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Comparison of Antiretroviral Regimens: Adverse Effects 
and Tolerability Failure that Cause Regimen Switching
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Background: The efficacy of antiretroviral therapy (ART) has improved, and the adverse effects of antiretroviral drugs have been re-
duced. However, these adverse effects still significantly influence patient compliance, increasing the risk of tolerability failure. There-
fore, we investigated the adverse effects and tolerability failure causing changes in the first ART regimen, and identified the regimens 
that were most vulnerable to switching.
Materials and Methods: We enrolled patients with human immunodeficiency virus (HIV) who commenced their first ART between 
January 1, 2011 and July 30, 2014. Patients who started their first ART regimen at the Kyungpook National University Hospital were 
included in the study if they were aged ≥18 years and were followed-up for ≥12 weeks. The primary dependent variable was the 
duration of treatment on the same ART regimen. We analyzed the maintenance rate of the first ART regimen based on the treatment 
duration between these groups using survival analysis and log rank test. The frequency of the adverse effects of ART regimens was 
analyzed by multiple response data analysis.
Results: During the investigation period, 137 patients were enrolled. Eighty-one patients were maintained on the initial treatment 
regimen (59.1%). In protease inhibitor (PI)-based regimen group, 54 patients were maintained on the initial treatment regimen (54/98, 
55.1%). In non-nucleoside reverse transcriptase inhibitor (NNRTI)-and integrase inhibitor (II)-based regimen group, 15 (15/26, 57.7%) 
and 12 (12/13, 92.3%) patients were maintained on the initial treatment regimen, respectively. Adverse effects that induced ART 
switching included rash (16/35, 45.7%), gastrointestinal discomfort or pain (7/35, 20%), diarrhea (7/35, 20%), hyperbilirubinemia 
(6/35, 17.1%), headache or dizziness (3/35, 8.5%). Among the treatment regimens, the group receiving an II-based regimen showed 
the least switching. The group receiving PI-and NNRTI-based regimens were most likely to switch due to adverse effects during the 
early treatment period. However, after about 18 months, switching was rarely observed in these groups. Among the PI drugs, daruna-
vir/ritonavir showed fewer drug changes than atazanavir/ritonavir (P = 0.004, log rank test) and lopinavir/ritonavir (P = 0.010). Among 
the NNRTI drugs, rilpivirne produced less switching than efavirenz (P = 0.045).
Conclusion: Adverse effects to ART resulted in about a quarter of patients switching drugs during the early treatment period. 
II-based regimens were advantageous because they were less likely to induce switching within 18 months of treatment com-
mencement. These findings indicated the importance of considering and monitoring the adverse effects of ART in order to im-
prove adherence.
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Introduction

During the last twenty years, the development of antiretrovi-

ral drugs and the use of highly active antiretroviral therapy 

(HAART) have dramatically reduced mortality among pa-

tients infected with human immunodeficiency virus (HIV). 

The success of ART has led to HIV becoming a chronic disease 

[1-3]. Therefore, the period of medication of HIV infected pa-

tients has been prolonged, and adverse events and adherence 

have become more important. Taking regular medication is 

important for the treatment of HIV, because poor adherence 

plays a major role in the emergence of resistance and treat-

ment failure. Poor adherence to therapy affects the viral load 

reduction and the recovery of CD4+ lymphocytes, and it is 

also strongly associated with disease progression and mortali-

ty [4-6]. Various factors influence treatment adherence, in-

cluding medications, patient factors, and socioeconomic fac-

tors. Patient sex, age, economic status, active substance abuse, 

level of education, the lack of family and social support, neu-

rocognitive function, and psychiatric problems are important 

socioeconomic and patient factors. The medication-associat-

ed factors include side effects, pill burden, type of regimen, 

drug interactions, ease of storage, and food requirements [7]. 

Tolerability is also an important factor affecting treatment ad-

herence. 

