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Abstract

Background

Regimen simplification to 2-drug antiretroviral therapy (2-ART) may address potential tolera-
bility issues, increase adherence, and reduce toxicity and potential drug-drug-interactions
among people living with HIV-1 (PLWH). However, real-world treatment patterns and char-
acteristics of 2-ART users are unclear.

Methods

This retrospective observational cohort study employed a large-scale medical claim data-
base of Japanese hospitals to extract data on 4,293 PLWH aged >18 years with diagnosis
of HIV and treated with any ART regimens between April 2008 and April 2019. A 2-ART
cohort was compared with a 3-drug antiretroviral therapy (3-ART) cohort in terms of popula-
tion characteristics, comorbid conditions, and treatment patterns. Treatment switching rates
were calculated for each cohort followed by sensitivity analysis to confirm the robustness of
the findings.

Results

There were 94 individuals identified in the 2-ART cohort. Compared to the standard 3-ART
cohort (n = 3,993), the 2-ART cohort was older (median age 53 [IQR 44-64] vs 42 years
[IQR 35-50]), with a lower proportion of males (87.2% vs 93.8%), higher Charlson Comor-
bidity Index (CCI) (median score 6 [IQR 5-8] vs 5 [IQR 4-6]), more co-medications (median
6 [IQR 4—11] vs 3 [IQR 2-7]), and a higher percentage of AIDS-defining conditions (66.0%
vs 42.8%). The most common 2-ART were protease inhibitor (Pl) + integrase strand transfer
inhibitor (INSTI) and non-nucleoside reverse transcriptase inhibitor (NNRTI) + INSTI (33.0%
and 31.9%, respectively). Overall, most of the regimens were nucleoside reverse transcrip-
tase inhibitor (NRTI)-sparing (71.3%), with a decreasing trend over time (76.2% to 70.2%).
ART regimen switch occurred more often in the 2-ART cohort than in the 3-ART cohort
(33.0% vs 21.2%).
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Conclusion

The profiles of individuals on 2-ART in Japan were demonstrated to be complex. Most were
treated with NRTI-sparing regimens which may reflect an effort to reduce treatment-related
toxicities.

Introduction

Antiretroviral therapy (ART) regimens have been credited with increasing the survival of peo-
ple living with HIV-1 (PLWH) [1]. Three-drug ART regimens (3-ART), which consist of a
backbone with two nucleoside reverse transcriptase inhibitors (NRTIs) plus an anchor drug
with or without a booster, have become the standard of care (SoC) and treatment for HIV-1

[2, 3]. While advances in ART have been credited with improving survival by decades [4, 5],
recent evidence of long-term adverse events (AEs) with 3-ART have been documented [6],
particularly in terms of renal and bone toxicity [7-10] associated with treatment with tenofovir
disoproxil fumarate (TDF). Although switches to tenofovir alafenamide (TAF) have been well-
documented to result in relative less toxicity [11, 12], the extent of toxicity associated with
TAF itself is inconclusive.

Further, rising concerns and studies of polypharmacy and potential drug-drug interactions
have been well documented in complex regimens [13-16]. Protease inhibitors (PI) and certain
integrase strand transfer inhibitors (INSTI) require additional administration with a booster
such as ritonavir or cobicistat to increase their plasma concentrations. Ritonavir and cobicistat
are strong non-specific inhibitors of cytochrome P450 (CYP) and other transporters involved
in drug metabolism and pharmacokinetics [17, 18]. There is concern that ARTs containing a
booster may cause further unknown drug interactions with other co-medications, resulting in
toxicity or failure to reach therapeutic concentrations [19, 20]. As ART dosage and compatibil-
ity remain complex, such toxicities and complexities have prompted development of drug-
sparing strategies with a simplified 2-drug ART regimen (2-ART) in attempt to reduce its neg-
ative impact.

In contrast, multi-center clinical trials of 2-ART (dolutegravir plus lamivudine and dolute-
gravir plus rilpivirine) have demonstrated to have non-inferior efficacy as well as safety com-
pared to 3-ART [21, 22]. Based on the positive impact, there is an increasing diversity of
therapies with a 2-drug combination of integrase strand transfer inhibitors (INSTI) plus prote-
ase inhibitors (PI) or non-nucleoside reverse transcriptase inhibitors (NNRTI). More ART
regimens are being developed and used in real-world settings to tailor to the long-term com-
plexities related to an individual’s genetic background, treatment history, and comorbidities
[23].

