S

S,

UNIVERSITA DI SIENA 1240 U

Uy

, s
Pyt

Rare occurrence of doravirine resistance-associated mutations in HIV-1-infected
treatment-naive patients

This is the peer reviewed version of the following article:
Original:

Soulie, C., Santoro, M.M., Charpentier, C., Storto, A., Paraskevis, D., Di Carlo, D., et al. (2019). Rare
occurrence of doravirine resistance-associated mutations in HIV-1-infected treatment-naive patients.
JOURNAL OF ANTIMICROBIAL CHEMOTHERAPY, 74(3), 614-617 [10.1093/jac/dky464].

Availability:
This version is availablehttp://hdl.handle.net/11365/1078798 since 2019-08-24T13:42:39Z7

Published:
DOI:10.1093/jac/dky464
Terms of use:

Open Access

The terms and conditions for the reuse of this version of the manuscript are specified in the publishing
policy. Works made available under a Creative Commons license can be used according to the terms and
conditions of said license.

For all terms of use and more information see the publisher's website.

(Article begins on next page)

27 August 2024




Journal of Antimicrobial Chemotherapy

OXFORD Journal of Antimicrobial Chemotherapy

UNIVERSITY PRESS

Rare occurrence of doravirine resistance associated
mutations in HIV-1-infected treatment-naive patients

Journal: | Journal of Antimicrobial Chemotherapy

Manuscript ID | Draft

Manuscript Type: | Original Article

Date Submitted by the Author: | n/a

Complete List of Authors: | Soulie, Cathia; Pitie Salpetriere Hospital, virology

Santoro, Maria Mercedes; University of Rome “Tor Vergata”, Department of
Experimental Medicine and Surgery

CHARPENTIER, Charlotte; Hopital Bichat - Claude-Bernard, Laboratoire de
Virologie

Storto, Alexandre

Paraskevis, Dimitrios; University of Athens, National Retrovirus Reference
Center

Domenico, Di Carlo

Gennari, William; Azienda Ospedaliero-Universitaria Policlinico,
Microbiology Laboratory

Sterrantino, Gaetana; "Careggi" Hospital, Division of Infectious Diseases
Zazzi, Maurizio; University of Siena, Department of Medical Biotechnologies
Perno, Carlo-Federico; University of Rome , Department of experimental
medicine

Calvez, Vincent; Sorbonne Universités, UPMC Univ Paris 06, UMR_S 1136,
UMR_S 1136, Institut Pierre Louis d’Epidémiologie et de Santé Publique,
AP-HP, Hopital Pitié-Salpétriere, Service de Virologie

DESCAMPS, Diane

Ceccherini-Silberstein, Francesca; University of Rome , Department of
Biochemical Sciences and Experimental Medicine;

Marcelin, Anne-Genevieve; Sorbonne Universités, UPMC Université Paris
06, INSERM, UMR_S 1136, Institut Pierre Louis d’Epidémiologie et de Santé
Publique, AP-HP, Hopital Pitié-Salpétriere, Service de Virologie

Keywords: | HIV, doravirine, primary resistance

ARONE”

Journal of Antimicrobial Chemotherapy: under review




Page 1 of 17

10

11

12

13

14

15

16

17

18

19

20

21

22

Journal of Antimicrobial Chemotherapy

Rare occurrence of doravirine resistance associated mutations in HIV-1-infected

treatment-naive patients

Running title: Primary doravirine HIV-1 resistance

Cathia Souliél*, Maria Mercedes Santoro”, Charlotte Charpentier3, Alexandre Storto’,
Dimitrios Paraskevis®, Domenico Di Carlo’, William Gennari®, Gaetana Sterrantino’,
Maurizio Zazzi®, Carlo Federico Perno”'®, Vincent Calvez', Diane DescampsS, Francesca

Ceccherini-Silberstein®, Anne-Geneviéve Marcelin!

