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ABSTRACT
Background: Dual regimen with dolutegravir plus cobicistat-boosted darunavir (DTG/DRV/c) 
is reasonable alternative option for patients with existing resistance and/or intolerance to 
nucleoside reverse transcriptase inhibitors (NRTIs).
Material and Methods: All patients who switched to DTG/DRV/c among treatment-
experienced patients with human immunodeficiency virus (HIV) in a tertiary university 
hospital were selected. We analyzed the effectiveness, safety, and tolerability based on serial 
laboratory data and clinical findings. The primary endpoint was defined as the proportion 
of patients with plasma HIV RNA below 50 copies/mL at week 48 after switch. Secondary 
endpoints included evaluation of safety and tolerability.
Results: Thirty-one patients were retrospectively analyzed. The main reasons for the change 
to DTG/DRV/c were treatment failure in 13 patients (41.9%), simplification in 12 patients 
(38.7%), and adverse drug reaction in 6 patients (19.4%). Among the 13 patients who 
switched owing to treatment failure, the proportion of patients in whom the viral loads were 
suppressed to less than 50 copies/mL increased from 0% at baseline to 45% at 4 weeks, 50% 
at 12 weeks, 50% at 24 weeks, and 66.7% at 48 weeks. HIV virus levels decreased and CD4+ 
T cell counts increased during the follow-up period. In non-treatment failure patients (18 
patients), the levels of viral suppression and CD4+ T cells were maintained. There were no 
significant differences in renal function, liver function, glucose levels, and lipid profile before 
and after regimen changes. The tolerability was very good: 30 patients (96.8%) tolerated the 
drugs well and only 1 patient discontinued owing to no improvement in renal insufficiency. 
Two patients (6.4%) in treatment failure group failed to reach viral suppression.
Conclusion: The use of DTG/DRV/c in HIV treatment-experienced patients appears to be a 
very good regimen for switch therapy that is effective and well tolerated, without significant 
adverse drug reaction.
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INTRODUCTION

‘Induction and maintenance therapy’ involves taking full, highly active antiretroviral therapy 
(HAART) during the early induction period and “simplifying” the drug in the maintenance 
period for at least 6 months after the virus is suppressed. In order to overcome high pill 
burden, drug toxicity, and drug-drug interaction, the simplification of a combination of 
drugs to mono or dual regimens during maintenance period has been attempted since late 
2000 [1, 2]. Several studies have been conducted on monotherapy with dolutegravir (DTG), 
darunavir (DRV), or atazanavir (ATV); however, a sufficiently effective and stable treatment 
has not yet been established [3-6]. A review article for ritonavir-boosted protease inhibitor 
(PI/r) monotherapy showed that these monotherapies were inferior to HAART [3]. A 
retrospective study revealed that DRV/r monotherapy was effective in virologically suppressed 
Human immunodeficiency virus (HIV)-infected patients for 12 months. However, this study 
included just a small number of 31 patients [4]. The 96-week analysis result of MODAT 
study (efficacy of ATV/r monotherapy as maintenance in patients with viral suppression) 
showed inferior efficacy of ATV/r monotherapy compared with ATV/r based triple therapy. 
The 48-week of MODAT study showed inferior to triple therapy therefore the Data and Safety 
Monitoring Board (DSMB) recommended stopping study [5]. A phase 2 randomized non-
inferiority trial (DOMONO study) with 24 weeks follow-up showed that virological failure of 
patients switched to DTG monotherapy and led to DTG resistance [6].

Dual regimen combinations have been considered as maintenance therapy for simplification 
[7-18]. Dual therapy with a favorable outcome has been reported in treatment-experienced 
patients without previous virological failure; LAMIDOL study (a trial evaluating maintenance 
therapy with lamivudine and DTG in HIV-1 infected patients virologically suppressed 
with triple HAART), SWORD study (regimen switch to DTG plus rilpivirine from current 
antiretroviral regimen in HIV-1 infected and virologically suppressed adults) and DUALIS 
study (dual therapy with boosted DRV plus DTG) [7-10].