The efficacy of ART has improved, and the adverse effects of 

antiretroviral drugs have been reduced. However, adverse 

events during ART are the most important determinants of 

adherence. With virologic failure, tolerability failure, defined 

as the permanent discontinuation of antiretroviral drug treat-

ment as the result of an adverse event, was investigated as a 

clinical outcome parameter in a previous study [8]. Therefore, 

we investigated the switching rate and the adverse effects of 

the first ART. We also evaluated the regimen classes and an-

tiretroviral drugs associated with changes in the first ART. Ad-

ditionally, we investigated which antiretroviral drugs within 

these classes were most likely to cause regimen switching.

Materials and Methods 

1. Subjects and study design
A retrospective study was performed by reviewing the medi-

cal records of HIV-infected patients who started their first 

HAART at the Kyungpook National University Hospital 

(KNUH), a tertiary teaching hospital in South Korea, between 

January 1, 2011 and July 30, 2014. Patients who fulfilled the 

following criteria were included in this study: (1) age ≥18 

years; (2) first ART initiated at the KNUH; (3) follow-up for 

≥12 weeks. Patients fulfilling the following criteria were ex-

cluded from this study: (1) age <18 years; (2) treatment for 

post-exposure prophylaxis; (3) pregnancy; (4) previously 

treated with ART and commencing second-line treatment.

Using medical records, we examined why patients switched 

from the first ART regimen, the date when treatment was 

started, and the last follow-up date of the first ART regimen. 

We calculated the period of the first ART regimen as the time 

difference between these two dates. Among the patients who 

met the inclusion criteria, the patients who switched their first 

ART regimen because of the side effects of other drugs were 

excluded from this study. If the reason for switching the first 

ART regimen was side effects of antiretroviral drugs, we inves-

tigated adverse effects that cause ART switching. The collected 

adverse effects were headache, nausea or upper abdominal 

pain, rash, headache, dizziness, diarrhea, elevation of aspar-

tate aminotransferase (AST) and alanine transaminase (ALT), 

and hyperbilirubinemia. 

The patients were classified into three groups, depending on 

the initial treatment regimen: a protease inhibitor (PI)-based 

regimen group; a non-nucleoside reverse transcriptase inhibi-

tor (NNRTI)-based regimen group; and an integrase inhibitor 

(II)-based regimen group. The PI-based regimen group in-

cluded the following drug combinations: co-formulated teno-

fovir/emtricitabine (TDF/FTC) + ritonavir-boosted darunavir 

(DRV/r); TDF/FTC + ritonavir-boosted atazanavir (ATV/r); 

co-formulated abacavir/lamivudine (ABC/3TC) + DRV/r; AB-

C/3TC + ATV/r; 3TC + ABC + ATV/r; ABC/3TC + ritona-

vir-boosted lopinavir (LPV/r); 3TC + ABC + LPV/r; co-formu-

lated lamivudine/zidovudine (3TC/ZDV) + LPV/r. The 

NNRTI-based regimen group included the following drug 

combinations: TDF/FTC + efavirenz (EFV); LPV/r + EFV; 3TC 

+ ABC + EFV; TDF/FTC + rilpivirine (RPV). The II-based regi-

men group included the following drug combinations: TDF/

FTC + raltegravir (RAL); co-formulated elvitegravir/cobicistat/

emtricitabine/tenofovir (EVG/COBI/FTC/TDF). We com-

pared the maintenance of the first ART regimen according to 

the time between these groups. In addition, we compared the 

maintenance of therapies containing individual drugs within 

these ART classes. We excluded patients who changed their 

initial antiretroviral regimen because of other reasons other 

than adverse effects. One study population was referred to as 

the adverse effect-associated regimen switching group, while 

the original study population was considered as all-case regi-

men switching.
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2. Definitions
Diarrhea was defined as passage of liquid or unformed stool 

which frequency is more than three times per day [9]. Eleva-

tion of AST and ALT were defined as the case that was more 

than twice the upper limits of normal (ULN; AST: 36 IU/L, 

ALT: 41 IU/L) [10-12]. Hyperbilirubinemia was defined as the 

case that was higher than ULN (ULN; total bilirubin: 1 mg/dL) 

