reported

13e | Describe any methods used to explore possible causes of heterogeneity among study results (e.g. subgroup analysis, meta-regression). Pages 6-7
13f | Describe any sensitivity analyses conducted to assess robustness of the synthesized results. Pages 6-7
Reporting bias 14 | Describe any methods used to assess risk of bias due to missing results in a synthesis (arising from reporting biases). Pages 6-7
assessment
Certainty 15 | Describe any methods used to assess certainty (or confidence) in the body of evidence for an outcome. Pages 6-7
assessment
RESULTS
Study selection 16a | Describe the results of the search and selection process, from the number of records identified in the search to the number of studies included | Page 36
in the review, ideally using a flow diagram.
16b | Cite studies that might appear to meet the inclusion criteria, but which were excluded, and explain why they were excluded. Page 8
Study 17 | Cite each included study and present its characteristics. Table 1 and
characteristics table 2
Risk of bias in 18 | Present assessments of risk of bias for each included study. Table S2
studies
Results of 19 | For all outcomes, present, for each study: (a) summary statistics for each group (where appropriate) and (b) an effect estimate and its Table 1 and
individual studies precision (e.g. confidence/credible interval), ideally using structured tables or plots. table 2
Results of 20a | For each synthesis, briefly summarise the characteristics and risk of bias among contributing studies. Pages 8-14
syntheses 20b | Present results of all statistical syntheses conducted. If meta-analysis was done, present for each the summary estimate and its precision (e.g. | Table1 and
confidence/credible interval) and measures of statistical heterogeneity. If comparing groups, describe the direction of the effect. table 2
20c | Present results of all investigations of possible causes of heterogeneity among study results. Pages 8-14
20d | Present results of all sensitivity analyses conducted to assess the robustness of the synthesized results. Pages 8-14
Reporting biases 21 | Present assessments of risk of bias due to missing results (arising from reporting biases) for each synthesis assessed. Pages 8-14
Certainty of 22 | Present assessments of certainty (or confidence) in the body of evidence for each outcome assessed. Pages 8-14
evidence
DISCUSSION
Discussion 23a | Provide a general interpretation of the results in the context of other evidence. Pages 15-16
23b | Discuss any limitations of the evidence included in the review. Pages 15-16
23c | Discuss any limitations of the review processes used. Pages 15-16
23d | Discuss implications of the results for practice, policy, and future research. Pages 15-16
OTHER INFORMATION
Registration and 24a | Provide registration information for the review, including register name and registration number, or state that the review was not registered. Page 6
protocol 24b | Indicate where the review protocol can be accessed, or state that a protocol was not prepared. Materials and

methods was
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Location

?ec’flon e Checklist item where item is
opic
reported
prepared as
protocol
before
initiation of
review.
24c | Describe and explain any amendments to information provided at registration or in the protocol. NA

Support 25 | Describe sources of financial or non-financial support for the review, and the role of the funders or sponsors in the review. Page 17

Competing 26 | Declare any competing interests of review authors. Page 17

interests

Availability of 27 | Report which of the following are publicly available and where they can be found: template data collection forms; data extracted from included Provided in

data, code and studies; data used for all analyses; analytic code; any other materials used in the review. the review or

other materials retrievable
from the

corresponding
author.

Reproduced from Ref. (17).
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Table S2: Risk of bias assessment for randomized controlled studies reporting clinical results.

Interna
Reporting External validity 1 Source of patients included in the study Power

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27
NCT01383148 (Quoix et al. 2015) X X X X X X X X X X o o o X X X X X X X X X X X X X
NCT00415818 (Quoix et al. 2011) X X X X X X X X X X 0 0 0 X X X X X X X X X X X X X
NCT03635983 (PIVOT 10-001) o o o o o o o ) o o o o o o o o o o o o o o o o o o o
NCT03729245 (PIVOT-09) o o o o o o o [¢) o o o o o o [¢) o o o o o o [¢) o o o o o
NCT03556007 (Fanton et al. 2022) X X X X X X X X X X o o o X X X X X X X X X X o X X
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