In Japan, ART treatment uptake and clinical success among diagnosed HIV individuals, in
terms of viral suppression, has been shown to be excellent and in line with UNAIDS/WHO
targets of 90% [3, 24, 25]. However, Japanese PLWH have been demonstrated to have unique
comorbidities and co-medication patterns [26]. There is limited evidence that switching to
2-ART may improve outcomes [27]. While the practice of regimen switching and reduction is
an increasing global trend, the profile and number of individuals receiving 2-ART in real-
world practice are not well understood in Japan. This study aimed to characterize individuals
who received 2-ART and provide an overview of ART treatment patterns until April 2019 in
Japan.
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Methods
Study design and data source

This study was a retrospective cohort analysis of ART treatment patterns and population char-
acteristics among adult individuals living with HIV on 2-ART compared to 3-ART in Japan.
Data were extracted from a hospital-based medical claim database maintained by Medical
Data Vision Co., Ltd. (MDV, Tokyo, Japan). The data is from all hospitals included in the
MDYV hospital panel, which covers 374 acute phase hospitals across regions (approximately
22% of acute phase hospitals in Japan) and approximately 25 million people. The MDV data-
base includes treatment information, including antiretrovirals used, co-medications, and
comorbidities, etc., but no laboratory results such as CD4 counts or plasma viral load.

Study population

PLWH were included in the analyses if they had a diagnosis of HIV (ICD-10: B20-B24), had
been treated with 2- or 3-ART, and were aged >18 years. The identification period for treat-
ment index dates was from the first date available in the database (April 2008) to the last avail-
able (April 2019). An individual was considered to be on a 2-ART if they were prescribed any
two antiretrovirals on the same day, and the first date of their 2-ART was the index date for
this cohort. Individuals who did not have any 2-ART during their medical record were eligible
for the 3-ART cohort if they were prescribed three antiretrovirals on the same day. The first
date of their 3-ART was considered to be the index date for this cohort. Boosting agents (rito-
navir or cobicistat) were not counted towards the 2-drug or 3-drug regimen definition and all
individuals could only be classified into one cohort. Individuals were excluded if they were
treated with a C-C chemokine receptor type 5 (CCR5) antagonist or two antiretrovirals in the
same class as their index 2-ART because they are not SoC. Additionally, individuals treated
with any regimens outside of 1) INSTI+2NRTT, 2) PI+2NRTI, or 3) NNRTI+2NRTI during
their index 3-ART were excluded as they are also not SoC.

Demographic and clinical characteristics for the 2-ART cohort were stratified by three time
periods to assess possible temporal changes due to novel drug access in Japan: April 1, 2008 to
September 30, 2014 (representative of 1% generation INSTT availability, mainly raltegravir),
October 1, 2014 to June 30, 2016 (representative of ond generation INSTI availability, including
dolutegravir), and July 1, 2016 to April 30, 2019 (last available data period, representative of
TAF availability as a novel prodrug of tenofovir to reduce toxicities). All drug classes and com-
binations were also tabulated for all individuals. To describe treatment characteristics, average
gap (in days) between 2-ART and the total average duration of treatment were calculated from
regimen initiation to last ART prescription in the database. Time to index regimen for the
2-ART cohort was calculated as the time from individuals’ first ART (prior to 2-drug initia-
tion) to their index date.

Outcomes

Population profiles. The analyses compared population characteristics on 2-ART with
those with 3-ART. Population profiles consisted of demographics (age at index, gender, year of
index date), co-medications, and comorbidities (hemophilia, AIDS-defining conditions, modi-
fied Charlson Comorbidity Index (CCI)). Modified CCI is severity indicator which is able to
predict one-year mortality among hospitalized patients by weighting 17 different comorbid
conditions (e.g. myocardial infarction, congestive heart failure), and has been validated using
Japanese data [28]. Upon its validation, the CCI has been widely used as a comorbidity and
severity indicator regardless of hospitalization status. All diseases and comorbidities were
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identified using ICD-10 codes or Japanese disease codes as available in the data. Additionally,
all 2- and 3-drug combinations observed for each cohort were tabulated. These combinations
were described by drug class: INSTL, PI, NNRTI, and NRTI. Regimens that did not contain
any NRTIs were considered to be NRTI-sparing regimens in alignment with the definition of
U.S. Department of Health and Human Services [29].

