Infection and Drug Resistance Dove

ORIGINAL RESEARCH

High Prevalence of Doravirine Resistance
in HIV-1-Infected Patients with Virological
Failure to an NNRTI-Based Single-Tablet
Regimen

Hung-Chin Tsai(®'™, I-Tzu Chen', Hui-Min Chang®®, Susan Shin-Jung Lee®'?, Yao-Shen Chen'"?

'Division of Infectious Diseases, Department of Medicine, Kaohsiung Veterans General Hospital, Kaohsiung, Taiwan; 2Facu|ty of Medicine, School of
Medicine, National Yang Ming Chiao Tung University, Taipei, Taiwan; 3Department of Parasitology, Kaohsiung Medical University, Kaohsiung, Taiwan;
“Institute of Biomedical Sciences, National Sun Yat-Sen University, Kaohsiung, Taiwan; *Shu-Zen Junior College of Medicine and Management,
Kaohsiung, Taiwan; Department of Pharmacy, Kaohsiung Veterans General Hospital, Kaohsiung, Taiwan; Institute of Clinical Pharmacy and
Pharmaceutical Sciences, College of Medicine, National Cheng Kung University, Tainan, Taiwan; ®Department of Pharmacy and Graduate Institute of
Pharmaceutical Technology, Tajen University, Pingtung, Taiwan

Correspondence: Hung-Chin Tsai, Division of Infectious Diseases, Department of Medicine Kaohsiung Veterans General Hospital, #386 Ta-Chung Ist
Road, Kaohsiung, 813, Taiwan, Tel +886 7 342212| ext. 2029, Fax +886 7 346 8292, Email hctsail 0l | @yahoo.com.tw; tsaihungchin@gmail.com

Purpose: This study aimed to investigate the prevalence of resistance to a non-nucleoside reverse transcriptase inhibitor (NNRTI)-
based single-tablet regimen (STR) in Taiwanese patients and clarify the clinical implications of using doravirine in patients who fail
NNRTI treatment.

Patients and Methods: Taiwanese patients infected with HIV-1 who failed NNRTI-based STR treatment were enrolled in this
retrospective cohort study from 2015 to 2020. Mutations associated with drug resistance were identified using the 2019 International
Antiviral Society-USA list of drug-resistant mutations in HIV, and drug susceptibility was assessed according to the Stanford HIV
Drug Resistance Database version 9. Median values of continuous variables were compared between two groups using the Mann—
Whitney U-test, and categorical variables were compared using the chi-square test or Fisher’s exact test.

Results: A total of 107 patients were included, of whom 29 were treatment failure to the initial STRs, and 78 failed treatment after
switching to an STR. Seventy-four patients failed treatment with TDF/FTC/EFV (Atripla), 30 with TDF/FTC/RPV (Complera) and 3
with TAF/FTC/RPV (Odefsey). The prevalence rates of resistance to nucleoside reverse transcriptase inhibitors (NRTIs), NNRTIs,
protease inhibitors (PIs) and integrase strand transfer inhibitors (INSTIs) were 76%, 86%, 3% and 2%, respectively. Among the 29
patients failure to the initial STRs, 62% developed doravirine resistance, compared to 64% of the 78 the patients who failed treatment
after switching to an STR. There were no significant differences in the prevalence of specific NNRTI or doravirine resistance-associated
mutations between these two groups. The patients with K65R mutations were more likely to have NNRTI resistance (p = 0.037) and
doravirine resistance (p < 0.001).

Conclusion: Our findings showed a high rate of doravirine cross-resistance in patients with NNRTI-based STR treatment failure.
Doravirine should be used cautiously as a salvage regimen in patients who fail NNRTI treatment.
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Introduction

Doravirine is a new generation non-nucleoside reverse transcriptase inhibitor (NNRTI) which has been shown to be
clinically effective for patients with K103N and G190A NNRTI mutations.' When used in combination with tenofovir and
lamivudine as a single-tablet regimen (STR), doravirine has been shown to have a non-inferior efficacy and safety profile
compared with efavirenz- and darunavir-based regimens for patients who have not previously received antiretroviral

treatment (ART)>® or to replace the current ART regimen in those who are virologically suppressed.* Resistance to
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doravirine can develop and has been associated with the number of NNRTI resistance-associated mutations even without
previous exposure. Previous in vitro multisite-directed mutagenesis studies have shown substantial cross-resistance to
doravirine in NNRTI-resistant viruses, and significant increases in median fold change values with an increasing number of
NNRTI resistance-associated mutations.’

