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Abstract

:

Anti-Spike monoclonal antibodies have been considered a promising approach to COVID-19 therapy. Unfortunately, the advent of resistant lineages jeopardized their effectiveness and prompted limitations in their clinical use. Change in the dominant variant can be fast to such an extent that, in the absence of timely medical education, prescribers can keep using these drugs for relatively long periods even in patients with resistant variants. Therefore, many patients could have been exposed to drugs with unlikely benefits and probable risks. We show here that about 20% of bamlanivimab+etesevimab, 30% of casirivimab+imdevimab, and 30% of sotrovimab courses were administered in Italy during periods in which a fully resistant variant was dominant. Additionally, for monoclonal antibody cocktails, the vast majority of usage occurred against variants for which one of the mAbs within the cocktail was ineffective. Given the high costs of these drugs and their potential side effects, it would be important to consider a frequent review of the appropriateness of these drugs and timely communication when the benefit/risk balance is no longer favorable.
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1. Introduction


Anti-SARS-CoV-2 Spike monoclonal antibody (mAb), either as monotherapy or as a cocktail of mAbs, was a pillar of COVID-19 outpatient treatments in the second half of 2021, when sensitive variants of concern (VOCs) ravaged the globe. As for any other European Medicine Agency (EMA) member nations, the Italian Drug Agency (Agenzia Italiana del Farmaco, AIFA) promptly granted mAb authorization. Despite growing evidence of treatment-emergent resistance [1,2], the use of mAbs continued even after oral antivirals became available, particularly in frail patients with contraindications to the use of small molecule antivirals. Unfortunately, the advent of the Omicron VOC led to a loss of effectiveness for most of the authorized mAbs [3,4,5,6].



While randomized controlled trials (RCT) that led to product authorization by regulatory authorities were led at the time of sensitive VOCs, in vitro data have consistently shown that the Omicron BA.1 VOC was notoriously resistant to both bamlanivimab and etesevimab [7,8,9,10,11,12,13,14,15,16,17] and casirivimab plus imdevimab [7,8,9,10,11,12,13,14,18,19], while the Omicron BA.2 VOC is notoriously resistant to sotrovimab [20,21,22,23,24,25].



The tixagevimab plus cilgavimab mAb cocktail, approved to date only for pre-exposure prophylaxis, represents a special case: while the tixagevimab component has been ineffective against any Omicron sublineage so far (BA.1 [7,10,11,12,13,16,26], BA.2 [26,27], and BA.4/BA.5 [26,28]), the cilgavimab component is ineffective against BA.1 [7,10,11,12,13,16] and BA.4/BA.5 [26,28] but has preserved efficacy against BA.2 [26,27]. A similar scenario occurred for both the other two mAb cocktails. Against the Beta and Gamma VOC, casirivimab lost in vitro activity [29,30,31] while imdevimab [30,31,32,33] preserved it. Against the Delta VOC, bamlanivimab lost in vitro activity [34,35,36,37,38,39], but etesevimab preserved it [37]. Under these scenarios, the chances for immune escape much grow, theoretically as when delivering a monotherapy [1,40].



Total changes in dominant VOCs were relatively fast (once every 2–3 months), questioning whether continued medical education was timely in place to avoid hazardous and expensive prescriptions. While only a few patients had viral genome sequencing performed to confirm definitive resistance, statistical inferences can be made moving from prevalences detected by epidemiological surveillance. In this article, we investigated the use of anti-SARS-CoV-2 Spike mAbs in patients affected by resistant SARS-CoV-2 VOCs in Italy.




2. Materials and Methods


We collected prevalence data of different SARS-CoV-2 variants in Italy from the reports of the flash surveys led by the Italian Istituto Superiore di Sanità (ISS) from 25 May 2021 to 27 May 2022, available at https://www.iss.it/web/guest/cov19-cosa-fa-iss-varianti (accessed on 15 June 2022). Briefly, according to the indications from the Italian Ministry of Health, every 15 days about 2000 newly diagnosed COVID-19 patients with positive RT-PCR are further processed with whole-genome sequencing (WGS), and the sequences are attributed to PANGOLIN phylogeny using a dedicated web portal (ICOGEN).