[11, 12]. Patients who meet the following diagnostic criteria 

were defined as diabetes; HbA1C ≥6.5% or fasting plasma glu-

cose ≥126 mg/dL or 2-hour plasma glucose ≥200 mg/dL [9, 

13]. Presence of other adverse effects such as rash, upper ab-

dominal pain or nausea, headache and dizziness was adopted 

by reviewing medical records.

3. Statistical analysis
Statistical analyses were performed using SPSS version 22.0 

(SPSS Inc., Chicago, IL, USA). The survival analysis with log 

rank test was used to analyze differences in maintenance rate 

of the first antiretroviral drug regimen between the regimen 

groups and between individual drugs within these groups. The 

frequency of the adverse effects of ART regimens was ana-

lyzed by multiple response data analysis. P-values < 0.05 (two-

tailed) were considered statistically significant.

Results 

During the study period, 137 HIV-infected patients started 

ART. Ninety-eight of these were prescribed PI-based regimens 

(71.5%), 26 (19.0%) were prescribed NNRTI-based regimens, 

and 13 (9.5%) were prescribed II-based regimens (Table 1). 

Eighty-one patients were maintained on their initial ART regi-

men throughout the research period. We investigated the fre-

quency of use of each drug. In PI-based regimens, DRV/r was 

used in 29 patients, LPV/r was used in 33 patients, and ATV or 

ATV/r was used in 36 patients. In the NNRTI-based regimens, 

EFV was used in 20 patients, and RPV was used in 6 patients. 

In the II-based regimens, RAL was used in 8 patients, and 

EVG/COBI/FTC/TDF was used in 5 patients. TDF/FTC and 

ABC/3TC were used in 70 and 31 patients, respectively.

Among the 56 patients who switched from their initial ART 

regimen, 35 patients changed regimens because of the ad-

verse effects of the antiretroviral drugs. The remainder (n = 21) 

switched because of other reasons. In PI-based regimens, 44 

patients were switched from the initial ART regimen. Among 

these patients, 26 patients (26/44, 59.0%) switched the initial 

ART regimen because of adverse effects. Within the NNR-

TI-based regimen groups, 11 patients were switched from the 

initial ART regimen. Nine (9/11, 81.8%) patients switched 

from the initial ART regimen because of adverse effects. In II-

based regimens, one patient was switched from the initial ART 

regimen, but not because of adverse effects (Table 1). In the 

26 patients who switched from the initial PI-based ART regi-

men because of adverse effects, DRV/r was used in 2 patients, 

ATV or ATV/r was used in 13 patients, and LPV/r was used in 

11 patients. All patients who changed the initial NNRTI-based 

regimen because of adverse effects were prescribed EFV. 

However, patients who were initially prescribed RPV did not 

discontinue initial antiretroviral drugs (Table 1). 

Table 1. First antiretroviral regimens for the treatment-naïve patients during study period

PI-based NNRTI-based II-based

N (%) 98 (71.5%) 26 (19.0%) 13 (9.5%)

Cases of switching 44 (44/98 44.9%) 11 (11/26 42.3%) 1 (1/13 7.7%)

Cases of AE 26a (26/44 59.0%) 9b (9/11 81.8%) 0 (0/1 0%)

PI, protease inhibitor; NNRTI, non-nucleoside reverse transcriptase inhibitor; II, integrase inhibitor; AE, adverse effect.
aIn 26 cases, DRV/r was 2, ATV/r was 13, and LPV/r was 11.
b9 Cases who changed from the initial regimen because of AE were prescribed EFV. 