The selection of drug with high resistance barriers is necessary to achieve successful 
treatment in treatment failure or experienced patient because of the high drug resistance 
was seen. In several studies, the rate of drug resistance in treatment failure or experienced 
patients has varied from 42% to 61%; number of patients with drug resistance/number of 
patients with treatment failure; 33/65 [19], 27/63 [20], and 219/359 [21].

Therefore, regimens based on DTG with high resistance barriers are attractive for use in 
treatment failure or experienced patients [22]. Nucleoside reverse transcriptase inhibitors 
(NRTIs) have been shown to cause many adverse drug reactions when taken over a long 
period of time. Therefore, NRTI-free combinations are preferred for the maintenance 
regimen. The DTG/DRV was considered as a combination of DTG plus PIs with high 
resistance barrier and few adverse drug reactions.

In this study, we analyzed treatment-experienced patients who were switched to DTG/DRV/c 
owing to reasons such as effectiveness, safety, or tolerability based on serial laboratory data 
and clinical findings before and after the regimen change.
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MATERIALS AND METHODS

1. Patient characteristics
All patients switched to a combination of DTG/DRV/c (DTG 50 mg plus DRV 800 mg and 
cobicistat 150 mg co-formulate once daily or twice daily) from among the HIV-1 treatment-
experienced patients with more than two drug changes treated at the Kyungpook National 
University Hospital, a tertiary hospital in Daegu, Korea. Patients were included between 
2016 and December 2017, and the data were analyzed retrospectively. Patients for whom the 
regimen was switched at a previous hospital, and those who were not present at the time 
of the study were excluded. The included patients were divided into two groups based on 
the reason for the switch of regimen: a treatment failure group (failure group) and a non-
failure group. In general, HIV treatment failure is defined when the number of plasma HIV 
ribonucleic acid (RNA) load is above 200 copies/mL after 6 months of ART. However, in this 
study, patients with treatment failure were defined as those who had a clinical need to change 
their regimen because the HIV RNA virus was not sufficiently suppressed to below 50 copies/
mL. Patients with treatment experience of more than 2 years were included.

The non-failure group included patients who changed their regimen because of adverse 
drug reaction or for simplification. Patients with adverse drug reaction were defined as 
those who experienced adverse effects during the previous regimen and then changed to the 
study drug, as recorded on the electronic charts. Patients switching for simplification were 
defined as those without evidence of treatment failure and no adverse drug reaction during a 
previous regimen.

2. Methods
The baseline characteristics of the patients included the duration of HIV-1 infection, age, sex, 
and other infectious diseases and underlying diseases, such as diabetes and cardiovascular 
disease. Other infectious diseases included hepatitis B virus (HBV), hepatitis C virus (HCV), 
and tuberculosis (TB) infection. The HIV RNA and CD4+ T cell counts of these two groups 
were analyzed to determine effectiveness of the DTG/DRV/c combination before and after 
the regimen change. HIV RNA copies/mL levels were converted to log10 copies/mL for 
comparison. The viral state of RNA copies was defined as undetectable for <50 copies/mL.

In the failure group, the changes in HIV RNA viral load and CD4+ T cell count were compared. 
In the non-failure group, we observed whether the viral suppression of HIV RNA below 50 
copies/mL and stable CD4+ T cell counts were maintained while on the studied regimen. To 
evaluate the effectiveness of this combination, primary endpoints were defined as patients 
with HIV viral load below 50 copies/mL at 48 weeks after switch.

We analyzed patient complaints, adverse effects recorded by the physician on the chart 
during follow-up periods, and laboratory changes to evaluate the safety and tolerability, as 
secondary endpoints. Physicians routinely asked about adverse effects that include skin rash, 
gastrointestinal symptoms such as diarrhea and abdominal pain, and psychologic symptoms 
such as insomnia, and mood changes [23]. In addition, the medical staff questioned whether 
there were uncomfortable subjective symptoms with an open question. Laboratory findings 
included renal function (estimated glomerular filtration rate; eGFR), liver function (aspartate 
transaminase [AST] and alanine transaminase [ALT] levels), and metabolic state (glucose, 
low-density lipoprotein [LDL], high-density lipoprotein [HDL], and triglyceride [TG] levels). 
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Finally, we identified whether the patients continued or discontinued medication during the 
study period and confirmed the reason for discontinuation. The period of observation for 
efficacy and safety was the same.