We collected absolute prescription counts for each authorized anti-Spike mAb (or mAb cocktail) from the Italian Drug Agency (Agenzia Italiana del Farmaco, AIFA) web portal, available at https://www.aifa.gov.it (accessed on 15 June 2022). The monitoring registry was established according to a Ministry of Health decree issued on 6 February 2021. Briefly, every 7 days (every 15 days since May 2022) a report is issued showing the cumulative count of prescriptions for each anti-Spike mAb. In order to keep the graph at a weekly sampling, 15-day counts were manually estimated as 7-day counts, assuming a homogenous within-period daily distribution. In order to account for the high standard deviation related to the small sample size, we considered two different thresholds of SARS-CoV-2 VOC diffusion in the population (50% and 99%) to identify periods in which the prescriptions of the mAbs could have likely occurred in patients harboring a resistant VOC.




3. Results


Figure 1 shows the changes in the prevalence of SARS-CoV-2 VOC in time in Italy according to flash survey reports. Based on established thresholds of SARS-CoV2 variant diffusion, we identified 20 June 2021 as the date in which the Delta variant accounted for 50% of the infections and 15 August 2021 as the date in which the Delta variant accounted for 99% the of infections. The dates of Omicron BA.1 and BA.2 50% diffusions were 20 December 2021 and 20 March 2022, respectively. The dates of Omicron BA.1 and BA.2 99% diffusions were 31 January 2022 and 4 May 2022, respectively.



The bamlanivimab and etesevimab cocktail was authorized by the AIFA on 17 March 2021. The casirivimab and imdevimab cocktail was authorized by the AIFA on 26 November 2021, while sotrovimab was authorized on 23 December 2021. Finally, the tixagevimab plus cilgavimab cocktail was authorized by the AIFA on 25 March 2022. At the time of writing, neither the EMA nor the AIFA have withdrawn authorization for any of these mAbs.



Figure 2 shows that in Italy about 60% of the bamlanivimab plus etesevimab cocktail was prescribed while Delta was dominating (hence making bamlanivimab delivery inappropriate), and that about 20% was prescribed at the time the fully resistant VOC BA.1 was dominating. Figure 3 shows that about 30% of the casirivimab plus imdevimab cocktail was prescribed after the fully resistant VOC BA.1 became dominant, and that (albeit largely reduced) prescriptions are still happening while BA.2 is dominating. Figure 4 shows that about 30% of sotrovimab was prescribed after the fully resistant VOC BA.2 became dominant, and usage is still ongoing and undisturbed at the time of writing. Figure 5 shows the usage of the tixagevimab plus cilgavimab cocktail, which occurred during the BA.2 wave, against which tixagevimab was ineffective.




4. Discussion


Our analysis showed that a relevant proportion of anti-SARS-CoV-2 Spike mAb prescriptions in Italy could have occurred in patients with resistant disease. Given that national regulatory authorities within Europe usually act in alignment with recommendations by the EMA, we cannot exclude that, in the absence of any communication by the EMA, the situation could be similar in many other European countries. To the best of our knowledge, no other study investigating this issue has been published so far using data from other European countries. In this regard, the policy of access to COVID-19 treatments deployed by the FDA appeared suitable to limit the use of these drugs in patients with probable resistant disease [4,5].



Despite the time shift of a couple of weeks between sample collection and flash survey reporting, this explanation is clearly not enough to account for the large share of mAbs used inappropriately. The alternate reasons for this delay in the adjustment of prescription habits should be analyzed in detail. We believe that the lack of RCTs to support in vitro evidence plays a prominent role in driving prescribers’ attitudes: e.g., most clinicians tend not to read or underestimate in vitro evidence, which was promptly released during the pandemic. Nowadays, resistance can be highly predicted on the basis of Spike mutational patterns observed in vitro (Figure 6). Our hypothesis is substantiated by publications reporting usage in Italy of bamlanivimab against Gamma [41] despite notorious in vitro resistance [29,30,31,42], or the AIFA-sponsored MANTICO trial, authorized by the Ethical Committee of the National Institute of Infectious Diseases (INMI), which reported usage of casirivimab plus imdevimab against BA.1 [43].



