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ABSTRACT - Purpose. Antiretroviral therapy is now available for HIV-infected patients, and so-called highly 
active antiretroviral therapy (HAART) now makes it possible to strongly suppress viral proliferation and restore 
immunity. However, the development of new drugs and regimens for HAART is still in progress, with the aim 
of overcoming a number of associated problems. For this purpose, changes in the prescribed anti-HIV drugs are 
often made. In the present study, we attempted to clarify the actual effects of such treatment modifications in 
patients who had been started on HAART.  Methods.  We retrospectively investigated HIV-infected patients 
who had been started on HAART at Kitasato University Hospital between April 1997 and March 2013. The 
patients’ backgrounds, characteristics and laboratory data were established from the hospital medical records.  
Results.  The total follow-up time was 447.3 person-years. The patients remained on their initial regimen for a 
median period of 2040 days, and 39 patients took a second regimen for a median of 2714 days. There was no 
treatment failure due to regimen change. The reason for the regimen change was adverse effects in 49 cases, 
poor adherence/virological failure in 4, immunological failure in 3, patient request in 2, and proposals made by 
health care workers, or for simplification, in 11. The number of patients who required regimen change due to 
renal dysfunction showed a gradual increase. The number of times anti-HIV drugs were taken per day was not 
altered when the regimen changed, being mainly once or twice a day.  Conclusion.  In the present study, there 
were no instances of treatment failure due to regimen change. Through appropriate regimen change, it is 
possible to avoid serious adverse effects, and to improve patient adherence. Further adverse effects associated 
with long-term antiretroviral therapy, and reduction of adherence through medication fatigue should be 
considered. Drug selection and regimen change should be considered in relation to long-term prognosis. 
 
This article is open to POST-PUBLICATION REVIEW. Registered readers (see “For Readers”) may 
comment by clicking on ABSTRACT on the issue’s contents page. 
  
 
INTRODUCTION 
 
HIV is a retrovirus that infects mainly CD4 cells 
and macrophages. In Japan, zidovudine (AZT), a 
nucleoside reverse transcriptase inhibitor (NRTI) 
and the first anti-HIV drug, was approved in 1987 
and adopted for treatment of HIV. However, 
because HIV easily becomes drug-resistant, the 
therapeutic effect of a single agent was found to be 
temporary. In 1992, didanosine (ddI), another 
NRTI, was approved, and combination 2NRTI 
therapy was introduced. In 1997, indinavir (IDV), a 
protease inhibitor (PI), was approved. Since then, 

highly active antiretroviral therapy (HAART) that 
combines three or more anti-HIV drugs has been 
available, making it possible to strongly suppress 
viral proliferation and restore immunity. 
Consequently, the outcome of treatment for HIV 
infection has improved dramatically, and both 
mortality from, and onset of AIDS have decreased 
significantly (1).  
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 The early HAART regimen had many 
associated problems such as adverse effects, and the 
need to take many tablets several times a day to 
avoid interaction with concomitant medication and 
food. Thereafter, newer drugs with relatively few 
adverse effects, less interaction with concomitant 
medication and a longer half-life were developed, 
leading to the introduction of more effective drug 
combinations, and so far more than 20 types of  
anti-HIV drugs have become available in Japan. 
 More than 15 years after the introduction of 
HAART, new drugs and treatment regimes are still 
being investigated.  This is because HAART cannot 
completely eliminate HIV from the body, and 
patients must continue taking the medication for 
life.  Against this background, there are still various 
problems with the current HAART regimen, such as 
difficulties with patient adherence, adverse effects 
due to long-term medication, interactions with other 
drugs, and emergence of virus drug resistance. 
 For these reasons, the current situation is 
being revised once a year, even though the 
treatment guidelines of the United States 
Department of Health and Human Services (DHHS) 
are widely used. 
 Under these circumstances, in order to 
overcome the various problems associated with 
HAART, the prescribed anti-HIV drugs are often 
changed in clinical practice. 
 The purpose of the present study was to 
investigate the actual situation for patients who had 
been started on HAART at Kitasato University 
Hospital, and to evaluate the efficacy and safety of 
changes in the antiretroviral therapy regimen since 
April 1997, along with the associated issues. 
 