! Sorbonne Université, INSERM, Institut Pierre Louis d’Epidémiologie et de Santé Publique

(iPLESP), AP-HP, Hopital Pitié-Salpétricre, Laboratoire de virologie, F-75013 Paris, France ;

? University of Rome “Tor Vergata”, Department of Experimental Medicine and Surgery,

Rome, Italy;

3 JAME, UMR 1137, INSERM, Université Paris Diderot, Sorbonne Paris Cité, AP-HP,

Laboratoire de Virologie, Hopital Bichat, AP-HP, Paris, France ;

4 Department of Hygiene Epidemiology and Medical Statistics, Medical School, National and

Kapodistrian University of Athens, Athens, Greece;

5 University of Milan, Paediatric Clinical Research Center “Romeo and Enrica Invernizzi”,

Milan, Italy;
6 University Hospital Polyclinic, Microbiology and Virology Unit, Modena, Italy;
7 “Careggi’ Hospital, Division of Infectious Diseases, Florence, Italy;

8 University of Siena, Department of Medical Biotechnology, Siena, Italy;

Journal of Antimicrobial Chemotherapy: under review



23

24

25

26

27

28

29

30

31

32

33

34

Journal of Antimicrobial Chemotherapy Page 2 of 17

? National Institute for Infectious Diseases L. Spallanzani, IRCCS, Antiretroviral Therapy

Monitoring Unit, Rome, Italy.
" Department of Oncology, University of Milan, Milan, 20122, Ttaly

Corresponding author: Dr Cathia Soulié¢, Laboratoire de Virologie-CERVI, Hépital Pitié
Salpétriére 45-83 Bd de I’hopital 75013 Paris, France. Phone: 33 1 42 17 58 42. Fax: 33 1 42

17 74 11. Email: cathia.soulie@aphp.fr

A part of this work was presented at 15th EU Meeting on HIV & Hepatitis (7-9 June 2017).

Word count: 1707.

Keywords: primary resistance, non-nucleoside reverse transcriptase inhibitors, doravirine.

Journal of Antimicrobial Chemotherapy: under review



Page 3 0of 17

35

36

37

38

39

40

41

42

43

44

45

46

47

48

49

50

51

52

53

54

55

56

57

Journal of Antimicrobial Chemotherapy

ABSTRACT

Objectives: Doravirine is a novel HIV-1 non-nucleoside reverse transcriptase inhibitor
(NNRTIs) recently shown to be non-inferior both to darunavir/ritonavir and efavirenz in
combination therapy with two nucleoside reverse transcriptase inhibitor in treatment-naive
patients. Doravirine has an in vitro resistance profile that is distinct from other NNRTIs and
retains activity against viruses containing the most frequently transmitted NNRTIs mutations.
The aim of this study was to examine the prevalence of doravirine associated mutations in

HIV-1-infected treatment-naive patients in Europe.

Patients and methods: From 2010 to 2016, 9764 treatment-naive patients were tested for
NNRTIs antiretroviral drug resistance by bulk sequencing in Greece, Italy and France. We
studied the prevalence of doravirine resistance associated mutations previously identified in
vitro: V106A/M, V1081, Y188L, V190S, H221Y, F227C/L/V, M230I/L, L234l, P236L,

Y318F and K103N/Y181C.

Results: Among 9764 sequences, 52.99% and 47.01% of patients had B and non-B subtypes,
respectively. Overall, the presence of at least one doravirine resistance associated mutation
(n=137; 1.40%) or the K103N/Y181C mutations (n=5; 0.05%) was very rare. The most
prevalent mutations were V1081 (n=62; 0.63%), Y188L (n=18; 0.18%), H221Y (n=18;
0.18%) and Y318F (n=23; 0.24%). The frequency of doravirine resistance mutations was
similar between B and non-B subtypes. In comparison, the prevalence of rilpivirine,
etravirine, nevirapine and efavirenz resistance was higher whatever the used algorithm
(ANRS: 8.53%, 8.07%, 8.28% and 3.90%; Stanford: 9.90%, 10.02%, 7.47%, and 9.44%,

respectively).

Journal of Antimicrobial Chemotherapy: under review



Journal of Antimicrobial Chemotherapy Page 4 of 17

58  Conclusions: The prevalence of doravirine resistance mutations is very low in antiretroviral-

59 naive patients. These results are very reassuring for doravirine use in naive patients.

Journal of Antimicrobial Chemotherapy: under review



Page 50of 17

60

61

62

63

64

65

66

67

68

69

70

71

72

73

74

75

76

77

78

79

80

81

82

Journal of Antimicrobial Chemotherapy

INTRODUCTION

Intensive scale-up of antiretrovirals worldwide has led to a dramatic decrease in HIV-1 related
morbidity and mortality. Despite this success, the expansion of treatment has been
accompanied by a significant increase in the prevalence of both acquired and transmitted HIV
drug resistance (TDR). TDR may impact response to therapy, leading to virologic failure and
the evolution of further drug resistance. The increasing prevalence of TDR has been mostly
driven by non-nucleoside reverse transcriptase inhibitors (NNRTIs), particularly in sub-

Saharan Africa as a result of the extensive use of efavirenz and nevirapine. [1]