Table 2. Adverse effects resulting in switching of the first antiretroviral 
regimen

Adverse effects N (% of patients)

Upper abdominal pain or nausea 7 (20)

Diarrhea 7 (20)

Diabetes 1 (2.8)

Rash 16 (45.7)

Pain on extremities 1 (2.8)

Elevation of AST, ALT 1 (2.8)

Hyperbilirubinemia 6 (17.1)

Headache 2 (5.7)

Dizziness 1 (2.8)

Total 42a (120)

AST, aspartate aminotransferase; ALT, alanine transaminase.
a42 cases of overlapping adverse effects were observed in 35 patients who expe-
rience adverse effects.
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In the 35 patients who experienced adverse effects, 42 cases 

of overlapping adverse effects were observed. The most com-

mon adverse effects included rash (n = 16, 45.7% of patients), 

upper abdominal pain or nausea (n = 7, 20%), diarrhea (n = 7, 

20%), and hyperbilirubinemia (n = 6, 17.1%). Headache and 

dizziness were observed in 2 patients (5.7% of patients) and 1 

patients (2.8%), respectively (Table 2).  

The survival curves of treatment regimens are shown in Fig-

ure 1. The results of the log rank tests comparing the mainte-

nance rate in these regimen groups for all-cause regimen 

switching were as follows: PI versus II, P = 0.037; and NNRTI 

versus II, P = 0.044 (Fig. 1A). The results of the log rank tests 

comparing the maintenance rate in these regimen groups for 

adverse effect-associated regimen switching were as follows: 

PI versus NNRTI, P = 0.384; PI versus II, P = 0.039; and NNRTI 

versus II, P = 0.019 (Fig. 1B). The groups taking II-based regi-

mens showed higher maintenance rate of the initial antiretro-

viral regimen than that of PI-and NNRTI-based regimen 

groups, and this difference was statistically significant. In the 

NNRTI-based regimen group, frequent switching was ob-

served early in the administration period (Fig. 1A, 1B). The PI-

and NNRTI-based regimen groups often switched treatment 

regimen within 18 months (Fig. 1A). After this time-point, 

these regimens were maintained without change (Fig. 1A).

Figure 1. Comparison of the maintenance rate of the ART regimen among PI-based, NNRTI-based, and II-based regimens. 
(A) Analysis of all-cause regimen switching. Kaplan-Meier survival analysis, log rank test; PI versus II regimens, P  = 0.037; NNRTI versus  II regimens, P  = 0.044. (B) 
Analysis of adverse effect-associated regimen switching. PI versus NNRTI regimens, P  = 0.384; PI versus II regimens, P  = 0.039; NNRTI versus  II regimens, P  = 0.019.
ART, antiretroviral therapy; PI, protease inhibitor; NNRTI, non-nucleoside reverse transcriptase inhibitor.

A B

Figure 2. Comparison of the maintenance rate of the ART regimen within PI and NNRTI class drugs. 
(A) Analysis of adverse effect-associated regimen switching within PI class drugs. Kaplan-Meier survival analysis, log rank test; DRV/r versus LPV/r regimens, P  = 0.010; 
DRV/r versus  ATV/r regimens, P  = 0.04. The ATV/r includes both ATV and ATV/r. (B) Analysis of adverse effect-associated regimen switching within NNRTI class drugs. 
EFV versus  RPV regimens, P  = 0.045.
ART, antiretroviral therapy; PI, protease inhibitor; NNRTI, non-nucleoside reverse transcriptase inhibitor; DRV, darunavir; ATV, atazanavir; LPV/r, lopinavir/ritonavir; RPV, rilpiv-
irine; EFV, efavirenz.