ART regimen switch. Two- and 3-ART switch patterns were also assessed from their
index date. Individuals were considered to have switched their drug regimen if they had any
change to their index regimen, such as an addition, removal, or exchange of a drug. Treatment
switch rules were the same for both cohorts. However, it is noted that for individuals on
3-ART, they cannot switch to a 2-ART at any point by definition, since any evidence of 2-ART
in an individual’s record would classify that person in the 2-ART cohort to begin with. In
order to capture true switches, regimen changes were only counted as switches if they lasted
for more than 90 days. Individuals on both 2- and 3-ART were considered to have switched
even if they remained on the same number of drugs, as long as a change in any component of
their regimen was present. Specific transitions were not considered switches: the same regimen
with only tenofovir disoproxil fumarate (TDF) switched to TAF, the same regimen with
changes in dosing, or the same regimen with an added/switched booster. Switch rate was
defined as number of individuals who switched divided by total person years. Total person-
years for treatment switches was time from index treatment initiation to the first treatment
switch, whereas person-years for individuals who did not switch was defined as time from the
first treatment initiation to the last ART prescription during the study period. The switch rate
and time-to-next-switch were calculated from the index date to the individual’s next treatment
switch, the last ART claim in the database, or end of the study period, whichever occurs first.
The switch rate observed in among both cohorts were compared.

Finally, a sensitivity analysis of switching was performed to make comparisons among indi-
viduals with at least one switch and with similar follow-up time after the switch. As described in
S1 Fig, only individuals on 2-ART with at least one antiretroviral drug prior to their index date
and individuals on 3-ART with at least 1 switch after their index date were included to ensure
that the starting point of switch analysis would be after at least one switch and only assessed for
treatment experienced individuals. In addition, only individuals with at least one year of follow-
up data were included to ensure that potential switches could be captured in the data. In the
switch sensitivity analyses, the switch index date was set to patient’s first switch for the 3-ART
cohort and the switch rate was calculated from the time of the first switch to their next switch.

Statistical analysis

All statistical analysis was completed on SAS version 9.4 (SAS Institute Inc., Cary, USA). All
descriptive data were presented as frequencies for categorical variables and mean (standard
deviation [SD]) or median [Q1, Q3] for continuous variables. Comparisons were made using
the chi-square and t-tests, respectively. Time-to-first switch is presented using Kaplan-Meier
curves and 95% confidence limits of the switch rate were calculated assuming a Poisson distri-
bution. Multivariable analyses were conducted to explore the differences in comedications,
AIDS-defining conditions, and CCI score using age, gender, and index year cluster as covari-
ates. Logistic regression was utilized in a model for any comedications and AIDS-defining con-
ditions, and linear regression was utilized for the CCI score.

Ethics approval and consent to participate

The study protocol was reviewed and approved by the Rinsyou Kenkyuu Suishin Network
Japan Ethics Committee (Approval Number: 518-NIS-8422). The Japanese Ethical Guidelines
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for Medical and Health Research Involving Human Subjects (http://www.mhlw.go.jp/file/
06-Seisakujouhou-10600000-Daijinkanboukouseikagakuka/0000153339.pdf) do not apply to
studies exclusively using de-identified data, so we were not obligated to obtain informed con-
sent in this study.

Results
Study sample

For the study period between April 1, 2008, and April 30, 2019, a total of 8,813 individuals
with a diagnosis of HIV were identified. Among them, 4,513 cases were excluded because of
lack of an ART record. From the remaining 4,300 cases, all eligible cases were selected accord-
ing to inclusion/exclusion criteria and a final 4,087 individuals were analyzed in this study.
The flow of the process was illustrated in Fig 1. Among the included individuals, 94 (2.3%)
received a 2-ART on their index date and were classified as the 2-ART cohort. There were
3,993 (97.7%) individuals who received a 3-ART and were classified as the 3-ART cohort. The
median duration of follow-up was 712 days and 701 days in the 2-ART cohort and the 3-ART
cohort, respectively.