Doravirine is a novel HIV-1 NNRTI in phase III clinical development. Doravirine has an in
vitro resistance profile that is distinct from other NNRTIs, retaining activity against viruses
containing the most frequently transmitted NNRTIs mutations, such as K103N, EI138K,
Y181C and G190A [2]. Doravirine selects for distinct mutations in vitro, including mutations
at positions 106, 108, 227 and 234 with multiple mutations required for significant levels of
resistance [3]. Some studies characterized the in vitro phenotypic susceptibility of NNRTI-
associated mutant viruses to doravirine. Only few single mutations were associated with >10-
fold reduced susceptibility to doravirine, including V106A, Y188L and M230L. [4]
Furthermore, the double and triple mutants VI106A/F227L, V106/L2341,
V106A/F227L/L2341 or VI106A/G190A/F227L all showed substantial resistance to

doravirine. [3-5]

Recent phase III trials showed that doravirine has non-inferior efficacy when compared to
darunavir/r (800/100 mg) or to efavirenz in combination with 2 NRTIs (tenofovir and

emtricitabine or abacavir and lamivudine) in treatment-naive patients. [6,7] Data on the

Journal of Antimicrobial Chemotherapy: under review
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83  occurrence of doravirine-associated mutations in treatment-naive patients is crucial to inform

84  the further provision of treatment.

85  The aim of this study was to examine the prevalence of doravirine-associated mutations in
86  HIV-l-infected treatment-naive patients in Europe over time (2010-2016) across various
87  subtypes and to compare this prevalence to those known for currently available NNRTIs:

88 efavirenz, rilpivirine, nevirapine and etravirine.

89

90 MATERIALS AND METHODS

91

92  Bulk resistance genotypic tests were performed between 2010 and 2016 at 6 reference
93  laboratories: 2 in Paris, France (Pitié-Salpétriere and Bichat Claude Bernard hospitals), 3 in
94  TItaly (University of Rome “Tor Vergata”, INMI Spallanzani-IRCCS, Modena Hospital) and 1
95 in Greece (Department of Hygiene Epidemiology and Medical Statistics, Medical School,
96 National and Kapodistrian University of Athens, Athens, Greece). In addition, HIV-1 RT
97  sequence data from drug-naive patients were provided by a number of centers included in the
98 ARCA database (www.dbarca.net) in Italy without overlap with the above mentioned
99 reference laboratories. Doravirine-associated mutations identified in vitro and used to define
100  doravirine resistance in this study were: V106A/M, V108I, Y188L, V190S, H221Y,
101 F227C/L/V, M230I/L, L2341, P236L, Y318F and K103N/Y181C. [2-5] HIV-1 with at least

102  one of these mutations was considered as resistant.

103 NNRTIs mutations associated with resistance to efavirenz, rilpivirine, nevirapine and
104  etravirine were those listed in the ANRS algorithm (table of rules 2017;

105  www.hivfrenchresistance.org), in the IAS list 2017 (www.iasusa.org) and in the Stanford HIV

106  drug resistance database (HIVdbversion 8.5; https://hivdb.stanford.edu/dr-

Journal of Antimicrobial Chemotherapy: under review
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summary/resistance-notes/NNRTI/). Namely, efavirenz: L100I, KI101E/P, KI103N/S,

V106A/M, V1081, Y181C/I/V, Y188C/H/L, G190A/E/S, P225H, M230L; etravirine: V901,
A98G, L1001, K101E/H/P, V106l, E138A/G/K/Q, V179D/F/T, Y181C/I/V, G190A/E/S,
M230L; nevirapine: L1001, K101E/P, K103N/S, V106A/M, V1081, Y181C/I/V, Y188C/H/L,
G190A/E/S, M230L; rilpivirine: L100I, KI101E/P, E138A/G/K/Q/R, V179L, Y181C/I/V,

Y188L, G190A/E/S, H221Y, F227C, M230I/L.

Resistance interpretation was made using the Smartgene® Integrated Database Network

System (SmartGene, Switzerland; http://www.smartgene.com) according to the Stanford

University (https://hivdb.stanford.edu) or the ANRS Algorithm

(http://www.hivfrenchresistance.org).

Subtype was determined on the basis of the reverse transcriptase (RT) and protease coding
regions by Smartgene algorithm (Smartgene®, Switzerland) or by phylogenetic analyses,
using reference sequences of HIV-1 subtypes and circulating recombinant forms (CRF) from

the Los Alamos Database (https://www.hiv.lanl.gov/content/sequence/HIV/mainpage.html).

