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ABSTRACT

BACKGROUND: Although switching of antiretroviral therapy (ART) is a valid 
approach for addressing treatment failure in patients with human immuno-
deficiency virus (HIV), ART changes among those who are well maintained 
on their current regimens may lead to the development of new side effects 
or resistance.

OBJECTIVE: To examine the effect of first-line regimen switching on subse-
quent health care utilization and cost among stable HIV patients.

METHODS: This was a retrospective claims data study of adult patients 
with HIV who initiated ART between 2007 and 2013 and had been treated 
with their initial regimens for at least 6 continuous months. Those with 
evidence of pregnancy or HIV-2 were excluded. Patients who underwent 
an ART change were assigned to a switcher cohort; a nonswitcher cohort 
was then generated by matching up to 20 nonswitchers for each switcher, 
with replacement. The index date was the date of the first ART change for 
switchers and was the claim date closest to the corresponding switcher’s 
switch date for nonswitchers. Patient characteristics at baseline and post-
index annualized health care utilization and costs were analyzed descrip-
tively and with multivariable models. Analyses were performed in the full 
population and among patients designated as virologically stable (had 
undetectable viral ribonucleic acid [RNA] for 90 days pre-index) and viro-
logically and clinically stable (had undetectable viral RNA and no apparent 
clinical reason for switching ART).

RESULTS: The study population consisted of 6,983 individuals, which includ-
ed 927 switchers (168 virologically stable; 55 virologically+clinically stable), 
who were matched with replacement with 18,511 nonswitcher comparators. 
The switcher cohort was 88.8% male (mean age 43.8 years). Mean pre-
index and follow-up treatment durations for switchers and nonswitchers 
were 1.8 years and 1.5 years, respectively; demographic characteristics, 
pre-index treatment duration, and follow-up duration were similar between 
cohorts. Significantly more nonswitchers than switchers had a first-line 
efavirenz-based regimen (67.1% vs. 47.8%, P < 0.001). In the virologically 
stable subset, follow-up annualized health care utilization for switchers 
versus nonswitchers, respectively, was 14.8 versus 12.3 ambulatory visits 
(P < 0.05), 0.8 versus 0.9 emergency department visits (P = 0.652), and 
0.05 versus 0.05 inpatient hospitalizations (P = 0.915). Follow-up annual-
ized health care costs were $37,120 for switchers versus $31,771 for non-
switchers (P < 0.05), with the difference driven largely by pharmacy costs. 
Multivariable-adjusted follow-up annualized health care costs were 8.9% 
higher among switchers versus nonswitchers (P < 0.01), and switchers also 
had a shorter time to subsequent ART regimen change (P < 0.001). Results 
were similar for the virologically+clinically stable subset.

CONCLUSIONS: In this large, real-world population, stable patients with HIV 
who switched from their first-line ART regimens had significantly higher 
health care costs than those who did not change therapies, suggesting that 
ART regimen changes may be costly and should be undertaken only when 
clinically warranted.
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RESEARCH

Advances in antiretroviral therapy (ART) have rendered 
human immunodeficiency virus (HIV) infection a 
chronic disease; with effective treatment, individuals 

with HIV can now live a near-normal lifespan.1 Patients are 
generally initiated on a regimen that includes 2 nucleoside 
reverse transcriptase inhibitors (NRTIs) and 1 agent from 
another class of antiretroviral drugs (either a protease inhibi-
tor [PI] or an integrase strand transfer inhibitor, according to  

• Modern antiretroviral therapy (ART) now allows patients with 
human immunodeficiency virus (HIV) infection to live a near-
normal lifespan, but despite substantial improvements in the 
convenience and tolerability of ART regimens, challenges related 
to medication adherence and quality of life remain for some 
patients.

• ART regimen switching may be needed in patients with virologic 
failure to address antiviral resistance or in virally suppressed 
patients to manage drug toxicity, improve adherence, or reduce 
costs; however, regimen changes also carry the risk of new 
adverse events, drug interactions, or loss of virologic suppression.

• Some real-world studies have found that health care costs 
among patients with HIV increased after a switch to a second- 
or third-line regimen, but these studies were not confined to 
stable patients and were conducted before some currently recom-
mended therapies were on the market.

What is already known about this subject

• This study examined the effect of ART regimen switching on 
health care utilization and costs among stable HIV patients.