Baseline and clinical overview

Of the 94 individuals in the 2-ART cohort, the median age (IQR) was 53 years (44, 64 years)
and 87.2% were male. In contrast, the 3-ART cohort was significantly younger with the median
age (IQR) of 42 years (35, 50 years) and included significantly more males (93.8%). The pro-
portion of individuals having hemophilia was greater in the 2-ART cohort than in the 3-ART
cohort (12.8% vs. 2.1%; p<0.001) (Table 1).

Co-medications

Of individuals in the 2-ART cohort, 92.6% had been prescribed at least one class of co-medication
with the median (IQR) of 6 different co-medication classes (4, 11 classes) (based on ATC level 4
code) during the follow-up period. The top five most common co-medication classes were proton
pump inhibitors, angiotensin II antagonists, calcium antagonists, anti-gout preparations, and
non-barbiturates and statins [S1 Table]. In contrast, 75.0% of individuals in the 3-ART cohort
have been prescribed a co-medication, with a lower median (IQR) number of different co-medi-
cation classes of 3 (2, 7 classes) (p<0.01) [Table 1, S2 Fig]. The most commonly prescribed co-
medications in the 3-ART cohort included systemic antihistamines, non-barbiturates, proton
pump inhibitors, non-steroidal anti-rheumatics, and other anti-ulcerants. After accounting for
potential differences in age, gender, and year of initiation, the 2-ART cohort remained more likely
to have at least 1 comedication compared to the 3-ART cohort [S2 Table].

AIDS-defining conditions

AIDS-defining conditions varied between the 2- and 3-ART cohorts; 66.0% of individuals on
2-ART had an AIDS-defining condition compared with 42.8% of those on 3-ART [S3 Table].
AIDS-defining conditions other than an AIDS diagnosis were present in 42.6% and 31.6% of
individuals in the 2- and 3-ART cohorts, respectively. A diagnostic code for AIDS itself was
found in 52.1% and 24.8% of the 2- and 3-ART cohorts, respectively. The top 5 most common
AIDS-defining conditions other than AIDS itself was the same for both cohorts: pneumocystis
(20.2% and 22.1%), cytomegalovirus disease (17.0% and 10.5%), tuberculosis (6.4% and 6.4%),
non-Hodgkin lymphoma (4.3% and 3.2%), and encephalopathy (4.3% and 2.5%). After
accounting for potential differences in age, gender, and year of initiation, the 2-ART cohort
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N=8,813

Entire MDV 2008-2019 HIV dataset

Exclusion criteria:

Patients* with no record of ART or with
ritonavir/cobicistat alone
N=4,513

N= 4,300

Patients treated with any HIV ART regimen

Exclusion criteria:

Patients younger than 18 years on index
date
N=7

N=4,293

Patients aged >18 years old at index date

Exclusion criteria:
Patients with 1-drug or 4+ drug regimen
N=49

N=4,244

Patients treated with 2-drug or 3-drug regimen

Exclusion criteria:

- 2-drug patients with any CCR-5 or 2NRTI
- 3-drug patients who did not have
INSTI+2NRTI, PI+2NRTI, or NNRTI+2NRT]
N=157

N=4,087

Study population

2-drug regimen: N=94
3-drug regimen: N=3,993

Fig 1. Flow chart of cohort attrition. *Individuals in this study were selected from a hospitals-based database, thus are referred to as

“patients” in this context.

https://doi.org/10.1371/journal.pone.0269779.9001

remained significantly more likely to have at least 1 AIDS-defining compared to the 3-ART

cohort [S3 Table]. Similar to comedications, older age and earlier year cluster of initiation
were also observed to be significantly associated with having an AIDS-defining condition.

Comorbidities

Nearly all Charlson comorbid conditions were more prevalent in the 2-ART cohort than in the
3-ART cohort (median score 6 vs. 5), with the largest differences found for mild liver disease
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Table 1. Baseline characteristics.