An alternative hypothesis is that, when frail patients cannot tolerate small-chemical antivirals (which have retained efficacy against all Omicron sublineages), available mAbs can apparently offer a tolerable option, particularly when other supposedly effective mAbs (bebtelovimab [24]) are not available in Europe yet. In this regard, we note that COVID-19 convalescent plasma (CCP) collected from vaccinees retains efficacy against all Omicron sublineages [44], but we regret that, despite being encouraged by both CDC/IDSA and ECIL-9 guidelines, CCP collection and usage has been almost abandoned in Europe. CCP is also superior to mAbs in terms of the risk of immune escape [2].



A third possibility is pressure from regional administrators to use large stocks that have been ordered and would otherwise remain unused. In this regard, fine-tuning of orders and pay-by-performance mechanisms could mitigate the risk.



Although mAbs generally have a favorable safety profile, their prescription in patients with resistant COVID-19 disease comes with several drawbacks: under constrained resources (as it commonly occurs in pandemic settings), wastage of money invariably translates into less investment in alternative and possibly effective therapeutics. These considerations also apply to mAb cocktails where one of the ingredients is not effective.



In summary, the timely medical update of the prescribers should be implemented in situations in which the epidemiological scenario of the disease is so dynamic. In these scenarios, regulatory agencies should consider closer monitoring of the epidemic patterns of the resistant variants of the disease and react with timely actions and communications.
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Figure 1. Prevalence of various SARS-CoV-2 variants in Italy since December 2020 according to ISS flash surveys reports. 






Figure 1. Prevalence of various SARS-CoV-2 variants in Italy since December 2020 according to ISS flash surveys reports.



[image: Pathogens 11 00823 g001]







[image: Pathogens 11 00823 g002 550] 





Figure 2. Absolute prescription counts of bamlanivimab + etesevimab (BAM + ETE) in Italy. Areas with yellow shading indicate partially inappropriate usage (bamlanivimab being ineffective against VOC Delta). Areas with red shading indicate likely inappropriate usage (prevalence of resistant VOC BA.1 higher than 50% according to ISS flash surveys). As a reference, dates of FDA advice or withdrawals are reported. 
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Figure 3. Absolute prescription counts of casirivimab + imdevimab (CAS + IMD) in Italy. Areas with red shading indicate likely inappropriate usage (prevalence of resistant variant(s) higher than 50% according to ISS flash surveys). As a reference, dates of FDA advice or withdrawals are reported. 
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Figure 4. Absolute prescription counts of sotrovimab (SOT) in Italy. Areas with red shading indicate likely inappropriate usage (prevalence of resistant BA.2 VOC higher than 50% according to ISS flash surveys). As a reference, dates of FDA advice or withdrawals are reported. 
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Figure 5. Absolute prescription counts of tixagevimab + cilgavimab (TIX + CIL) in Italy. The entire area is yellow-shaded because tixagevimab was not effective at neutralizing against Omicron BA.1 or BA.2, while cilgavimab was effective only against BA.2. 
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Figure 6. Mutational patterns of Spike proteins predicting resistance to SARS-CoV-2 VOCs. Values represent the geometric mean neutralizing antibody titer fold-reduction caused by specific mutations. Sourced from https://covdb.stanford.edu/page/susceptibility-data/ (accessed on 15 June 2022). # approved for prophylaxis only; * L452occur in all BA.4/BA.5 lineages, but only in a minority of BA.2 sublineages (e.g., BA.2.11 and BA.2.35). 






Figure 6. Mutational patterns of Spike proteins predicting resistance to SARS-CoV-2 VOCs. Values represent the geometric mean neutralizing antibody titer fold-reduction caused by specific mutations. Sourced from https://covdb.stanford.edu/page/susceptibility-data/ (accessed on 15 June 2022). # approved for prophylaxis only; * L452occur in all BA.4/BA.5 lineages, but only in a minority of BA.2 sublineages (e.g., BA.2.11 and BA.2.35).



[image: Pathogens 11 00823 g006]













	
	
Publisher’s Note: MDPI stays neutral with regard to jurisdictional claims in published maps and institutional affiliations.