3. Statistical analysis
The statistical analysis was performed by using a paired t-test for comparison of the 
parameters before and after drug change; analyses were computed by using R statistics ver. 
3.1. The Kaplan-Meier estimator was used to estimate the drug tolerability from data, with 
0.2 P-value threshold entering multiple regression.

4. Ethics statement
This study protocol was undertaken in accordance with the principles outlined in the 
Declaration of Helsinki and approved by the Institutional Review Board of Kyungpook 
National University Medical Center (IRB file No. 2018-02-027).

RESULTS

Initially, 33 patients were initially included; two patients were subsequently excluded. One 
patient had a regimen change at another hospital and one patient was not followed-up 
during the study period. Overall, 31 patients were analyzed, comprising 28 men (90.3%) and 
3 women (9.7%) with a mean age of 47.9 ± 8.9 years. Three patients (9.7%) had hepatitis B, 
2 patients (6.5%) had hepatitis C, and 11 patients (35.5%) had tuberculosis. Four patients 
(12.9%) had diabetes mellitus as an underlying disease; however, no patients were diagnosed 
with cardiovascular disease, autoimmune disease, malignancy, or renal disease. The mean 
duration of HIV infection was 13.7 ± 6.3 years, and the mean number of drug changes was 
4.9 ± 2.0. The duration of follow-up was 44.8 ± 13.5 weeks after treatment with DTG/DRV/c. 
The main reasons for the change to the study regimen were treatment failure, 13 patients 
(41.9%); simplification, 12 patients (38.7%); and adverse drug reaction, 6 patients (19.4%). 
The main characteristics and outcomes of the patients are summarized in Tables 1 and 2. 
Three patients took these medicines twice daily, and the remaining 28 patients (90%) took 
these once daily. One in three patients took once daily, and at week 24 the virus decreased 
from 34,162 copies/mL to 52 copies/mL before the start of the dose. However, at 48 weeks, 
the virus level was increased to 128 copies/mL and the dose was increased to twice daily. The 
virus was not detected after increasing the dose. One patient had Guillain–Barré syndrome 
due to cytomegalovirus and the other patient had severe peritonitis due to non-tuberculous 
mycobacteria. Therefore, they started taking twice daily dose from the first change.

Of the 13 patients in the treatment failure group, the rate of patients in whom the suppression 
was less than 50 copies/mL increased from 0% (0 /13 patients) at the start of treatment to 
45% (5 patients/11 patients) at 4 weeks, 50% (5/10 patients) at 12 weeks, 50% (3/6 patients) 
at 24 weeks, and 66.7% (2/3 patients) at 48 weeks (Fig. 1). In this group, genotypic resistance 
tests to HIV drugs was determined in 11 patients before the regimen change. Three patients 
did not achieve the results because the virus was not amplified, and four patients were found 
not to have drug resistance. Based on the tests, four patients were found to have 3TC, RPV, 
emtricitabine, didanosine, abacavir, etravirine, efavirenz, and nevirapine resistance. Of these 
four patients with resistance, three were resistant to the drug before the change and one 
patient did not have resistance to the drug combination before use.
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The HIV virus load was reduced from 4.5 (4.3–4.8) at 0 week to 1.8 (1.5–2.5) at 4 weeks, 1.7 
(1.5–2.2) at 12 weeks, 1.7 (1.5–2.4) at 24 weeks and 1.9 (1.6–2.1) log10 copies/mL at 48 weeks in 
the treatment failure group. The CD4+ T cell counts increased (Table 1 and Fig. 2).