2-Drug 3-Drug P-value
Demographics (at Index)
Age 94 3993 <0.01
Median (Q1, Q3) 53 (44, 64) 42 (35, 50)
Min, max 27,82 18,90
Gender (n, %)
Male 82 87.2% 3745 93.8% 0.01
Female 12 12.8% 248 6.2%
Hemophilia (n, %)
Yes 12 12.8% 84 2.1% <0.01
Year of index date (n, %)
Cluster 1 (April 1, 2008- September 30, 2014) 21 22.3% 1057 26.5% <0.01
Cluster 2 (October 1, 2014- June 30, 2016) 26 27.7% 420 10.5%
Cluster 3 (July 1, 2016—April 1, 2019) 47 50.0% 2516 63.0%
Clinical background Summary
Co-medications
N with at least other 1 medication class 87 92.6% 2996 75.0% <0.01
Median (QI, Q3) 6(4,11) 3(2,7) <0.01
Number of AIDS-defining conditions
N with at least 1 condition 62 66.0% 1708 42.8% <0.01
Median (Q1, Q3) 2(1,2) 1(1,2) 0.69
0 32 34.0% 2285 57.2%
1 30 31.9% 919 22.0%
2 21 22.3% 443 11.1%
3+ 11 11.7% 346 8.7%
Charlson Comorbidity Index 94 3993
Median (Q1, Q3) 6(5,8) 5 (4,6) <0.001
Charlson comorbid conditions
Congestive Heart failure 25 26.6% 202 5.1% <0.01
Dementia 0 0.0% 17 0.4% N/A
Chronic pulmonary disease 28 29.8% 940 23.5% 0.16
Rheumatologic disease 4 4.3% 49 1.2% 0.03
Mild liver disease 41 43.6% 1330 33.3% 0.04
Diabetes with chronic complications 18 19.2% 163 4.1% <0.01
Hemiplegia or paraplegia 2 2.1% 30 0.8% 0.17
Renal disease 32 34.0% 192 4.8% <0.01
Any malignancy, including lymphoma and leukemia 16 17.0% 294 7.4% <0.01
Moderate or severe liver disease 5 5.3% 23 0.6% <0.01
Metastatic solid tumor 2 2.1% 37 0.9% 0.23
HIV 94 100.0% 3990 99.9%* N/A
Other relevant systemic diseases
Hemodialysis (artificial kidney, chronic maintenance dialysis) 6 6.4% 6 0.2% <0.01
Cardiovascular diseases 12 12.8% 178 4.5% <0.01
Hypertension 50 53.2% 765 19.2% <0.01
Lipid disorders 40 42.6% 711 17.8% <0.01
Bone Disorders 17 18.1% 251 6.3% <0.01
Peripheral Neuropathy 0 0.0% 0 0.0% N/A
Any Diabetes 48 51.1% 871 21.8% <0.001
(Continued)

PLOS ONE | https://doi.org/10.1371/journal.pone.0269779  June 14, 2022

7/15


https://doi.org/10.1371/journal.pone.0269779

PLOS ONE

Real-world characteristics of 2-drug regimen users living with HIV-1 in Japan

Table 1. (Continued)

2-Drug 3-Drug P-value
Psychiatric disorders 39 41.5% 1446 36.2% 0.29
Hepatitis B/C Co-Infection 24 25.5% 878 22.0% 0.41

*Although all individuals included in the analysis had an HIV diagnosis code, not all 3-drug individuals had a diagnosis for HIV using the Charlson Comorbidity HIV

codes, which do not include B23 (HIV disease resulting in other conditions), yet was used for the study population definition.

https://doi.org/10.1371/journal.pone.0269779.t001

(43.6% vs. 33.3%), congestive heart failure (26.6% vs. 5.1%), renal disease (34.0% vs. 4.8%), dia-
betes with chronic complications (19.2% vs. 4.1%), and malignancies (17.0% vs. 7.4%)

(Table 1). In addition, the 2-ART cohort also showed a significantly higher prevalence of all
other relevant systemic diseases, except for psychiatric disorders and hepatitis B/C co-infec-
tion. In multivariable analysis, the difference in CCI score remained significantly higher for
the 2-ART cohort, older age, males, and 1*" index year cluster (compared to last year cluster).

Treatment patterns

Among individuals on a 2-ART, NRTI-sparing regimens comprised the majority of all 2-ART's
(71.3%) (Fig 2A). Overall, the most common class combinations for this cohort were PI
+INSTI (33.0%) and NNRTI+INSTI (31.9%). Among those treated with a 3-ART, the most
common drug class combinations were INSTI+2NRTI (66.6%), followed by PI+2NRTI
(20.5%) and NNRTI+2NRTI (12.9%). The top common antiretroviral drug combinations for
both cohorts are presented in [S4 Table].