STRs have been associated with better drug adherence,’® decreased risk of resistance mutations,” and improved quality
of life compared to multiple-tablet regimens.® However, the prevalence of doravirine cross-resistance after STR failure is
unknown. Most previous studies of NNRTI failure have been conducted in low-income countries where efavirenz- or
nevirapine-based regimens were used as first-line treatment.” Therefore, this study aimed to investigate the prevalence of
resistance to an NNRTI-based STR in Taiwanese patients and clarify the clinical implications of using doravirine in
patients who fail NNRTI treatment.

Materials and Methods

Ethics Statement

The Institutional Review Board of Kaohsiung Veterans General Hospital, Taiwan, approved this study (VGHKS17-CT8-14),
which was conducted according to the Declaration of Helsinki. In addition, all of the study subjects signed the written
informed consent and all the participants had their records used in this study.

Study Design and Participants

This retrospective cohort study enrolled individuals residing in southern Taiwan, who were infected with HIV-1 and failed
treatment with an NNRTI-based STR from 2015 to 2020. Briefly, the inclusion criteria included those patients with
virological failure to NNRTI-based STRs and underwent an HIV genotypic drug resistance testing at our hospital. The
definition of virological failure was an HIV-1 viral load of >1000 copies/mL."° The enrolled patients attended regular follow-
up visits at our outpatient department, during which they were tested for viral load, CD4+ T cell count, biochemistry and
hematology. The visits were scheduled for every 3 months during the first year after the diagnosis of HIV, and thereafter
every 6 months in the stable patients. Combination antiretroviral therapy (cART) is provided to all individuals infected with
HIV-1 at no cost by the Taiwanese government. AAlthough the cost of genotypic drug resistance testing is not reimbursed in
Taiwan, the pretreatment and virological failure drug resistance testings are not mandatory and are only done at the
clinician’s discretion. However, blood samples of patients with virological failure can be sent to a local research laboratory
and the Taiwan Centers for Diseases Control on request. Before June 2016, the first-line cART regimens were restricted to
zidovudine/lamivudine (ZDT/3TC) plus nevirapine (NVP) or efavirenz (EFV) due to financial constraints. However, after
June 2016, the criteria for reimbursement were revised, and subsequently all treatment-naive patients infected with HIV-1
were able to receive an STR. Efavirenz/emtricitabine/tenofovir disoproxil fumarate (Atripla) became available in Taiwan in
2010, and in June 2016, it was recommended as the first-line cART regimen. Other recommended first-line cART regimens
available in Taiwan include abacavir/dolutegravir/lamivudine (Triumeq) and emtricitabine/rilpivirine/tenofovir disoproxil
fumarate (Complera) also in June 2016, elvitegravir/cobicistat/emtricitabine/tenofovir alafenamide (Genvoya) in
September 2018, bictegravir/emtricitabine/tenofovir alafenamide (Biktarvy) and rilpivirine/emtricitabine/tenofovir alafena-
mide (Odefsey) in October 2019, and doravirine/lamivudine/tenofovir disoproxil fumarate (DOR/3TC/TDF) and dolutegra-
vir/lamivudine (Dovato) in December 2020. Of these, Odefsey, Complera and Atripla were the only NNRTI-based STRs at
the time of conducting the study. In general, most of the HIV-1-infected treatment-naive patients (80%) were initiated with an
INSTI-based STR and 20% with an NNRTI-based STR in Taiwan.

Genotypic Drug Resistance Testing

ViroSeq HIV-1 Genotyping System version v2.8 (Celera, Alameda, CA, USA) was used to test resistance for PR/RT (po!/
gene), and in-house sequencing was used to test resistance to integrase strand transfer inhibitors (INSTIs) (pol gene).'""'?
The International Antiviral Society (IAS)-USA 2019 mutation list'* was used to define the clinically relevant mutations
associated with drug resistance to nucleoside reverse transcriptase inhibitors (NRTIs), INSTIs, protease inhibitors (PIs)

and NNRTIs. For the doravirine resistance-associated mutations, V106A/M/I/T, Y188L/C/H, G190E, P225H, F227C/L/
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Table | Demographic Data of the 107 HIV-1-Infected Patients with
NNRTI-Based STR Treatment Failure

Parameters Patient
Number (%)

Gender Male 104 (97.2)
Age (years) Median (IQR) 33 (28-40)
Risk factor (n=104) Heterosexual 5 (4.8)

MSM 96 (92.3)

IDU 3(29)
pol resistance Yes 94 (87.9)
HIV subtype CRFOI_AE 7 (6.6)

C 1 (0.9)

CRF07_BC 3(28)

A 1 (0.9)