In the 18 patients in the non-failure group who changed medication for simplification or 
owing to adverse drug reaction, viral suppression was maintained at less than 50 copies for 
all periods. The average number of CD4+ T cells was 408 cells/mm3 and well maintained at 
over 200 cells/mm3 (Table 1 and Fig. 2).
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Table 1. The baseline characteristics and outcomes of the patients
Variables Failure group (n = 13) Non-failure group (n = 18) Total (n = 31)
Male sex (%) 12 (92.3%) 16 (88.9%) 28 (90.3%)
Age (yr) 44.8 ± 8.8 50.2 ± 8.6 47.9 ± 8.9
Duration with HIV-1 infection (yr) 14.4 ± 5.4 13.3 ± 7.0 13.7 ± 6.3
Prior lines of medication change 4.8 ± 1.9 5.0 ± 2.3 4.9 ± 2.1
Co-infection with HBV (%) 1 (7.7%) 2 (11.1%) 3 (9.7%)
Co-infection with HCV (%) 1 (7.7%) 1 (5.6%) 2 (6.5%)
Co-infection with TB (%) 5 (38.5%) 6 (33.3%) 11 (35.5%)
Reasons for changing regimen

Treatment failure 13 (100%) 0 (0.0%) 13 (41.9%)
Simplification 0 (0.0%) 6 (33.3%) 6 (19.4%)
Adverse drug reaction 0 (0.0%) 12 (66.7%) 12 (38.7%)

Mean changes in HIV RNA titer and CD4+ T cell counts
RNA (log10 copies/mL) at week 0 4.5 (4.3–4.8) undetectable
RNA (log10 copies/mL) at week 4 1.8 (1.5–2.5) undetectable
RNA (log10 copies/mL) at week 12 1.7 (1.5–2.2) undetectable
RNA (log10 copies/mL) at week 24 1.7 (1.5–2.4) undetectable
RNA (log10 copies/mL) at week 48 1.9 (1.6–2.1) undetectable
CD4+ T cell (/mm3) at week 0 148.0 (99.0–266.0) 427.0 (355.0–549.0)
CD4+ T cell (/mm3) at week 4 195.0 (176.0–311.0) 356.5 (353.0–540.0)
CD4+ T cell (/mm3) at week 12 164.0 (101.0–251.0) 431.0 (331.5–488.5)
CD4+ T cell (/mm3) at week 24 165.5 (153.0–303.0) 864.0 (669.0–1059.0)
CD4+ T cell (/mm3) at week 48 376.5 (353.0–400.0) 447.5 (407.0–507.0)

HIV, human immunodeficiency virus; HBV, hepatitis B virus; HCV, hepatitis C virus; TB, tuberculosis; RNA, ribonucleic acid.

Table 2. Laboratory findings before and after regimen changes
Variablesa Failure group (n = 13) Non-failure group (n = 18) Total (n = 31)
Initial eGFR (mL/min/BSA) 107.9 ± 33.6 108.4 ± 29.6 108.2 ± 30.8
Last eGFR (mL/min/BSA) 77.9 ± 17.0 103.1 ± 35.5 88.5 ± 28.8
Initial AST (U/L) 26.9 ± 13.2 34.2 ± 22.3 30.8 ± 18.7
Last AST (U/L) 25.3 ± 18.9 23.2 ± 8.1 24.4 ± 15.2
Initial ALT (U/L) 33.1 ± 13.0 32.9 ± 18.6 33.0 ± 15.9
Last ALT (U/L) 26.7 ± 20.8 24.2 ± 19.5 25.6 ± 20.0
Initial glucose (mg/dL) 144.3 ± 85.8 87.9 ± 16.9 117.4 ± 68.1
Last glucose (mg/dL) 121.5 ± 55.1 98.5 ± 16.8 92.3 ± 45.2
Initial LDL (mg/dL) 87.1 ± 56.9 98.7 ± 27.1 92.3 ± 45.2
Last LDL (mg/dL) 116.3 ± 60.3 103.0 ± 39.4 110.7 ± 52.2
Initial HDL (mg/dL) 52.8 ± 19.1 47.9 ± 16.5 49.3 ± 13.6
Last HDL (mg/dL) 47.9 ± 11.3 51.2 ± 16.6 49.3 ± 13.6
Initial TG (mg/dL) 329.4 ± 369.4 145.8 ± 69.4 242.0 ± 281.4
Last TG (mg/dL) 268.6 ± 223.1 143.0 ± 87.0 215.9 ± 187.6
Initial hTG (no) 3 (27.3%) 7 (70.0%) 10 (47.6%)
Initial hTG (yes) 8 (72.7%) 3 (30.0%) 11 (52.4%)
Last hTG (no) 4 (22.2%) 10 (76.9%) 14 (45.2%)
Last hTG (yes) 14 (77.8%) 3 (23.1%) 17 (54.8%)
aVariables are expressed as mean ± standard deviation.
eGFR, estimated glomerular filtration rate; BSA, body surface area; AST, aspartate aminotransferase; ALT, alanine aminotransferase; LDL, low-density 
lipoprotein; HDL, high-density lipoprotein; TG, triglycerides; hTG (hypertriglyceridemia), TG >150 mg/dL.
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During the follow-up period, 30 of the 31 patients continued the DTG/DRV/c combination 
therapy without adverse drug reaction that required a regimen change. However, one patient 
was changed from the study regimen to other medications by a HIV care physician owing to 
persistent renal insufficiency after regimen change. Patients complained of itching, acne, 
weight loss, constipation, and general weakness during the period of medication; however, 
the adverse drug reaction were of grade 1 (mild). The tolerability of this combination was 
very good, because thirty patients complied well with the drug regimen; however, one patient 
had no improvement in renal function. None of the patients complained of neuropsychiatric 
adverse drug reaction, such as depression, suicidality, and sleep disturbance (Fig. 3). 
Although we could not check the medical records at other hospitals, there were no psychiatric 
and neurological records at our hospital during the study period.
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Two patients (6.4%) had failed treatment with more than 50 copies/mL of RNA, which 
suggested poor compliance in these patients.