A B
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The survival curves associated with individual PI-based regi-

mens are shown in Figure 2A. The curves of groups receiving 

ATV/r and LPV/r showed a steep descent at early time-points 

and reached a plateau after 12 months. However, the curve for 

those receiving DRV/r reached a plateau with a gentle descen-

dent. The results of the log rank tests comparing the mainte-

nance rate between PI drugs for all-cause regimen switching 

were as follows: DRV/r versus LPV/r, P = 0.011; and DRV/r 

versus ATV/r, P = 0.004. The results of the log rank tests for 

comparing the maintenance rate between PI drugs for the ad-

verse effect-associated regimen switching were as follows: 

DRV/r versus LPV/r, P = 0.010; and DRV/r versus ATV/r, P = 

0.04 (Fig. 2A). DRV/r was rarely switched due to adverse ef-

fects and this difference from other drugs in this category was 

statistically significant. A within-group comparison of the NN-

RTI-based regimens showed that RPV had a significantly low-

er frequency of changes than EFV (P = 0.045 for all-cause regi-

men switching, P = 0.045 for adverse effect-associated 

regimen switching) (Fig. 2B).

Discussion

Recently, mortality caused by opportunistic infections in 

HIV patients has been decreased by the administration of ef-

fective antiretroviral drugs. Thus, HIV/acquired immune defi-

ciency syndrome (AIDS) has changed into a chronic manage-

able disease pattern. Accordingly, new treatment strategies 

and approaches to patient management are needed to treat 

these patients [14, 15]. Treatment adherence reflects the de-

gree of concordance between the recommendation of the 

doctor and the actions of their patient. This has an important 

influence on the long-term success of HIV/AIDS treatment. 

Various factors can degrade adherence and these include the 

doctor-patient relationship, socioeconomic factors, and medi-

cation factors. According to many previous studies, adverse 

drug effects are one of the main factors leading to reduced ad-

herence [7, 16-20].  

The most common adverse effects of antiretroviral drugs are 

rash, hypersensitivity reaction, anemia, gastrointestinal discom-

fort, jaundice, and side effects on the central nervous system 

(CNS). The gastrointestinal side effects are diarrhea, nausea, and 

vomiting. These are the major reasons for discontinuation in 

the early phase of ART [21]. PI drugs can produce severe gas-

trointestinal adverse effects, while NNRTI and II drugs have 

fewer of these effects. Comparative studies within PI drugs 

have shown that ATV/r and DRV/r produced fewer adverse 

gastrointestinal effects than LPV/r [22, 23]. Within the NNRTI 

drugs, RPV produced fewer rashes and adverse gastrointesti-

nal effects than EFV [24, 25]. CNS adverse effects including in-

somnia, nightmares, headaches, and dizziness are commonly 

observed at NNRTI drugs. These tend to appear soon after 

therapy initiation and mostly improve within 4 weeks. Ad-

verse CNS effects are also associated with II drugs, although to 

a lesser extent than those observed at NNRTI drugs. A study 

comparing EFV with RAL showed that RAL caused less ad-

verse CNS effects than EFV [26]. Rash is a common adverse 

effect that can be caused by many drugs; the main ART re-

sponsible for this side effect is NNRTI drug. Rash is observed 

in 10-17% of patients receiving NNRTI drugs. However, this is 

mostly mild and was only associated with a discontinuation 

rate of about 2% [27]. In the present study, the adverse effects 

causing the first ART switch included rash, nausea, vomiting, 

and hyperbilirubinemia; this finding was consistent with 

those of previous studies. However, we found that rash oc-

curred more frequently than adverse gastrointestinal effects. 

We think that are differences between the severity of adverse 

effects that lead to ART switching and the frequency of the ad-

verse effects.

We found that NNRTI-based regimens employing RPV 

showed a lower percentage of discontinuation/continuation 

over time than those employing EFV. Previous studies have 

investigated the safety and tolerability of NNRTIs. Monlia et al. 

[24] reported that the incidence of treatment-related grade 2-4 

adverse events was lower for RPV than for EFV (RPV [55/346] 

versus EFV [108/344], P < 0.0001). The incidence of discontin-

uation due to adverse events was lower for RPV (6/346) than 

for EFV (25/344). Cohen et al. [25] reported that the incidence 

of discontinuation due to adverse events was greater for EFV 

than for RPV (RPV [9/340] versus EFV [24/338]). Our study 

also showed that EFV was more frequently stopped early after 

ART initiation.