B 95 (88.8)
CD4 (cell/pl) Median (IQR) 231 (91-411)
Viral load (log) copies/mL Median (IQR) 4.6 (42-5.1)
Hepatitis A antibody (n=71) Positive 8 (11.3)
Hepatitis B infection (n=104) | Yes 14 (13.5)
Hepatitis C antibody (n=104) | Positive 6 (5.8)
Months on HAART Median (IQR) 18 (8—46.5)
Current STR regimen failure Atripla 74 (69.2)

Complera 30 (28.0)

Odefsey 3(28)
Months of current regimen Median (IQR) 6 (3—-12)
Initial regimen when HIV was | STR 39 (36.4)
diagnosed (IR) NNRTI-based MTR 54 (50.5)

Pl-based MTR 12 (11.2)

INSTI-based MTR 2 (1.9)
NRTIs in IR ZDV/3TC 48 (44.9)

TDF/F(3)TC 48 (44.9)

ABC/3TC 7 (6.5)

TAF/FTC 1 (0.9)

Others 3(28)
NNRTIs in IR (n=89) EFV 70 (78.7)

NVP 6 (6.7)

RPV 13 (14.6)
Pls in IR (n=12) Boosted-Pl 10 (83.3)
INSTl in IR (n=6) RAL 2 (33.3)

DTG 3 (50.0)

EVG 1 (16.7)
IR switched to current Keep same STR 29 (27.1)
regimen STR switched to 10 (9.3)

another STR

MTR switched to STR 68 (63.6)
Frequency of regimen 0 29 (27.1)
switching | 43 (40.2)

2 22 (20.6)

3 9 (84)

4 3(28)

7 1 (0.9)

Median (IQR) 1 (0-2)

(Continued)
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Table | (Continued).

Parameters Patient
Number (%)
Last regimen before switching | STR 17 (21.8)
to the failed STR (n=78) NNRTI-based MTR 47 (60.3)
Pl-based MTR I (14.1)
INSTI-based MTR 338
Last NRTIs before switching ZDV/3TC 33 (42.4)
to the failed STRs (n=78) TDF/3TC 9 (11.5)
TDF/FTC 26 (33.3)
ABC/3TC 10 (12.8)
Last NNRTIs before switching | EFV 39 (67.3)
to the failed STR (n=58) NVP 5 (8.6)
RPV 14 (24.1)
Last Pls before switching to Boosted-Pl 8 (72.7)
the failed STRs (n=11)
Last INSTIs before switching RAL 3 (33.3)
to the failed STRs (n=9) DTG 6 (66.7)

Abbreviations: ZDV/3TC, zidovudine/lamivudine; TDF/FTC, tenofovir/emtricitabine;
TDF/3TC, tenofovir/lamivudine; ABC/3TC, abacavir/lamivudine; TAF/FTC, tenofovir
alafenamide/emtricitabine; NVP, nevirapine; EFV, efavirenz; RPV, rilpivirine; RAL, ralte-
gravir; DTG, dolutegravir; EVG, elvitegravir; MTR, multiple-tablet regimen; STR, single-
tablet regimen; Atripla, efavirenz/emtricitabine/tenofovir; Complera, emtricitabine/rilpi-
virine/tenofovir; Odefsey, emtricitabine/rilpivirine/tenofovir alafenamide; MSM, men
who have sex with men; IDU, intravenous drug abuser; NRTI, nucleoside reverse
transcriptase inhibitor; NNRTI, nonnucleoside reverse transcriptase inhibitor; Pl, pro-
tease inhibitor; INSTI, integrase strand transfer inhibitor; IQR, interquartile range;
HAART; highly active antiretroviral therapy; IR, initial regimen when HIV was diagnosed.

R, M230L and L2341 were considered to be significant as described by the IAS-USA 2019 mutation list."> The Stanford
University HIV Drug Resistance Database (version 9, last update 2021-2-22) was used to assess resistance and subtypes.

The patients with low, intermediate and high resistance were all classified as having drug resistance.'*

Statistical Analysis

Comparisons of median values of continuous variables between groups (resistant and wild-type virus) were performed
using the Mann—Whitney U-test. Categorical variables were compared between two groups (mutations or resistance)
using the chi-square test or Fisher’s exact test. A two-sided p value of less than 0.05 was considered to be statistically
significant. All statistical analyses were conducted using SPSS version 12.0 (SPSS Inc., Chicago, IL).