METHODS  
 
We retrospectively investigated HIV-infected 
patients who had been started on HAART at 
Kitasato University Hospital between April 1997 
and March 2013. The patients’ backgrounds and 
characteristics were established from the hospital 
medical records, and data included the CD4 cell 
count, the plasma HIV-RNA concentration, anti-
HIV drug history, HAART regimen change, follow-
up time, duration of each HAART regimen, reason 
for regimen change and relevant laboratory data, 
and HIV exposure category. The follow-up time 
and duration of each HAART regimen were 
measured up to March, 2013. CD4 cell count and 

plasma HIV-RNA concentration were compared by 
using the values obtained before and three months 
after the regimen change. Other laboratory data 
were compared by using the values obtained before 
and six months after the regimen change. In the 
present study, we surveyed the following changes in 
regimen: from single abacavir (ABC) tablet plus 
lamivudine (3TC) tablet to a combination 
ABC/3TC tablet, from single AZT tablet plus 3TC 
tablet to a combination AZT/3TC tablet, from a 
combination ABC/3TC tablet to single ABC tablet 
plus 3TC tablet, and from a combination AZT/3TC 
tablet to single AZT tablet plus 3TC tablet. Changes 
in dose alone or dosage form were not considered to 
constitute a change in the regimen. 
 
Statistical Analysis 
 
The continuation rates and continuation durations of 
the first and second regimens were calculated by the 
Kaplan-Meier method. CD4 cell count and plasma 
HIV-RNA concentration, serum creatinine (Cr) 
concentration, and urinary N-acetyl--D-
glucosaminidase (NAG) concentration before and 
after the regimen change were compared using 
paired t test. Differences at P<0.05 were considered 
to be statistically significant. 
 
Ethics 
 
All the patients were surveyed after obtaining 
approval from the Institutional Review Board of 
Kitasato University Hospital (approval number; 
B13-85). 
 
RESULTS 
 
1. Patient Characteristics 
 
The characteristics of the patients are shown in 
Table 1. Ninety-six patients (81 males, 15 females; 
mean age 41.7 (21-73) years) had been started on 
HAART at Kitasato University Hospital. Among 
them, 63 patients received NRTI+PI, 16 received 
NRTI+NNRTI, 15 received NRTI+INSTI, 1 
received NRTI+CCR5A and 1 received 
NRTI+PI+CCR5A. The usage of each anti-HIV 
drug is shown in Table 2. 
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Table 1.  Background and baseline characteristics 
of the study patients 
 
  Number of 

patients (%) 
or mean [Range] 

Gender Male 81 (84.4) 
Female 15 (15.6) 

Age (years) 41.7 [21-73] 
CD4 cell count 151.0 [1-780] 
Plasma HIV-RNA concentration 115825 

[960-900000] 
HIV exposure 
category 

Homosexual 
Heterosexual 
Other 

47 
42 
7 

1st HAART 
regimen 

NRTI+PI 63 
NRTI+NNRTI 16 
NRTI+INSTI 15 
NRTI+CCR5A 1 
NRTI+PI+CCR5A 1 

HAART: highly active antiretroviral therapy, NRTI: 
nucleoside/nucleotide reverse transcriptase inhibitor, 
NNRTI: non-nucleoside reverse transcriptase inhibitor, 
PI: protease inhibitor, INSTI: integrase strand transfer 
inhibitor, CCR5A: CCR5 antagonist 
 
 
2. Regimen Changes and Their Efficacy 
 
Among the 96 patients, the HAART regimen was 
changed in 39. The total number of HAART 
regimen changes was 55; it was changed twice in 
14 patients and three times in 2. The total follow-up 
time was 447.3 person-years. The median durations 
of the first and second regimens are shown in 
Figure 1. The patients remained on their first 
regimen for a median of 2040 days. The 39 patients 
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Figure 1.  Duration of first and second HAART 
regimens 

who were started on a second regimen remained on 
it for a median of 2714 days. 
 We compared the CD4 cell count and plasma 
HIV-RNA concentration before the HAART 
regimen change with those after the change. The 
CD4 cell count showed no significant change but 
the plasma HIV-RNA concentration was decreased 
significantly after the HAART regimen change 
(Figure 2). There was no instance of treatment 
failure due to the change in HAART regimen. 
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Figure 2.  CD4 cell count (A) and plasma HIV-RNA 
concentration (B) before and after regimen change. ▬ 
shows the mean.  paired t test  
 