• Among virologically stable patients with HIV, adjusted follow-
up health care costs were 8.9% higher for those who switched 
regimens compared with those remaining on their first-line 
regimens, an increase driven almost exclusively by higher HIV-
related pharmacy costs.

• Time to next ART regimen change was shorter for switchers com-
pared with nonswitchers; although this could suggest decreased 
stability of virologic suppression, it is possible that patients who 
had already switched regimens were more open to considering a 
subsequent switch.

What this study adds
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individuals with commercial medical and pharmacy ben-
efit coverage and at least 1 day of enrollment between  
January 1, 2007, and December 31, 2013. The databases com-
prise a geographically diverse and representative U.S. commer-
cially insured population. Medical claims include diagnosis, 
procedure, revenue, and site of service codes. Outpatient phar-
macy claims include medications dispensed, with quantity, 
dose, and number of days supply. Laboratory test results are 
available for 30%-40% of patients in the databases and include 
Logical Observation Identifiers Names and Codes, vendor-
specific test codes, and result values. Since no protected health 
information was extracted or accessed during the course of this 
study, approval by an institutional review board or waiver of 
authorization was not required.

Study Sample Selection and Cohort Assignment
The study population consisted of commercial health plan 
enrollees initiating ART treatment between January 1, 2007, 
and December 31, 2013. The treatment initiation date was 
defined as the date of the first ART prescription fill preceded 
by a “clean” period of at least 6 months with no evidence of 
ART. The first-line ART regimen included all ART prescriptions 
filled within 14 days of the treatment initiation date. To be eli-
gible, patients must have initiated an ART regimen of 3 or more 
drugs that was recommended in the current U.S. Department 
of Health and Human Services treatment guidelines for HIV 
infection.2 Regimens included in previous versions of the 
guidelines at any time during the study period were also 
allowed. To exclude early switches that were more likely to 
be related to tolerability, patients must have been treated with 
the first-line regimen for at least 6 continuous months with no 
therapy changes. Additional inclusion requirements were age 
18 years or older; HIV diagnosis (International Classification of 
Diseases, Ninth Revision, Clinical Modification diagnosis codes 
042, 795.71, or V08) at any point during the study period; and 
complete demographic data (age, sex, and geographic region). 
Patients with evidence of pregnancy or HIV type 2 were 
excluded. Patient observation began on the treatment initia-
tion date and lasted until discontinuation of ART (defined as a 
gap in therapy of more than 90 days), disenrollment from the 
health plan, or June 30, 2014, whichever occurred first.

Patients who met the selection criteria were assigned to  
2 possible cohorts: a switcher cohort and a comparator 
cohort. Switchers included those who underwent a change in 
therapy—defined as a prescription fill for an anchor agent or 
NRTI backbone agent not included in the initial regimen—
after at least 6 months of treatment with their first-line ART 
regimen. For patients in the switcher cohort, the index date 
was the date of the first ART switch. All patients were eligible 
for inclusion in the comparator cohort from 6 months after the 
treatment initiation date up to the date of the first switch (for  

current guidelines).2 While highly effective, the drugs used 
in ART regimens may cause significant side effects, including 
rashes, insomnia, liver toxicity, renal or bone disease, gastroin-
testinal intolerance, lipid abnormalities, and increased cardio-
vascular disease risk, which must be considered in conjunction 
with patient history and comorbid conditions when choosing 
a treatment regimen.2 Adverse effects of ART can diminish 
quality of life and reduce adherence,3,4 which is a critical issue; 
because there is no cure for HIV infection, high lifetime ART 
adherence to achieve and maintain virologic suppression is 
requisite.5

ART regimen switching is a common approach for address-
ing virologic failure,2,6 but switching is also done in patients 
with sustained viral suppression to manage drug toxicity 
and interactions, improve adherence, or reduce costs.2 There 
is ample evidence that switching ART in virologically stable 
patients—for example, from boosted PIs to non-nucleoside 
reverse transcriptase inhibitors—can improve quality of life, 
reduce adverse effects, and improve metabolic profile while 
maintaining virologic control3,7-13; however, ART switches can 
also be associated with new adverse events and even lead to 
worse clinical outcomes.14,15 Moreover, treatment changes carry 
the possibility of more frequent office visits and overlapping 
prescriptions, which could increase health care costs. The 
decision to switch ART regimens thus requires careful con-
sideration and must be personalized to the medical and social 
history of each individual patient.