Results

Of the 107 enrolled patients, 74 had virological failure to TDF/FTC/EFV (Atripla), 30 to TDF/FTC/RPV (Complera),
and three to TAF/FTC/RPV (Odefsey). The median age (interquartile range, IQR) of the 107 patients was 33 (28—40)
years with male predominant (96%) and 92% were men who have sex with men. The prevalence rates of hepatitis A,
B and C infections were 11%, 14% and 6%, respectively. The median CD4 cell count (IQR) was 231 (91-411) cells/uL,
and the median viral load (IQR) was 4.6 (4.2-5.1) log at time of genotyping. The median (IQR) duration on highly active
antiretroviral therapy (HAART) was 18 (8—46.5) months, and the median (IQR) duration of the current failed regimen
was 6 (3—12) months. The initial regimen when HIV was diagnosed was STR in 39 (36.4%) patients, NNRTI-based
multiple-tablet regimen (MTR) in 54 (50.5%) patients, PI-based MTR in 12 (11.2%) patients and INSTI-based MTR in
two (1.9%) patients. The median (IQR) frequency of switching regimen before switching to the current STR was 1 (0-2).
The last regimen before switching to the current STR (n=78) was STR in 17 (21.8%) patients, NNRTI-based MTR in 47
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(60.3%) patients, Pl-based MTR in 11 (14.1%) patients and INSTI-based MTR in 3 (3.8%) patients. The detailed
demographic and medication histories are summarized in Table 1.

The demographic, treatment and resistance profiles between the 29 patients with treatment failure to the initial
NNRTI-based STRs and 78 patients who switched to an STR (also including patients who switched from one STR to
another STR) and subsequently failed STR treatment are shown in Table 2. There were no significant differences in
demographic data between the two groups. The 29 patients who failed to the initial STRs were more likely to use Atripla
(p=0.02, aHR 3.699, CI 1.170-11.694) and to have a shorter duration on highly active antiretroviral therapy (HAART)
(median 10 months, IQR 3.8—14.8 months) compared to the 78 patients who switched (median 28.5 months, IQR 10-71.4
months) (p<0.001). The risk factors for doravirine resistance are shown in Table 3. There were no significant differences

Table 2 Demographic, Treatment and Resistance Differences Between the 29 Patients Who Failed to the
Initial STR and 78 Patients with Virological Failure After Switching to STRs in Univariate Analysis

Initial NNRTI- Virological Failure p value | aHR | 95% CI
Based STR After Switching to an

Failure (n=29) STR (n=78)
Gender
Male 29 (100) 75 (96.2) 0.561
Age (median, IQR) (years) 30 (26-38) 33 (29-41) 0.156
Risk factor, n (%)
MSM 26 (89.7) 70 (93.3) 0.683 1.615 | 0.360-7.243
Viral load (log) copies/mL 4.7(4.3-5.2) 4.6(4.0-5.1) 0.589
(median, IQR)
CD4 (cell/pl) (median, IQR) 239(51-411) 222(101-421) 0.952
HIV subtype, n (%)
B 26 (89.7) 69 (88.5) 1.000 0.885 | 0.222-3.524
Current regimen, n (%)
Atripla 25 (86.2) 49 (62.8) 0.020 3.699 | 1.170-11.694
Complera 4 (13.8) 26 (33.3) 0.054 0.320 | 0.101-1.106
Odefsey 0 (0) 3 (3.8 0.561
Months on HAART (median, 10.0 (3.8-14.8) 28.5 (10.0-71.4) <0.001
IQR)
Months on current failed 10.0 (3.3-14.5) 6 (3—-12) 0.193
regimen (median, IQR)
K65R mutation
Yes 8 (27.6) 15 (19.2) 0.428 0.625 | 0.232-1.682
TDF resistance
Yes 10 (34.5) 20 (25.6) 0.468 0.655 | 0.261-1.642
Doravirine resistance
Yes 18 (62.1) 50 (64.1) 1.000 1.091 | 0.452-2.634
Pl resistance
Yes I (3:4) 2 (2.6) 1.000 0.737 | 0.064-8.447
Hepatitis A antibody, n=71
Yes 3 (12.5) 5(10.6) 1.000 0.833 | 0.181-3.826
Hepatitis B infection, n=104
Yes 3 (10.3) I (14.7) 0.752 1.490 | 0.384-5.778
Hepatitis C antibody, n=104
Yes 3 (10.3) 34 0.345 0.361 | 0.069-1.903

Abbreviations: TDF, tenofovir; STR, single-tablet regimen; Atripla, efavirenz/emtricitabine/tenofovir; Complera, emtricitabine/rilpivir-
ine/tenofovir; Odefsey, emtricitabine/rilpivirine/tenofovir alafenamide; MSM, men who have sex with men; Pl, protease inhibitors; IQR,
interquartile range; HAART, highly active antiretroviral therapy; Cl, confidence interval; aHR, adjusted hazard ratio; NNRTI, nonnucleo-

side reverse transcriptase inhibitor.
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Table 3 Risk Factors Associated with Doravirine Resistance in Univariate Analysis