The 2-ART cohort comprised of 1.9% of all individuals from April 1, 2008 to September 30,
2014 (representative of 1* generation INSTI), 5.8% between October 1, 2014 and June 30,
2016 (representative of 2™ generation INSTI), and 1.8% between July 1, 2016 and April 30,
2019 (representative of TAF). Among those in the 2-ART cohort, NRTI-sparing regimens
were frequently found in all time periods examined (Fig 2B). Within the 2-ART cohort, the
first time period (April 1, 2008 to September 30, 2014) had the highest proportion of NRTI-
sparing regimens (76.2%), with the proportion decreasing slightly to 69.2% in the second time
period (October 1, 2014 to June 30, 2016), then leveling out at 70.2% in the last time period
(July 1, 2016 to April 30, 2019). Over time, there was a shift in drug class among NRTI-sparing
regimens among the 2-ART cohort. Specifically, PI+INSTI (61.9%) regimens were dominant
in the first time period (April 1, 2008 to September 30, 2014), but NNRTI+ INSTI regimens
were most common from October 1, 2014 to April 30, 2019.

" 100%
a. ool T - ]
NRTI-sparing 80%
regimen _— 23% 20,
60%
5.32% 71.28% 6.38% 50%
11.70% 40%
30%
20%
10% -
2-drug cohort 0%
2008Q2 - 2014 Q3 2014Q4 - 2016 Q2 2016 Q3 - 2019 Q2
PI+NRTI NNRTI+NRT B INSTI+NRTI I P+INSTI PI+NNRTI — NNRTI+INSTI
S iR Spm—— TR PI+NRTI NNRTI+NRTI A NSTI+NRTI

@@= NRTI-sparing regimen

Fig 2. Analysis of 2-ART drug regimens. (a.) Treatment patterns by drug combination regimen at index date. (b.)
Drug combinations over three periods for the 2-drug cohort.

https://doi.org/10.1371/journal.pone.0269779.9002
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Table 2. Treatment switching patterns.

Switch analyses

ART regimen switch occurred more often in the 2-ART cohort (33.0%; 31/94) than in the
3-ART cohort (21.2%; 845/3993). The switch rate was 20.88 switches/100 person-years (95%
CI: 14.68-29.68) in the 2-ART cohort, and 10.34 switches/100 person-years (95% CI: 9.66-
11.06) in the 3-ART cohort; however, no statistical comparisons were made (Table 2). In the
time-to-switch analysis, around 25% of individuals in the 2-ART cohort had their first switch
within one year, while only 10% of individuals in the 3-ART cohort had their first switch
within one year. As presented in the Kaplan-Meier curve, the higher switch rate in the 2-ART
cohort was most evident prior to year 5 of follow-up. However, due to the small cohort sample,
long-term switch rates were more difficult to evaluate [S3 Fig].

Of all switches in the 2-ART cohort, 77.4% (24/31) was from 2-ART to 3-ART (Table 2).
All switch patterns for the 2-ART cohort are presented in [S4 Fig]. The most common switch-
ing patterns were from PI+NRTI to PI+2NRTI and PI+INSTT to INSTI+2NRTI. Only 9.7%
(3/31) of all switches in the 2-ART cohort were from a 2-ART to another 2-ART. In the 3-ART
cohort, because individuals could not switch to a 2-ART by definition, 98.5% (832/845) of all
switches were to another 3-ART (rather than to a 1- or 4-drug regimen). The most prevalent
switch pattern was from PI+2NRTI to INSTI+2NRTIL. About 1% of 3-ART cohort who
switched changed to a 4-drug regimen, such as adding a PI to INSTI+2NRTI regimen.