The results of many clinical trials examining the effect 
of ART switching are limited because they were conducted 
before currently recommended therapies were commercially 
available and were concerned primarily with metrics such 
as virologic suppression, adherence, and quality of life rather 
than economic assessment.7,12,16,17 More recent real-world stud-
ies have found that health care costs among patients with HIV 
increased after a switch to a second- or third-line regimen.18,19 
However, since these studies were not confined to stable 
patients, their results may reflect the higher costs of treating 
those with poorly controlled disease. Few recent studies have 
examined the effect of stable ART switching on subsequent 
health care utilization and costs.20 We thus sought to quantify 
the health care burden associated with therapy changes among 
HIV-positive patients who have longevity on their first-line 
ART regimens.

■■  Methods
Data Sources
This was a retrospective study using administrative claims 
data from the Optum Research Database and the Impact 
National Benchmark Database. These databases combined 
include enrollment information, medical and pharmacy claims, 
and laboratory test results for approximately 51.8 million  
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switchers) or the end of patient observation (for patients with-
out an observed switch). Up to 20 comparators of the same sex 
and initiation year were randomly selected, with replacement, 
for each switcher. For the comparator cohort, the index date 
was the closest claim date within 90 days of the corresponding 
switcher’s switch date. The baseline period was defined as the 
6 months before the index date. The follow-up period began on 
the index date and ended on the last day of patient observation. 
Patients in both cohorts were required to have at least 30 days 
of post-index follow-up.

Two comparator matches were performed: one each for the 
full population and the virologically stable subset. Nonswitcher 
comparators for the virologically stable subset had the added 
requirement of undetectable HCV ribonucleic acid (RNA) in 
the 90 days before the index date. 

Identification of Stable Patient Subsets
For the subset analyses, patients in the switcher and non-
switcher comparator cohorts who had an HIV RNA viral load 
test result in the 90 days before the index date were first identi-
fied and classified as virologically stable or unstable according 
to their HIV RNA status. Those with detectable HIV RNA were 
considered virologically unstable and excluded from subse-
quent analysis. The remaining patients were included in the 
virologically stable subset. The claims histories of the switch-
ers in this subset (from 90 days before the index date through 
30 days after the index date) were then subjected to a detailed 
review by authors AB, LB, JS, LR, and AVK to identify individu-
als with apparent clinical reasons for switching (Appendix A, 
available in online article). The information provided for this 
review included initial treatment regimen, age at treatment ini-
tiation, time on initial treatment regimen, pre-index cost trend, 
index year, switch regimen, diagnosis codes, procedure codes, 
prescription fills, and laboratory test results. Site of service 
and number of days from the index date were also provided 
for each claim. Patients for whom there was evidence that a 
therapy switch had occurred out of medical necessity (e.g., 
adverse event diagnosis codes or laboratory test abnormalities) 
were categorized as clinically unstable and excluded from sub-
sequent analysis; the remaining patients were included in the 
virologically + clinically stable subset (Figure 1).

Study Measures
Demographic and Clinical Characteristics. The pretreat-
ment Charlson comorbidity score was calculated on the basis 
of diagnosis codes from medical claims during the 6-month 
(minimum) clean period before the treatment initiation date.21 
The pre-index treatment duration was calculated as the num-
ber of days between treatment initiation and the index date. 
Characteristics assessed during the baseline period were age 
at index date, sex, geographic region, data source, first-line 

ART regimen, comorbidity based on the Charlson Comorbidity 
Index and Clinical Classifications Software from the Agency 
for Healthcare Research and Quality,22 medication use by 
American Hospital Formulary Service classification,23 and 
health care costs and cost trajectory. Treatment duration fol-
lowing the index date was also measured, and the second-line 
regimen was captured among patients who switched therapies.

Outcomes. Outcome variables were measured during the 
follow-up period. The primary outcomes were health care uti-
lization and costs for switchers compared with nonswitchers. 
The number of ambulatory, emergency department, and inpa-
tient visits and the duration of inpatient stays were captured to 
reflect health care utilization. Ambulatory visits were counted 
per provider per day. Health care costs were calculated as the 
combined actual health plan-paid and patient-paid amounts 
based on administrative claims from the index date through 
the end of the follow-up period, adjusted to 2014 U.S. dollars 
using the annual medical care component of the Consumer 
Price Index.24 Total health care costs were subdivided into 
pharmacy (all-cause and HIV-related) and medical costs; the 
medical category was further subdivided into ambulatory, 
emergency, inpatient, and other costs.