DOR Resistance Non-DOR Resistance | p value | aHR | 95% CI
(n=68) (n=39)

Gender
Male 66 (97.1) 38 (97.4) 1.000 0.868 | 0.076-9.898
Age (median, IQR) (years) 33 (2841) 33 (27-38) 0.836
Risk factor, n (%)
MSM 61 (92.4) 35 (92.1) 1.000 1.046 | 0.236-4.642
Viral load (log) copies/mL (median, IQR) 4.6 (4.2-5.1) 4.7 (4.1-5.3) 0.449
CD4 (cell/pl) (median, IQR) 201(48-392) 253(116—440) 0.141
HIV subtype, n (%)
B 59 (86.8) 36 (92.3) 0.530 0.546 | 0.139-2.152
Current regimen, n (%)
Atripla 50 (73.5) 24 (61.5) 0.277 1.736 | 0.749—4.023
Complera 17 (25) 13 (33.3) 0.378 0.667 | 0.281-1.580
Odefsey I (1.5) 2(5.1) 0.552 0.276 | 0.024-3.148
Initial NNRTI-based STR failure (n=29) 18 (26.5) 11 (28.2) 1.000 1.091 | 0.452-2.634
Virological failure after switching to STR 50 (73.5) 28 (71.8)
(n=78)
Months on HAART (median, IQR) 13.5 (7-46) 20.5 (10.9-54.8) 0.230
Months on the current failed regimen 6 (3-11) 10 (4-16) 0.082
(median, IQR)
Pl resistance
Yes 2(29) 1 (2.6) 1.000 1.152 | 0.101-13.125
Hepatitis A antibody, n=71
Yes 5(10.9) 3(12) 1.000 0.894 | 0.195-4.098
Hepatitis B infection, n=104
Yes 10 (15.4) 4 (10.3) 0.561 1.591 | 0.463-5.468
Hepatitis C antibody, n=104
Yes 5(7.7) I (2.6) 0.406 3.167 | 0.356-28.158

Abbreviations: STR, single-tablet regimen; DOR, doravirine; Atripla, efavirenz/emtricitabine/tenofovir; Complera, emtricitabine/rilpivirine/tenofovir;
Odefsey, emtricitabine/rilpivirine/tenofovir alafenamide; MSM, men who have sex with men; P, protease inhibitor; IQR, interquartile range; HAART, highly
active antiretroviral therapy; Cl, confidence interval; aHR, adjusted hazard ratio; NNRTI, nonnucleoside reverse transcriptase inhibitor.

in age, risk factors for HIV infection, CD4, viral load, HIV subtype, duration on HAART and the current failed regimen
between those with and without resistance.

Among the 107 patients, only 8 underwent pretreatment genotypic resistance testing, and they all had the wild
type. Sanger sequencing successfully identified the PR/RT (n=107) and INSTI (n=12) regions in all cases. Five of
the 12 patients who underwent INSTI resistance testing had previous exposure to INSTIs. Overall, 89% of the
patients had subtype B HIV-1 strains and 7% had subtype CRF01_AE (Table 1). The prevalence rates of NRTI,
NNRTI, PI and INSTI drug resistance-associated mutations were 76%, 88%, 5% and 2%, respectively (Figure 1).
The distribution frequencies of NRTI, NNRTI, PI and INSTI mutations are shown in Figure 2. The most common
NRTI resistance-associated mutations were M184V (57.9%) and K65R (20.6%); for NNRTIs K103N (35.5%),
V179D (20.6%) and L1001 (15%); for PIs L33F (1.9%), K20T (1.9%) and V321 (1.9%); and for INSTIs G148H
(0.9%) and G140S (0.9%). Differences in prevalence of mutation point between the 29 patients who failed to the
initial STRs and 78 who failed treatment after switching to STRs are shown in Figure 3. There were no significant
differences in the percentage of specific doravirine resistance-associated mutations between these two groups
(Figure 4). The prevalence rates of NRTI, NNRTI, PI and INSTI drug resistance were 76%, 86%, 3% and 2%,
respectively. Overall, 88% of the patients had resistance to any one of the four classes of cART (Figure 5). The
rates of resistance to individual antiretroviral drugs are shown in Figure 6. Overall, 28% of the 107 patients had
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Figure | Rates of mutations associated with resistance to INSTIs, Pls, NNRTIs and NRTls among the 107 enrolled patients with HIV-I infection and virological failure to
STRs. Overall, 88% of the patients had mutations associated with drug resistance to any of the four classes of antiretroviral drugs, including 88% with resistance to NNRTIs,
76% to NRTIs, 5% to Pls and 2% to INSTIs.