Our comparison within the PI-based regimens indicated 

that DRV/r showed a lower percentage of discontinuation/

continuation over time than those involving other PIs. ATV/r 

was stopped earlier than LPV/r, although this difference was 

not statistically significant. Orkin et al. [22] reported that DRV/

r produced fewer treatment-related adverse gastrointestinal 

events and less discontinuation due to adverse events. The in-

cidence of hyperbilirubinemia was also lower during DRV/r 

therapy. Our data in relation to DRV/r were consistent with 

this report. Molina et al. [23] also reported that ATV/r showed 

less discontinuation than LPV/r. Treatment-related adverse 

gastrointestinal events such as diarrhea and nausea were re-
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ported less frequently during administration of ATV/r, as 

compared with than LPV/r; however, rash and hyperbilirubin-

emia were more apparent with ATV/r than with LPV/r. Hyper-

bilirubinemia and gastrointestinal problems are the main fac-

tors leading to discontinuation of PI-based regimens.

Treatment duration survival analysis showed that II-based 

regimens had a significantly lower ratio for discontinuation/

continuation over time than that of the other treatments. The 

PI- and NNRTI-based regimens reached a steady state after 18 

months. In the STARTMRK study, therapy of individuals in the 

RAL-based therapy group was stopped less frequently due to 

adverse events than was that of those in the EFV-based thera-

py group and the time to discontinuation was significantly 

longer in the RAL group than in the EFV group (log rank P-val-

ue = 0.023) [28]. Similarly, the present study showed that II-

based regimens maintained the initial ART for longer than 

NNRTI-based regimens. 

In a previous comparison of ABC/3TC and TDF/FTC with 

DRV/r, the TDF/FTC regimen was tolerated more effectively 

than the ABC/3TC regimen [29]. We also performed survival 

analyses between TDF/FTC and ABC/3TC. But, survival 

curves showed cross-over. Therefore, we could not analyze log 

rank test to compare TDF/FTC with ABC/3TC. In this study, 

nucleoside reverse transcriptase inhibitor (NRTI) drugs were 

used as a backbone nucleoside. So, anchor drugs of each NRTI 

drugs were various. We thought that anchor drugs would in-

fluence the result of survival analyses.

There were some limitations to this study. First, this was a 

retrospective study. Thus, in some cases, we were unable to 

determine the reason for switching from ART drug treatment. 

Additionally, we could not evaluate all adverse effects using 

the Common Terminology Criteria for Adverse Events (CT-

CAE) criteria. Second, we predicted that tolerability failure 

was more related to patients’ subjective factors than to objec-

tive evidences such as the severity of adverse events. There-

fore, we defined the adverse effects, including low levels of 

toxicity, which were lower than those observed in previous 

studies. Consequently, there were large differences in the fre-

quency of adverse effects compared to those found in previ-

ous studies. Third, the size of the overall study population was 

small and this limited the subgroup analyses. Therefore, future 

studies should aim to recruit additional patients, facilitating 

comparisons of the treatment regimens. A further compara-

tive study of RAL and EVG will be required. Fourth, the maxi-

mum follow-up duration for the first ART regimen varied. If 

the duration was similar, the statistical p value would have 

been different in some comparative arms. Particularly, in the 

comparison of RPV and EFV, the p value would have been af-

fected. However, our study did identify statistically significant 

differences between regimen groups and obtained clinically 

meaningful information about the adverse effects that result-

ed in regimen switching.

In summary, adverse effects often caused discontinuation of 

the initial ART. II-based regimens showed better adherence 

than other regimens. PI- and NNRTI-based regimens were 

vulnerable to switching at early time-points but tended to sta-

bilize when maintained for over 18 months. It is important to 

understand, monitor, and treat common adverse events in or-

der to maintain patient adherence and improve outcomes. 
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