 
3. Reasons for Regimen Changes and Adverse 
Effects 
 
The reasons for the change in the HAART regimen 
were adverse effects in 49 cases, poor 
adherence/virological failure in 4, immunological 
failure in 3, the patient’s request in 2, proposals by 
health care workers, or for simplification, in 11, and 
other reasons in 2 (Table 3). Change in the HAART 
regimen became necessary for not only single 
reasons but also combinations of reasons. The 
adverse effect necessitating a change in the regimen 
was renal dysfunction in 11 cases, 
myelosuppression    in    7,     lipodystrophy   in   6, 
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Table 2.  The number of patients under antiretroviral drug usage of each HAART regimen  
 

 1st regimen 2nd regimen 3rd regimen 4th regimen Final regimen 
NRTI      
 AZT 12 4 － － － 
 d4T 11 4 － － － 
 ABC 3 2 － － － 
 3TC 27 12 1 － 1 
 TDF 3 2 1 － 1 
 TDF/FTC 61 10 7 1 59 
 ABC/3TC 6 15 5 － 20 
 AZT/3TC 1 － － － － 
NNRTI      
 EFV 16 12 3 1 17 
 ETR － 1 － 1 2 
PI      
 ATV 15 4 3 － 11 
 FPV 8 1 － － 4 
 LPV/r 11 7 3 － 8 
 DRV 18 6 1 1 22 
 RTV 40 11 4 1 37 
 NFV 10 3 － － － 
 IDV 2 1 － － － 
INSTI      
 RAL 15 6 3 － 19 
CCR5A      
 MVC 2 2 － １ 4 

NRTI: nucleoside/nucleotide reverse transcriptase inhibitor, AZT: zidovudine, d4T: sanilvudine, ABC: abacavir, 3TC: 
lamivudine, TDF: tenofovir, TDF/FTC: tenofovir/emtricitabine, ABC/3TC: abacavir/lamivudine, AZT/3TC: 
zidovudine/lamivudine, NNRTI: non-nucleoside reverse transcriptase inhibitor, EFV: efavirenz, ETR: etravirine, PI: 
protease inhibitor, ATV: atazanavir, FPV: fosamprenavir, LPV/r: lopinavir/ritonavir, DRV: darunavir, RTV: ritonavir, 
NFV: nelfinavir, IDV: indinavir, INSTI: integrase strand transfer inhibitor, RAL: raltegravir, CCR5A: CCR5 antagonist, 
MVC: maraviroc 
Final regimen means the regimen that patients in our hospital at the time of this survey is using. 

 
 
Table 3.  Reasons for HAART regimen change in 
39 patients 
 

Reason for HAART regimen change 
Number 
of cases 

Adverse effect 49 
Poor adherence/Virological failure 4 
Immunological failure 3 
Patient decision 2 
Medical staff proposal/simplification 11 
Other 2 

HAART regimen change was for not only single but also 
multiple reasons. Therefore the total number did not 
equal 55. 
 
 

hyperlipemia in 4, diarrhea in 4, and liver 
dysfunction in 3 (Figure 3). Among the patients for 
whom the HAART regimen had to be changed 
because of renal dysfunction, 10 had been receiving 
a tenofovir (TDF)-containing regimen. For these 11 
patients with renal dysfunction, we compared the 
serum Cr concentration and urinary NAG 
concentration before and after the regimen change, 
and found that both parameters were reduced at 6 
months after the change (Figure 4). Among the 
patients for whom a regimen change became 
necessary because of myelosuppression, all had 
been receiving AZT. Among those for whom the 
regimen had to be changed because of 
lipodystrophy, all had been receiving d4T. 
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Figure 3. Adverse effects necessitating HAART regimen 
change. 
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Figure 4. Comparison of serum Cr concentration (A) and 
urinary NAG concentration (B) before and after regimen 
change. 
mean±S.D.  paired t test  

4. Evaluation of Patient Adherence 
 
With regard to patient adherence, we examined the 
number of taking times of anti-HIV drugs per day 
by individual patients. In the first regimen, 51% of 
patients took drugs once a day, 36% took them 
twice a day, and 13% took them three or more times 
a day. In the second regimen, 46% of patients took 
the drugs once a day, 44% took them twice a day, 
and 10% took them three or more times a day. In 
the third regimen, 57% of patients took the drugs 
once a day and 43% took them twice a day. In the 
fourth regimen, 50% took the drugs once a day and 
50% did so twice a day. Among the 82 patients who 
visited our hospital at the time of this survey, 63% 
took their drugs once a day and 37% took them 
twice a day (data not shown). However, from the 
medical records, it was not possible to examine the 
degree to which patients complied with the therapy. 
 