Abbreviations: STR, single-tablet regimen; INSTI, integrase strand transfer inhibitor; Pl, protease inhibitor; NNRTI, non-nucleoside reverse transcriptase inhibitor; NRTI,
nucleoside reverse transcriptase inhibitor.
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Figure 2 The prevalence of mutations associated with drug resistance to INSTIs, Pls, NNRTIs and NRTIs among the 107 enrolled patients with HIV-1 infection and
virological failure to STRs. The most common mutations associated with resistance to NRTIs were M184V (57.9%) and K65R (20.6%); for NNRTIs KI103N (35.5%), VI79D
(20.6%) and L100I (15%); for Pls L33F (1.9%), K20T (1.9%) and V32I (1.9%), and for INSTIs G148H (0.9%) and G140S (0.9%).

Abbreviations: STR, single-tablet regimen; INSTI, integrase strand transfer inhibitor; Pl, protease inhibitor; NNRTI, non-nucleoside reverse transcriptase inhibitor; NRTI,
nucleoside reverse transcriptase inhibitor.

resistance to tenofovir (TDF), 4% to zidovudine (AZT) and 64% to doravirine. Among the 68 patients (64%) with
doravirine cross resistance, the high-level resistance was 32.4% (22/68), intermediate resistance 48.5% (33/68) and
low-level resistance 19.1% (13/68).
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Figure 3 Differences in prevalence of mutation point between 29 patients who failed to the initial STRs and 78 patients with failure after switching to STRs.
Abbreviations: STR, single-tablet regimen; INSTI, integrase strand transfer inhibitor; Pl, protease inhibitor; NNRTI, non-nucleoside reverse transcriptase inhibitor; NRTI,
nucleoside reverse transcriptase inhibitor.

There was no significant difference in the prevalence of doravirine resistance between the 29 initial STR failure
patients and 78 patients who failed treatment after switching to STRs (62% vs 64%, p=1.000). The risk factors for K65R
mutations are shown in Table 4. The patients with K65R mutations were more likely to have NNRTI (p=0.037) and
doravirine (p<0.001) resistance compared to those without K65R mutations.

Discussion
In this study, we found high rates of NRTI (76%) and NNRTI (86%) resistance among the 107 patients with NNRTI-
based STR treatment failure. Overall, 64% of the patients had cross-resistance to doravirine despite not having used it
before. In addition, the patients with K65R mutations were more likely to have NNRTI resistance (p=0.037) and
doravirine resistance (p<0.001).

In the Italian Antiviral Response Cohort Analysis (ARCA) database,'” researchers enrolled patients who had
genotypic resistance tests before and after NNRTI-based cART treatment since 1999. The analysis showed that 12.7%

3864 e Infection and Drug Resistance 2022:15

Dove!


https://www.dovepress.com
https://www.dovepress.com

Dove Tsai et al

20.0%
p=0.485
15.0% 13.8%
p=0.443
p=1.000 ,—| p=1.000 0661
p=0.
10.0% I — 9.0% ' — .Io p=0.572 ] I 9.0% p=1.000 p=0.572
6.9% ° 69% " ° 6.9%
5.1%
5.0% 34% 34%
. 0.0% 0.0% 0.0% l 0.0% 0.0%  0.0% 0.0%
0.0%
= & v S &~ » %
Q) o N ©
& & v .
K\ AV > ~
< R
S
mnaive STR (n=29)  mswitching drug total (n=78)

Figure 4 The prevalence of doravirine resistance-associated mutations are shown according to the IAS-USA 2019 HIV drug resistance-associated mutation list. There were
no statistically significant differences in the percentage of specific doravirine resistance-associated mutations between the 29 patients who failed to the initial STRs and 78
treatment failures after switching to STRs.
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Figure 5 Prevalence rates of resistance to INSTIs, Pls, NNRTIs and NRTIs among the 107 enrolled patients with HIV-1 infection and virological failure to STRs. Overall, 88%
of the patients had drug resistance to any of the four classes of antiretroviral drugs, including 86% who had resistance to NNRTIs, 76% to NRTIs, 3% to Pls and 2% to INSTIs.
Abbreviations: STR, single-tablet regimen; INSTI, integrase strand transfer inhibitor; Pl, protease inhibitor; NNRTI, non-nucleoside reverse transcriptase inhibitor; NRTI,
nucleoside reverse transcriptase inhibitor.