Between-group comparisons were carried out using Fisher’s exact test.

RESULTS

Distribution of HIV-1 subtypes in antiretroviral-naive patients

A total a 9764 reverse transcriptase sequences obtained between 2010 and 2016 for HIV-1
treatment-naive patients in routine clinical care were analyzed: 4939 were performed between
2010-2012 and 4825 between 2013 and 2016. The distribution of subtypes was: 52.99% B

subtypes and 47.01% non-B subtypes. Subtypes with prevalence higher than 3.00% included

Journal of Antimicrobial Chemotherapy: under review
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130 CRF02_AG (14.62%), A (6.28%), C (3.35%) and F (3.19%). There was a significant increase
131 of non-B subtypes in 2013-2016 with respect to 2010-2012 (49.43% vs. 42.68%, respectively,

132 p<0.001).

133

134  Prevalence of doravirine resistance associated mutations

135  The overall prevalence of sequences with at least 1 doravirine resistance associated mutation
136 was 1.40% (n = 137). The number of sequences with 1, 2, 3 and 4 doravirine resistance
137  associated mutations was 127 (1.30%), 8 (0.08%), 1 (0.01%) and 1 (0.01%), respectively. The
138  presence of the double mutant K103N/Y 181C was 0.05% (n=5). This overall prevalence was
139  significantly lower than the prevalence of sequences with at least 1 resistance associated
140  mutations for other NNRTIs: efavirenz (4.31%, n = 421), nevirapine (4.31%, n = 421),

141 rilpivirine (7.73%, n=755) or etravirine (11.72%, n = 1143) (p < 0.001) (Figure 1).

142 Among the doravirine resistance associated mutations, the most frequent mutations were
143 V108I (0.63%; n=62), Y188L (0.18%; n=18), H221Y (0.18%; n=18) and Y318F (0.24%;
144  n=23) (Figure 2). The other doravirine resistance associated mutations were very rare:
145  VI06A/M (0.08%; n=8), G190S (0.05%; n=5), F227C/L/V (0.12%; n=12), M230I/L (0.04%;
146  n=4), L2341 (0.01%; (n=1), P236L (0.03%; n=3), KI103N/Y181C (0.05%, n=5). In
147  comparison, the prevalence of common NNRTIs mutations were K103N/S (2.13%; n=208),
148  E138A/G/K/Q/R (6.52%; n=637), Y188C/H/L (0.23%; n=22) and G190A/E/S (0.52%; n=51)
149  (Figure 2). Between 2010-2012 and 2013-2016, there was only a significant increase for
150  KI103N/S (2.04% versus 2.98%, p = 0.003) and in G190A/E/S (0.32% versus 0.77%, p =

151 0.003).

152

153  Resistance

Journal of Antimicrobial Chemotherapy: under review
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As one mutation was considered as resistance to doravirine, 1.45% (n=142) of samples were
resistant to doravirine in comparison with 8.53% (n=833) to rilpivirine, 8.07% (n=788) to
etravirine, 8.28% (n=809) to nevirapine and 3.90% (n=348) to efavirenz according to the
2017 ANRS algorithm. These results were slightly different according to the Stanford
algorithm: 9.90% (n=967) for rilpivirine, 10.02% (n=979) for etravirine, 7.47% (n=730) for

nevirapine and 9.44% (n=828) for efavirenz.

There was no relationship between any subtypes and the presence of any doravirine associated
mutations. Indeed, the overall prevalence of sequences with at least 1 doravirine resistance
associated mutation and considered as resistant variants was 1.59% (n=84) and 1.29% (n=58)
in B versus non-B subtypes, respectively (p=0.168). In contrast, according to both ANRS and
Stanford algorithms, the prevalence of resistance was statistically higher for B than non-B
subtypes for nevirapine and rilpivirine (table 1). The resistance to etravirine was also

statistically higher for B subtypes only with the Stanford algorithm (table 1).

DISCUSSION

This is the first study evaluating the prevalence of doravirine resistance associated mutations
in a large European database of antiretroviral-naive HIV-1-infected patients. These results
showed that the prevalence of doravirine resistance associated mutations in HIV-1-infected
treatment-naive patients in Greece, Italy and France is very low, significantly lower than other
NNRTIs resistance associated mutations, antiretrovirals potentially recommended as first line

regimen. [8—10] This occurrence was stable over time and not related to any HIV-1 subtype.