N Switch rate (/100 person years) Lower CI Upper CI
Any Switch 876 10.5 9.9 11.2
2-Drug regimen cohort 31 20.9 14.7 29.7
2-Drug to 2-drug switches 3
2-Drug to 3-drug switches 24
2-Drug to 4-drug switches 4
3-Drug regimen cohort 845 10.3 9.7 11.1
3-Drug to 3-drug switches 832
3-Drug to 4-drug switches 9
3-Drug to 1-drug switches 4
Switch sensitivity analyses*
Any Switch 130 6.4 5.4 7.6
2-Drug regimen cohort 19 29.2 18.7 45.8
2-Drug to 2-drug switches 2
2-Drug to 3-drug switches 13
2-Drug to 4-drug switches 4
3-Drug regimen cohort™* 111 5.7 4.7 6.8
3-Drug to 3-drug switches 107
3-Drug to 4-drug switches 2
3-Drug to 1-drug switches 2
Total person-years (PY) for any switch PY
2-Drug 94 149
3-Drug 3,393 8,176
Follow-up time, days Median Q1 Q3
2-Drug 94 712 351 1,264
3-Drug 3,393 701 552 1,361

*Subset of individuals with at least 1 year follow-up and 1 prior switch

**Only individuals who additionally switched to another 3-drug regimen were included.

https://doi.org/10.1371/journal.pone.0269779.t002
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Sensitivity analysis demonstrated that in the subset of individuals with at least 1 year fol-
low-up and 1 prior switch at the starting point of assessment, the switch rate (per 100 person-
years (PY)) was higher among the 2-ART cohort (29.24/PY; 95% CI: 18.65-45.84/PY) com-
pared to the 3-ART cohort (5.67/PY; 95% CI: 4.71-6.83/PY).

Discussion

Although real-world studies of 2-drug regimens exist [30-33], this is the first study in Japan to
assess characteristics of PLWH on 2-drug regimens compared with those on the standard
3-ART regimens in a real-world setting to our knowledge. Despite the small number of indi-
viduals in the 2-ART cohort, and that they were more experienced at the index date, individu-
als on a 2-ART were significantly older, received a larger number of co-medications, and had a
higher CCI score as well as higher proportion of individuals with AIDS-defining conditions,
compared with individuals on a 3-ART.

These characteristics suggest that disease status was more severe and complicated in indi-
viduals on a 2-ART. In addition, hypertension, diabetes, lipid disorders, renal disease and
congestive heart failure were significantly higher in the 2-ART cohort compared with 3-ART
cohort. Similar comorbidities were highlighted in a review of multi-comorbidities in PLWH
[34]. It was also proposed in the review that clinical reassessment be scheduled for at-risk indi-
viduals, defined as those who are older than 50 years, have 2 or more comorbidities or receiv-
ing polypharmacy (generally considered as 6 or more medications). Another study also
indicated that multi-comorbidities were higher in the 2-ART cohort compared with 3-ART
cohort [30]. They also found that individuals initiating 2-ART were older and had shorter
time-to-discontinuation [30]. These differences, especially older age and more comorbidities,
are also well established in recent real world comparisons [31-33]. The significantly higher
proportion of renal disease, hemodialysis and bone disorders in the 2-ART cohort compared
with 3-ART cohort might be a reason for the choice of NRTI-sparing regimen. Some studies
have demonstrated that greater decrease in renal function and bone mineral density (BMD)
were observed in subjects treated with TDF-containing regimens than were observed in sub-
jects treated with TDF-sparing regimens. TDF was well known to cause proximal tubular and
renal toxicities, especially in individuals with low body weight not only in Japanese but also in
Vietnamese populations [35-37], and were irreversible after a certain period of TDF use [38].
NRTI-sparing regimen comprised the majority of all 2-ARTs in our study, which might sug-
gest that TDF-sparing strategies were adopted to avoid these toxicities. Thus, resorting to non-
standard regimens based on individuals’ more complex and sicker profiles reflect the strategy
that we refer to as “negative selection”. In contrast, individuals who are not as sick as the popu-
lation identified in our study may be also placed on 2-ART regimens an option, especially for
naive individuals or treatment-experienced individuals with few complications as these could
be switches for convenience. We refer to 2-ART regimen selection of this nature as “positive
selection”.