The laboratory parameters were analyzed for renal function, liver function, and blood and 
lipid abnormalities before and after the regimen change to evaluate adverse drug reaction. 
There was no significant adverse reaction when comparing the blood test at the time of drug 
change and the last follow-up blood test after the change.

DISCUSSION

Previous DTG/3TC studies showed that in all patients who achieved virological suppression, 
the RNA was maintained at a stable state after the regimen change [11, 12]. However, this 
study did not include patients with treatment failure. Physicians must still consider the 
problems that could arise from the continued use of an NRTI (3TC). In previous DTG/
RPV studies, effective viral suppression was observed in patients who switched owing to 
treatment failure [13-16]. The outcome was favorable in the DTG/RPV study. Although 
RPV had fewer adverse drug reactions than the first-generation non-nucleoside reverse 
transcriptase inhibitors (NNRTIs), there are still associated neuropsychiatric problems and 
hepatic complications.

Thus, a DTG/DRV regimen, boosted with pharmacokinetic enhancers, has been studied. 
Thus far, 2 studies have examined the treatment boosted with ritonavir. The DUALIS study 
with 320 patients with HIV with sustained virological suppression was initiated in 2015 and 
reported interim pharmacokinetic results in 2017. Data from this pharmacokinetic study 
demonstrated adequate steady-state drug concentrations and no significant change in liver 
and kidney functions. This study is ongoing on a large scale as a prospective, multicenter 
study, but it is limited to drug modifications in patients with well-suppressed viruses [10]. 
The TIVISTA study (tivicay plus prezista observational cohort), which began in 2016 and was 
reported in 2017, included 130 patients with duration of 48 weeks of those, 30% were patients 
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with treatment failure. Studies have shown effective viral suppression in patients with 
treatment failure [17, 18]. In both studies, there were no significant adverse drug reactions 
such as those seen [10, 17, 18].

However, in these DTG/DRV/boosted studies, DRV was boosted with ritonavir, and thus the 
pill burden was still high. The choice of the effective drug combination for the treatment of 
HIV is also important, but the simplification and low pill burden of drugs for simplification 
is a key factor in compliance. Currently, a single tablet with DRV boosted with cobicistat 
(DRV/c) was commercialized as a fixed-dose single tablet (DRV 800 mg and cobicistat 150 
mg), which makes it possible to further simplify drug administration [24]. The deNUC study 
(DRV/cobicistat and DTG to maintain virologic suppression and reduce NRTI-associated 
toxicity) started in 2015, but the results have not been published. This study was also 
conducted in patients with HIV who were virologically suppressed. In a poster presented at 
the recent International AIDS Society Conference on HIV Science (IAS 2017) in Paris, it was 
reported that DTG/DRV/c was effective [25]. This study retrospectively analyzed 44 patients, 
including patients with failed therapy. In the poster, patients were followed-up for 24 weeks 
and there were no data on the adverse drug reaction.