The proportion of non-B subtypes was higher in our study (47.01%) compared to the

continuous HIV drug resistance surveillance program (SPREAD) taking place in 27 countries

Journal of Antimicrobial Chemotherapy: under review
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in Europe from 2002 to 2007 (32.66%), or to the last study in France among 1318 French
patients diagnosed at the time of primary HIV-1 infection in 2007-2012 (33.70%) or in Italy
in 4323 drug naive individuals between 2010 and 2014 (30.80%). [11-13] However, this
higher prevalence of non B subtypes is consistent with the continuous increase of the non-B
subtypes in Europe or the high prevalence of non-B subtypes observed recently in Greece.
[13—15] Thus, our study provides a representative view of HIV subtypes circulating in

Western Europe.

The resistance to NNRTIs was higher for B than non B subtypes in this study, except for
doravirine resistance which was not impacted by HIV subtypes. It is according to several
studies showing that transmitted drug resistance was higher in HIV-1 subtype B infected men
having sex with men in primary infection or in chronically antiretroviral naive HIV-1 infected

patients in France, as well as in previous European report. [12,16]

In in vitro studies, the HIV resistance mutations associated to doravirine with the highest fold
change were V106A, Y188L and M230L. [4] In the DRIVE-FORWARD clinical study,
resistance to doravirine emerged in one participant as a multiple mutant (V106I, H221Y and
F227C) in the context of non-compliance. [6] In DRIVE-AHEAD, in the doravirine group,
the NNRTI mutations were for 1.6% of patients: Y188L; V106I, F227C; V106V/I, H221H/Y,
F227C; F227C; V106A, P225H, Y318Y/F; V106M/T, F227C/R. [7] In our study, the
prevalence of these resistance mutations was very low (<0.2%) and the double or triple HIV
mutants showing the highest level of in vitro resistance were virtually absent (<0.001%). [3—

3]

Overall, our results showed that primary resistance is currently less frequent for doravirine
than for other second generation NNRTIs such as etravirine and rilpivirine. This difference
could be explained by some resistance mutations associated to etravirine or rilpivirine, like

VI0I, A98G, V106I, V179D/F/T and especially E138A, which are not included in the

Journal of Antimicrobial Chemotherapy: under review
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doravirine resistance associated mutation list. For example, E138A was present in 4.2% of
sequences in this study. Similarly, the prevalence of the E138A polymorphic substitution
which can decrease rilpivirine susceptibility was 3.2% (95% CI 1.9%—4.6%) in 2010/11 in
antiretroviral naive chronically HIV-1 infected patients in France. [16] One limitation of this
study is its descriptive aspect. It should be interesting to further study the impact of these

studied resistance mutations to doravirine virological response.

According to Lambert-Niclot’s analysis using both the IAS and ANRS lists, 5% of the
samples from treatment-naive patients had primary rilpivirine resistance associated mutations
from 2008 to 2011. [17] Notably, the prevalence of primary resistance to rilpivirine increased
over time since it nearly doubled during our study (8.53%). As the doravirine resistance
mutations were different from the other NNRTIs, we can expect no or low impact of the
prevalence increase of resistance mutations for the other NNRTIs, in the context of

transmitted drug resistance.

These results are very reassuring in the perspective of the use of doravirine in naive patients
since doravirine remains active against the commonly transmitted efavirenz and rilpivirine
mutations in vitro. However, the role of doravirine in vivo remains to be confirmed through
clinical observation, particularly because patients harboring NNRTI-resistant virus were

deliberately excluded from clinical trials completed so far.
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Figure 1: Percent of Reverse Transcriptase sequences with at least one resistance mutation to NNRTI
Doravirine (DOR), Efavirenz (EFV), Rilpivirine (RPV), Nevirapine (NVP) and Etravirine (ETR).

*:p<0.0001
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Figure 2: Prevalence of Reverse Transcriptase sequences with at least one resistance mutation to
Doravirine or other NNRTI

In blue: mutations associated with resistance to doravirine, in red: mutations associated to other
NNRTIs
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ANRS algorithm

Stanford algorithm

Efavirenz, n (%)
Nevirapine, n (%)
Etravirine, n (%)

Rilpivirine, n (%)

B Non-B B Non-B
212 (4.02) 136 (3.72) P=0.500 485 (9.73) 343 (9.08) P=0.320
590 (11.19) 219 (5.12) P<0.001 423 (8.02) 307 (6.83) P=0.025
443 (8.40) 345 (7.68) P=0.190 574 (10.88) 405 (9.01) P=0.002
488 (9.26) 345 (7.68) P=0.006 565 (10.71) 402 (8.94) P=0.003

Table 1: HIV resistant variants according to the B and non-B subtypes.
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