When stratifying by time periods that reflected the commercial availability of specific anti-
retrovirals in Japan, there was a shift in drug class among the NRTI-sparing regimens from PI
+ INSTI regimens to NNRTT + INSTT regimens between 2008 to 2019. With increase in variety
of ART treatment options, 2-ART combinations seemed to be personalized to individuals and
have become diverse. Accordingly, the shift to NNRTI + INSTI as represented by “dolutegravir
+ rilpivirine” has increased as a new NRTI-sparing regimen. The most common switching pat-
tern of NRTI-sparing regimen with PI + INSTT to standard 3-ART with INSTI + 2NRTI might
have occurred because a randomized study (NEAT001/ANRS143) suggested that “raltegravir
+ darunavir/ritonavir” group have more failures in individuals with low baseline CD4 cell
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count [39]. Since this is a retrospective study and contains only data up to April 2019, as the
landscape of 2-drug therapy is shifting in Japan, the treatment patterns and utilization profiles
of 2-ART also need to be revisited as more data become available, especially with the approval
of dolutegravir sodium/rilpivirine hydrochloride in late 2018 and the approval of dolutegravir
sodium/lamivudine in 2020.

In the current study, individuals in the 2-ART had a switch rate approximately two times
higher than the 3-ART cohort, indicating some potential challenges in managing individuals
on 2-ART. Our study has clearly characterized individuals on 2-ART might be difficult to treat
regardless of 2 or 3-ART. Several studies on 2-ART have demonstrated heterogeneous efficacy
results [40-42], some demonstrating inferiority compared to SoC. However, recently several
2-ARTs have demonstrated non-inferiority and have been approved in several countries. Since
these studies were usually randomized controlled trials with a very controlled patient popula-
tion, data from real-world settings will need to demonstrate the robustness of these regimens.
Although the MDYV database is not completely representative of the general Japanese HIV pop-
ulation due to its use of acute hospital data, this study objective was to compare 2-ART and
3-ART regimens, where both groups were identified in the same database. We assume that a
similar relationship between the two comparison groups would hold in the general population
as well.

There are several limitations inherent in database studies. The MDV database is not repre-
sentative of all PLWH in general as described. Doctors’ choices of ART regimens or switching
strategies may also differ not only among hospitals in the database but also between these hos-
pitals and HIV-specialized facilities. It is also not possible to track individuals as they move
between hospitals. Individuals may only receive an HIV diagnosis in an MDV hospital during
a medical encounter, but received treatment elsewhere, as observed in cohort attrition from
the large drop between HIV diagnoses captured in the database and individuals receiving
ART. Similarly, individuals may be considered treatment-naive based on their first observed
therapy in MDYV data, but may have received treatment elsewhere. To address this shortfall,
sensitivity analysis was performed that required individuals to meet criteria for inclusion as
“continuously” receiving care and assessed individuals from their first captured switch in the
database. There may still be differential follow-up time between 2-ART and 3-ART cohort
beyond one year, a potential remaining source of bias when evaluating switch rates. Limita-
tions also exist with the switch analysis for the 3-ART cohort as, due to limited sample size,
any individual on a 2-antiretroviral was classified into the 2-ART cohort. Therefore, a 3-ART
switch could not drop to a 2-ART. The causes for switching could not be captured in this retro-
spective database study, which limits the interpretability and extent of clinical implications of
our findings. In addition, with the 2-ART cohort, the index date is the date of initiation of
2-ART, which could be quite far along in their treatment course. Similarly, confounding by
indication in assignment to 2-ART and 3-ART regimens cannot be excluded, as concerns
regarding drug-drug interactions or the severe disease status of 2-ART are more likely drivers
for their regimen assignment. Finally, lab results, such as viral load and CD4+ counts, were
not recorded in the database, only the number of the test was recorded. Therefore, the clinical
effects of 2- versus 3-ART could not be assessed.

This study was the first step in understanding population profiles and medical needs
of those who benefit from 2-ART in Japan. It provides a foundation for future studies to fur-
ther analyze and explore reasons for switching, as well as identifying those may most benefit
from NRTI-sparing regimen. As it is expected that more individuals will receive 2-ART by
positive selection in the future, research characterizing the benefits of these regimens is
imperative.
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Conclusion

In conclusion, PLWH in Japan on 2-ART demonstrated to have complex profiles, were older,
and had more comorbidities and co-medications compared to individuals on 3-ART. This
highlighted the negative selection of 2-ART regimens and the need for careful management by
physicians to reduce treatment-related toxicities until April 2019.
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