and 6.1% of the NNRTI-experienced patients had intermediate and high-level resistance to doravirine, respectively. In
a database of seven HIV genotypic drug resistance testing reference laboratories in France and Italy, a total of 9199 HIV-
1 reverse transcriptase sequences were obtained from 2012 to 2017 from HIV-1 antiretroviral-experienced patients.
Analysis of the database showed that the prevalence of sequences with at least one doravirine-associated resistance
mutation was 34.9% in the patients who failed NNRTI treatment if V106A/M, V1081, Y188L, G190S, F227C/L/V,
M230I/L, L2341, P236L, K103N + Y181C, K103N + P225H and K103N + L100I were considered to be doravirine-
associated resistance mutations.'®

In a cross-sectional HIV drug resistance study conducted in Zambia, researchers enrolled young adults aged 15 to 24
years with virological failure after at least 6 months of antiretroviral therapy. They found that the prevalence rates of at
least one HIV drug resistance-associated mutation to NRTIs, NNRTIs and PIs were 81%, 65.5% and 1.7%, respectively.
Interestingly, there were relatively high prevalence rates of the NNRTI mutations V106A (36.2%), Y188C/L (36.2%) and
P225H (20.7%), which conferred resistance to etravirine. Although they did not analyze the prevalence of doravirine
resistance, the high prevalence of Y188 C/L mutations (36.2%) conferred high-level resistance to doravirine according
the Stanford University HIV db Program (HIV db version 9, last updated on 2021-02-22)"* A possible reason could be
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Figure 6 The prevalence of drug resistance to NRTIs, NNRTIs, Pls and INSTIs among the 107 enrolled patients with HIV-1 infection and virological failure stratified by
different NNRTI-based STRs. The figure shows that a total of 28% of 107 patients resistance to tenofovir (TDF), 4% to zidovudine (AZT) and 64% to doravirine.
Abbreviations: STR, single-tablet regimen; INSTI, integrase strand transfer inhibitor; Pl, protease inhibitor; NNRTI, non-nucleoside reverse transcriptase inhibitor; NRTI,
nucleoside reverse transcriptase inhibitor.

related to cross-resistance with nevirapine and efavirenz, which are widely used as first-line ART and prevention of
mother-to-child transmission (PMTCT) programs.'’

In a study conducted in South Africa, Steegen et al reported rates of predicted intermediate and high-level resistance
of 41% and 43.8% to doravirine, respectively, among 1372 patients who failed NNRTI-based ART when using the less
stringent Stanford HIVdb v8.9 resistance interpretation criteria’ (in which the V1061 mutation was considered to confer
resistance) compared to the Stanford HIVdb v9.0 criteria. However, none of the aforementioned studies reported on how
many patients used STRs.

The possible explanation for the high prevalence of doravirine resistance in our patients who failed NNRTI-based
STR may be multifactorial. The K65R mutation was associated with a higher risk of NNRTI and doravirine resistance in
this STR study. It is possible that the physicians chose the patients with poor drug adherence and prolonged failure with
cumulative resistance for genotypic drug resistance testing, because access and reimbursement for such testing is limited
in Taiwan. In addition, virological failure was defined as a single viral load >1000 copies/mL instead of >50 copies/mL
or 200 copies/mL. This may have resulted in the selection of patients without adequate drug adherence rather than those

3866 e Infection and Drug Resistance 2022:15

Dove!


https://www.dovepress.com
https://www.dovepress.com

Dove Tsai et al

Table 4 Risk Factors Associated with the K65R Mutation in Univariate Analysis

With the K65R Without the K65R p value | aHR | 95% ClI
Mutation (n=23) Mutation (n=84)
Gender
Male 23 (100) 81 (96.4) 1.000
Age (median, IQR) (years) 30 (28-35) 32 (28-41) 0.087
Risk factor, n (%)
MSM 23 (100) 73 (90.1) 0.195
Viral load (log) copies/mL 4.6 (3.8-5.1) 4.7 (4.2-5.1) 0.570
(median, IQR)
CD4 (cell/pl) (median, IQR) 253(167-418) 222(54-410) 0.210
HIV subtype, n (%)
B 22 (95.7) 73 (86.9) 0.455 3.315 | 0.405-27.122
Current regimen, n (%)
Atripla 18 (78.3) 56 (66.7) 0.322 1.800 | 0.605-5.352
Complera 4 (17.4) 26 (31) 0.295 0.470 | 0.145-1.518
Odefsey 1 (4.3) 2 (24 0.520 1.864 | 0.161-21.513
Initial NNRTI-based STR 8 (34.8) 21 (25) 0.428 0.625 | 0.232-1.682
failure (n=29)
Virological failure after 15 (65.2) 63 (75)
switching to STR (n=78)
Months on HAART (median, 24 (8-41) 15.3 (8-54.8) 0.957
IQR)
Months on the current 9 (5-12) 6 (3-12) 0.099
regimen (median, IQR)
NNRTI resistance
Yes 23 (100) 69 (82.1) 0.037
DOR resistance
Yes 23 (100) 45 (53.6) <0.001
Pl resistance
Yes 0 (0) 3 (3.6) 1.000
INSTI resistance
Yes 0 (0) 2 (22.2) 1.000
Hepatitis A antibody, n=71
Yes 4 (25) 4(7.3) 0.070 4.250 | 0.928-19.469
Hepatitis B infection
Yes 2(9.1) 12 (14.6) 0.729 0.583 | 0.120-2.824
Hepatitis C antibody
Yes | (4.5) 5(6.1) 1.000 0.733 | 0.081-6.622