© 2022 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access article distributed under the terms and conditions of the Creative Commons Attribution (CC BY) license (https://creativecommons.org/licenses/by/4.0/).






media/file4.png
2500

Alel| Ul %66 DO UONDIWO T'VE : TE-TO- 220C

Aje1] ul %05< DOA UONDIWO T°Ve : 0Z-2T-TZ0T

Aley| ul %66 DOA B}2Q : ST-80- TZ0C

Ale1| ul %0S< DOA B1|2a : 0Z-90- T20C

2000

1500
1000

suonduosaud 31 FHAVE

500

81-50-¢c0¢
T1-50-¢c0C
¥0-50-CC0C
Lev0-Cc0C
0¢-0-Ccoc
€1-v0-¢c0C
90-v0-Cc0¢
0€-€0-cc0C
€C-€0-¢C0¢
91-e0-¢c0c
60-€0-cc0C
¢0-€0-ccoc
ceoz/eo/ec
9T-¢0-¢coc
7707/20/60
€70z/20/0
7z0z/10/9¢
720z/10/61
ceoz/1o0/ct
T20Z/10/v0
8¢-¢T-T¢0¢
T¢-¢1-1¢0¢
9T-¢T-T¢0¢
60-¢T-T¢0¢
C0-¢1-1C0¢C
SC-TT-1C0¢C
8T-TT-T¢0¢
TT-TT-T¢0¢
Y0O-TT-TC0C
8¢-0T-T¢0¢
T¢-0T-1¢0¢
¥1-0T-T¢0¢
£0-0T-T¢0C
0e-60-T¢0C
€¢-60-1C0C
91-60-T¢0C
60-60-T¢0C
<0-60-TC0C
9¢-80-T¢0¢
61-80-T¢0¢
C1-80-TC0¢C
S0-80-TC0¢C
6¢/L0-Tc0C
CC-L0TC0C
ST-L0-TC0C
80-£0-T¢0C
T0-L0-TC0C
¥¢-90-T¢0¢
£1-90-T¢0¢
01-90-T¢0¢
€0-90-TC0¢
£¢-50-T¢0C
0¢-S0-Tc0c
€1-50-TC0¢
90-50-T¢0¢
6¢v0-TC0C
CCv0-1C0C
ST-v0-TC0C
80-¥0-T¢0C





nav.xhtml


  pathogens-11-00823


  
    		
      pathogens-11-00823
    


  




  





media/file2.png
100%

75%

S0%

Gamma - Omicron

25%

0%

91-50-2202

- 20-50-2202

81-+0-2202
P0-$0-220¢
12-€0-2202
L0-€0-2202
12-20-2202
L0-20-2202
P 10-220C
0L-10-2202
LT2V1202
EL-Zi-1202
62111202
Si-bi-1202
L0-h4-1202
81-04-1202
#0-04-1202
02-60-1202
90-60-120C
€2-80-120C
60-80-120¢C
9¢-L0-1¢0¢
ch-L0°1202
82-90-1¢0¢
P1-90-1202
1€-50-1202
L1-60"1202
£0°60-1202
61-+0-1202
S0-+0-1202
¢-€0-1202
80-€0-1202
¢Z-20°1202
80-20-120C
Ge-10-1¢02
L1071 202
82-21-0202

Other

. Alpha
Beta I Delta





media/file5.jpg
A 0 3405 30N VORI 2V 02-£0-2202

A U136 20 UODIIO T v
(3466 10 Uo1O) VSN Ul AU SRS VY
‘Aol 505< 0A 0PI TY

9466 J0N UOPIIO T VB 10-50-220





media/file3.jpg
A1 U166 00 UOIIO TV TET0- 2207

A1 U1 405< 30 UOBIO Tva 02211202

%66 50A®30 ST-90 1200

el U X05< 0 R0 0290 T2

PR s e






media/file1.jpg





media/file7.jpg
SOT prescriptions.