DISCUSSION 
 
In the present study, among the 96 patients, the 
HAART regimen was changed in 39 (40.6%). And 
the total number of HAART regimen changes was 
55 cases. As shown in Figure 1, the median 
duration of the first regimen was 2040 days, and 
that of the second regimen, used by 39 patients, was 
2714 days. According to one Australian study, 
patients remained on the first regimen for a median 
period of 646 days, and on the second for 623 days 
(2). In one US study, patients remained on the first 
regimen for a median period of 581 days, and on 
the second for 324 days (3). In an Asian study, the 
corresponding mean periods were 3.2 years and 1.4 
years, respectively (4). Here, we retrospectively 
investigated HIV-infected patients who had been 
started on HAART at our hospital between April 
1997 and March 2013. The duration of our study 
was longer than any reported previously. And we 
found that the CD4 cell count was not reduced and 
that the plasma HIV-RNA concentration did not 
increase after the change in the HAART regimen. 
Therefore we considered that there was no 
virological or immunological failure due to the 
regimen change. 
 The HAART regimen had to be changed due 
to adverse effects in 49 cases, and sometimes there 
was more one adverse effect in the same patient. 
AZT is an anti-HIV drug that has been applied 
clinically for treatment of HIV for a long time, and 
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therefore its frequency of use was high in initial 
HAART regimens involving combinations of three 
or more anti-HIV drugs. Myelosuppression is a 
widely recognized adverse effect of AZT, and was 
responsible for changes in regimen in many cases at 
our hospital. d4T has been reported to have a 
relationship with lipodystrophy. All patients for 
whom the regimen had to be changed because of 
lipodystrophy had been taking d4T. In 2011, the 
European Agency recommended that: “prescribers 
are reminded of the severe side effects seen with 
d4T and should only use the medicine when other 
appropriate treatments are not available”. 
Therefore, in view of the long-term toxicity of this 
agent, other agents should be considered if they are 
available. 
 In recent years, the proportion of cases 
requiring a change of regimen due to renal 
dysfunction has been increasing. In the present 
study, there were 11 such cases, and this was the 
most common reason for regimen change. Ten of 
these 11 cases had been receiving TDF, which is 
used widely and usually considered to be safe and 
well tolerated (5,6). On the other hand, TDF-
induced Fanconi syndrome and tubule damage have 
been reported (7,8). In the latest DHHS guideline 
(2013.2.12), the NRTIs recommendation was a 
TDF/FTC combination tablet, and therefore TDF 
has been frequently used. In the present study, we 
compared the serum Cr concentration and urinary 
NAG concentration with before and after the 
HAART regimen change, and found that the two 
parameters were reduced at 6 months after the 
change. The renal impairment caused by TDF is 
thought to be reversible if TDF is discontinued 
(9,10), although some patients do not show (11,12). 
Yoshino et al. compared groups that should 
recovery, mild recovery, and exacerbation, and 
concluded that the period of exposure to TDF was a 
factor affecting the recovery of renal function (13). 
Ten of the 11 cases in whom we evaluated the 
urinary NAG concentration and serum Cr 
concentration has been receiving TDF. In recent 
years, aging-related decline of physiological 
functions in HIV-infected patients has become an 
increasing problem. The high frequency of TDF use 
may prove to be a problem for continuous 
antiretroviral therapy, and further consideration of 
this issue may be necessary. 
 Adverse effects have been reported with the 
use of all anti-HIV drugs, and are among the most 