If the drug modification aims to achieve simplification in patients with viral suppression, 
the viral suppression should be maintained after the change. An important point in drug 
change is that the virus should be suppressed, even if it is changed in patients who have 
failed treatment. A combination with high resistance barriers is required in patients with 
poor compliance and treatment failure. PI plus integrase strand transfer inhibitors (INSTI), 
with a high resistance barrier, is a good candidate regimen for switch therapy. DTG/DRV/r 
combination studies have been published recently [10, 17, 18]. Given the approval of DRV 
co-formulated with cobicistat, we attempted a DTG/DRV/c regimen to further reduce the pill 
burden of drug and reduce the adverse drug reaction of ritonavir, such as diarrhea. The pill 
burden of this regimen is low, and therefore patients feel that it is easy to take in a clinical 
setting. One of the most important aspects of treatment is to allow the patient to successfully 
take the medicine. Therefore, it may be advantageous in patients who have poor compliance 
owing to the inconvenience in taking medication.

In this study, the boost drug of the patient who stopped the DTG/DRV/c was changed from 
cobicistat to ritonavir because of no improvement in eGFR and creatinine. This patient was 
previously switched to DTG/DRV/c with a gradually mild decrease in eGFR while taking 
previous ART medication. After switching to ritonavir, the patient's eGFR remained at 
approximately 50–55 mL/min/BSA and mild proteinuria persisted. The reduction of eGFR 
in patients may be related to nephropathy with hypertension as an underlying disease in the 
patient. Indeed, DTG and cobicistat inhibit the renal transporters without any renal damage 
and could cause eGFR reduction.

In the TIVISTA study, TG decreased during the 48-week observation period. However, the 
proportion of hypertriglyceridemia increased after drug change in this study. The mean TG 
value of the patients was high even before the drug change. The elevated TG values were 
the result of tests performed without fasting in clinical settings. In addition, patients with 
hypertriglyceridemia did not show any particular symptoms. It was difficult to determine the 
high mean TG value of the patients, and this was probably related to the diet rather than the 
adverse drug reaction of the drugs.
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This study has several limitations. At the time of the study, INSTIs were not included in the 
genotypic HIV resistance test in our hospital and resistance to DTG was not confirmed in 
the treatment failure group. Although two patients who did not achieve viral suppression 
missed the resistance testing results for INSTIs, the failure was at least suggested to be 
related with poor adherence to treatment. Because of the retrospective nature of this study, 
only some adverse drug reactions were described by the physician in the chart. Although 
the exact adverse drug reactions were not analyzed, no serious adverse drug reactions 
were determined, because they were not recorded on the chart, and no specific findings 
were reported after the blood tests. And most of all, we have two HIV counseling nurses 
in our hospital. HIV patients being traced at our clinic have regular contact with them and 
adequate counseling on medication and patient status through these people. We therefore 
feel confident that there were no serious side effects that were not recorded on the chart 
and unknown to the medical staff. In addition, RNA and CD4+ counts were not routinely 
followed up and small number of patients were included at each week for evaluation. Lastly, 
because the definition of treatment failure was based on 50 copies/mL, there was difficult to 
distinguish from other temporary viremia such as blips.

Despite the small number of patients and retrospective design, this study can be considered 
a basis for the selection of drugs in clinical practice before the formal reports of other DTG/
DRV/c studies are published. However, we consider that this study provides meaningful 
information, because data about effectiveness, safety, and tolerability of a switch to a simple 
dual regimen in treatment-experienced HIV patients are rare.

In conclusion, the combination of DTG/DRV/c in HIV-treatment experienced patients appears 
to achieve successful viral suppression in the treatment failure group and to exert viral 
suppression in patients who are in need of simplification and want to avoid adverse drug 
reaction caused by a previous drug. The tolerability of this regimen in the real practice setting 
appears to be very good, with no significant adverse drug reaction.
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