¥ e s o8 BB OB BB

2022-03.20 :BA.20micron VOC 5505 n aly

§
#

f;'r"o\"rfw"f’ PO PP IO I I IO





media/file10.png
160
140

BT-S0rZT0E

LT-S0FZT0T

ST-SFEL0E

ST-SOrZT0E

FT-SOFZT0T

ET-S0FZT0T

LT-S0FZT0T

TISFELOE

OT-S0rET0E

BO-rSOrET0T

BOFSOFTTOT

LOFSFELOE

SFSFELOL

SOrS0rTTOT

. . POrSOrZT0T

Ale3| ul 9666 JOA UODIWOQ 7'V : +0-S0- 2202 e0-so7z0r
COFSOFELOL
TorSOrZT0T
DE-wOrZT0e
BE-ROFrET0E
BT-wOrZT0T
LFELOL
SE-ROrITOT
SE-wpirZToe
FT-wOrTIoT
ET-ROrTTOT
COPrELor
TE-wirizoe
0E-w0rZT0e
BT-ROFET0T
ET-FIL0r
LT-ROrET0
ST-ROrEzTOz
ST-wrZz0e
FT-ROFrZI0T
ET-RFILOZ
TT-ROrETOe
TT-wrZz0e
OT-w0rZz0e
BOFROFETIOT
BlFRFELOT
LOrOrZT0E
olrerZT0e
=g~ g 11
POFRFELOE
ElFRFELOE
TOr0rIT0T
TOrerZz0e
Alel] Ul 9406< JOA UODIWQO Z°E : 07-E- 2207 S
g g g 2 g A -

— —

UEelr LU

suonduasald X|1+71D





media/file12.png
Bamlanivimab

BA.1

S371L (7, ¢)
G446S (7,8, -290)
G496S (r)
N856K (2)

Sotrovimab

Q493R (>1000,

K417N
N440K (or)

EA84A (>291, 48,5, )
N969K (15)

G339D (a)
S371F (5,26, 1, 27)
D405N (15, )

R408S (a)

Tixagevimab®*
Cilgavimab*

BA.4/BA.5






media/file9.jpg
e U1 546 J0A UOBIUO Z VB 10-50- 2207

A3 1 5405< 0N UOPIIO TV - 02-6-220¢
S S T Y

suonduossid XS





media/file0.png





media/file8.png
SOT prescriptions

&

.;_u

"F'

R P,

sﬁﬁsf‘”

2022-03-20 : BA.2 Omicron VOC >50% in Italy

sa??’{r

S A R e g

g A A





media/file11.jpg
Bamlanivimab
Eresevimab

Sotrovimab.

Casrvimat
imdevimab

Tiagevimab
Cilgavimat

BAL

SI71L 0
G485 11
Gaoes ()





media/file6.png
BlS-LUE

LIS-LUE

Ale1) ul 9466 DOA UORIWQ Z°VE : #0-50- 2202 wooorone
EfLLUE

Of--TI0T

ET-R-TI0T

ST IOT

DEE-TI0T

EF-E-TIOT

OT-8-rI0T

BIFETTOT

DrETTOT

Ale3] ul %0S< DJOA UORIWQO 2°VE : 02-E0-220C  roowower
OT-o-TT0T

IO TV 50

0T Ty 0

b A

TTOT T BT

IO T ET

Ale1] U966 DJOA UODIWQ TYE : €2-TO- ZZOT oo/ 1o
(%66 18 UoDIWQ) SN Ul 3na.deuoy sPLIS3I YA ‘HE-ZT-T20T “7' 17
Aley| uleg0G< DOA UORIWQ T'YE : 0Z-2T-Teoz 0 "

ST=LT-1L0L
BORET-TL0E
CORET-TL0E
SCTT-IL0E
BT T-TL0E
TT-TT-TZ0T
POFLT-TZIOT
BTOT-TZIOT
TEOT-TZI0T
FT-OT-TZIOT
LOOT-TTOE
QEGI-TIOE
ETRIFTIOT
OT-E0-TZ0T
GHE0-TIOE
COHE0-TIOE
QERI-TTOE
BT-RI-TIOE
TT-RI-TTOE
SOrRO-TTOE
BELO-TTOE
TELO-TTOE
STLO-TL0E
BirLO-TL0E
TORLO-TLOE
P90
LT-90-TL0E
OT-20-TI0T
E0rR0-TIOE
LTS0-TIOE
OT-S0-TI0T
ET-S0-TIOT
SrS0-TI0E
GIRI-TIOE
Filig L il T
STRI-TZOT
BHA0-TIOT

2000
1B0D
1600
1400
1200
1000
BOO
B0
400
200
o

suopdosald QN I+SYD

CAS+IMD