common reasons for switching or discontinuing 
therapy, and also for non-adherence with 
medication (14). Adverse events revealed by 
laboratory tests are associated with higher rates of 
mortality, indicating the importance of overall 
management for patients receiving antiretroviral 
agents (15). With the use of newer HAART 
regimens, the rate of adverse effects in HAART-
naïve patients appears to be declining. However, 
because many clinical trials have a relatively short 
follow-up duration, the longer-term complications 
of HAART may be underestimated. 
 In relation to patient adherence, we examined 
the number of taking time of anti-HIV drugs per 
day by individual patients. In the first regimen, 51% 
of patients took drugs once a day, 36% took them 
twice a day, and 13% took them three or more times 
a day. In the second regimen, 46% of patients took 
drugs once a day, 44% took them twice a day, and 
10% took them three or more times a day. In the 
third regimen, 57% of patients took drugs once a 
day and 43% took them twice a day. In the fourth 
regimen, 50% took drugs once a day and 50% did 
so twice a day. Among the 82 patients who visited 
our hospital at the time of this survey, 63% took 
drugs once a day and 37% took them twice a day 
(data not shown). In this study, the number of times 
anti-HIV drugs were taken per day was not greatly 
altered as a result of regimen change. This was also 
a factor contributing to maintenance of adherence, 
and thus lack of treatment failure due to regimen 
changes. Krentz et al. reported that in the early 
period of the HAART regimen, the majority 
required dosing three times a day, but by 2010 
nearly all HAART regimens were taken once or 
twice a day (16). In recent years, the combination 
tablet and new anti-HIV drugs, different 
mechanisms of action, capable of being taken once 
daily, few interactions with concomitant drugs and 
foods, have been introduced. As a result, both 
HAART-naïve and HAART-received patients have 
benefited from regimens that require fewer doses 
per day or fewer tablets per day. Systematic reviews 
in the non-HIV literature have shown that 
adherence is inversely related to the number of 
daily doses (17). Some prospective studies of HIV-
infected patients have shown that those on regimens 
with a reduced dosing frequency have higher levels 
of adherence (5,18). Early HAART regimens 
imposed a considerable burden on patients, because 
they required many tablets to be taken several times 
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a day. It is considered that further improvements 
will ease this burden, and thus improve adherence. 
However, a lower number of doses per day means 
that the impact of any medication errors will be 
increased (19). Reduction of the medication rate 
may promote the development of drug-resistant 
viruses. Therefore, education of patients by health 
care workers will become increasingly important. 
 In the present study, there were no instances 
of treatment failure due to changes in HAART 
regimens. Through appropriate changes in HAART 
regimens, it should be possible to avoid serious 
adverse effects, and to improve patient adherence. 
Furthermore, it is necessary to consider the adverse 
effects associated with long-term antiretroviral 
therapy, and reduction of adherence due to 
medication fatigue. Drug selection and regimen 
change should be performed in accordance with the 
long-term prognosis. 
 HAART is now an effective initial treatment 
for HIV-infected patients. From our study, we can 
be fairly certain that maintenance of patient 
adherence and avoidance of adverse effects for the 
treatment of HIV infection are key factors 
considering that the treatment must be continued 
throughout life, as it is important to keep the body’s 
viral count low. For successful treatment of HIV 
infection, it is essential to monitor parameters 
related to treatment efficacy, including the 
resistance on regimen, and to maintain adherence. 
Some studies of the duration of HAART regimens 
and regimen change have been reported from other 
countries (2,3,4), but reports from Japan have been 
lacking. In the present study, the duration of the 
HAART regimen was longer than that reported in 
other countries. A number of studies have reported 
disparities in the relationships between race/ 
ethnicity and adherence or adverse effects (20, 21, 
22). In particular, the incidence of TDF-associated 
renal dysfunction in Japanese patients is high 
because of their comparatively small body weight 
(22). In the present study, among the patients for 
whom the HAART regimen had to be changed 
because of adverse effects, TDF-associated renal 
dysfunction was the main reason. Therefore, we 
thought that differences in race/ethnicity would 
impact on adverse effects or adherence. 
Furthermore, there is a possibility that such 
differences would affect the duration of HAART 
regimens. Accordingly, we considered it important 
to evaluate the impact of regimen duration as well 

as outcomes after regimen change in our hospital. 
We found that TDF had been administered in many 
cases, and that TDF-associated renal dysfunction 
was the main reason for the HAART regimen 
change. Furthermore, we found that an appropriate 
regimen change normalized the laboratory data, and 
that the number of times anti-HIV drugs had to be 
taken per day was almost unaltered after the 
regimen change. No previously reported study has 
comprehensively evaluated the efficacy and safety 
of changes in HAART regimens, including the 
duration of the regimen as well as outcome after the 
regimen change. Therefore, we believe that our 
findings will make a significant contribution to 
medication planning for HIV-infected patients in 
the future. 
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