Abbreviations: STR, single-tablet regimen; DOR, doravirine; Atripla, efavirenz/emtricitabine/tenofovir; Complera, emtricitabine/rilpivirine/
tenofovir; Odefsey, emtricitabine/rilpivirine/tenofovir alafenamide; MSM, men who have sex with men; IQR, interquartile range; HAART, highly
active antiretroviral therapy; Cl, confidence interval; aHR, adjusted hazard ratio; NNRTI, nonnucleoside reverse transcriptase inhibitor; PI,
protease inhibitor; INSTI, integrase strand transfer inhibitor.

with transient viral blips. Another possible explanation may be that the patients were taking STRs and so they could not
choose to only take part of their medication. All of these explanations may have contributed to the high association
between K65R and NNRTI resistance.

The high prevalence of doravirine resistance in this study was not derived from the presence of the V1061 mutation in
either our initial STR failure patients (7.7%) or those who failed treatment after switching to an STR (3.4%). The
mutational score for V1061 was only 10, which is considered to be susceptible in the Stanford HIVdb v9.0 resistance
interpretation criteria used in this study. The Stanford HIVdb program scores individual mutations from 5 to 60, and
a mutational score of >15 is considered to indicate resistance. In the Stanford University HIVdb version 8.7 (available at

Infection and Drug Resistance 2022:15 hetps: 3867

Dove:


https://www.dovepress.com
https://www.dovepress.com

Tsai et al Dove

https://hivdb.stanford.edu/hivdb), V106I has a score of 15,'® whereas the score is 10 in version 9 (last update 2021-2-22).
Therefore, the presence of the V1061 mutation and not combined with other NNRTT drug resistance-associated mutations

would be less likely contribute to the high prevalence of doravirine resistance in this study.

In our previous study, we enrolled a total of 224 HIV-infected, treatment-naive patients and found prevalence rates of
NRTI, NNRTI, PI and INSTI resistance of 4%, 5.8%, 0.4% and 0.9%, respectively.19 The doravirine-associated
resistance was less than 2%. It is therefore reasonable that the high prevalence rate of doravirine resistance may have
come from cross-resistance due to the previous exposure to NNRTIs and also de novo resistance because of prolonged
failure to NNRTI-based STRs rather than the occurrence of transmitted drug resistance to doravirine.

There are several limitations to this study. First, pretreatment genotypic drug resistance testing was only available in eight
patients. The impact of transmitted drug resistance to NNRTI was hard to evaluate despite the presence of low rate of
transmitted drug resistance to doravirine in our previous study.'® Second, relatively few of the HIV-1-infected patients received
genotype resistance testing after failing treatment. Only patients with a viral load of >1000 copies/mL were enrolled, and we did
not have data on the treatment outcomes after NNRTI-based STR failure. Third, the interpretation tool may have affected the
prevalence of drug resistance-associated mutations. For example, for doravirine resistance-associated mutations, V106A/M/I/T,
Y188L/C/H, G190E, P225H, F227C/L/R, M230L and L2341 were considered to be significant in the IAS-USA 2019. Overall,
64% of the patients had resistance to doravirine. If the doravirine-associated mutations were defined as V106A/M, V108I,
Y188L, F227C/L/V, M230I/L, 12341, P236L, K103N+ P225H, K103N+ L1001, K103N+Y181C and G190S as in the study by
Soulie et al,' the expected prevalence of doravirine would be higher than in the present study.

Conclusion

We identified high rates of NRTI and NNRTI resistance in patients with virological failure to NNRTI-based STRs. The
patients with K65R mutations were associated with doravirine resistance. Doravirine should be used cautiously as
a salvage regimen in patients who fail NNRTI treatment.
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