Statistical Analyses
All study variables were analyzed descriptively. Results were 
stratified by switcher versus nonswitcher cohorts, and the 
matched nonswitchers for each switcher were weighted to rep-
resent 1 participant. Bivariate comparisons were analyzed by 
paired t-tests for continuous variables and by chi-square tests 
for categorical variables. To control for possible confounding of 
the association between the primary cost outcome and inde-
pendent variables of interest—including ART regimen, index 
year, geographic region, sex, age, Charlson comorbidity score, 
and baseline health care costs—post-index annualized health 
care costs were analyzed with a multivariable cost model (gen-
eralized linear model with a gamma distribution and log link).

Kaplan-Meier analyses were performed to examine times 
to virologic failure and next regimen change in the switcher 
and nonswitcher cohorts. In the analysis examining time to 
next regimen change, data for patients without a second ART 
change were censored at the end of the observation period. 
Kaplan-Meier results were compared between cohorts using 
a product-limit estimate to account for weighting. All other 
P values were adjusted using a robust (sandwich) variance 
estimate to account for correlation caused by multiple observa-
tions per patient due to matching with replacement. Statistical 
significance was defined as P < 0.05. Statistical analyses were 
performed using SAS version 9.4 (SAS Institute, Cary, NC).  
P values were not adjusted for multiple comparisons.
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FIGURE 1 Sample Selection and Attrition Flow Diagram 

Pharmacy claim for any HIV ART from January 1, 2007, to December 31, 2013
N = 79,491

≥ 3 drugs in initial treatment regimen
n = 62,195 (78.2%)

HIV diagnosis
n =  55,343 (69.2%)

Exclusions (for switchers and nonswitchers)
•  Evidence of type 2 HIV (n = 2,029)
•  Discontinuous enrollment during 6 months before and after initial 
treatment date (n = 30,724)

•  ART before initial treatment date (n = 12,209)
•  Treatment with initial regimen for < 6 months (n = 2,948)
•  Not treated with 1 of top 18 regimens (n = 749)
•  Evidence of pregnancy or childbirth (n = 111)

Exclusions (for switchers only)
•  No evidence of ART switch (n = 6,056)

Eligibile patients
n = 6,983 (8.8%)

Evidence of ART switch
n = 967 (1.2%)

Aged ≥ 18 years on index date  
Continuously enrolled for ≥ 29 days 

after index date
n = 927 (1.2%)

Switchers
n = 927

Up to 1:20 match Matched nonswitchersa

n = 18,511

Virologically stable switchers  
(759 excluded for having detectable 
viral RNA ≤ 90 days before index date)

n = 168

aNonswitcher comparators were selected from among all patients who had not yet switched from their first-line ART regimens as of the switch date of the switcher they 
were being matched to. Because matching was conducted with replacement, the same patient may have been selected as the comparator for multiple switchers (albeit at dif-
ferent periods of time)—or if patients subsequently changed ART regimens, they could have become switchers with their own matched comparators. Weighting and robust 
analytics were used to account for this sampling strategy, which eliminates bias due to matching on future characteristics.
ART = antiretroviral therapy; HIV = human immunodeficiency virus; RNA=ribonucleic acid. 

Virologically + clinically stable switchers 
(113 excluded for having identifiable 

clinical reasons for switching)
n = 55

Up to 1:20 match Matched nonswitchers
n = 3,301

Up to 1:20 match Matched nonswitchers
n = 1,100
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■■  Results
Study Sample and Baseline Characteristics
Of 6,983 eligible patients, 927 (13.3%) had evidence of an 
ART switch during the observation period. Among these, 297 
(32.0%) had at least 1 HIV RNA test result available in the 90 
days before the index date; 129 of these 297 patients (43.4%) 
had detectable viral loads, while 168 (56.6%) were virally 
suppressed. Baseline patient demographics and clinical char-
acteristics are shown in Tables 1 and 2. The switcher cohort 
was 88.8% male, with a mean age of 43.8 years and a mean 
pre-index treatment duration of 1.8 years. 

Baseline demographic characteristics were similar between 
switchers and nonswitchers in the full population (Table 1). 
For baseline clinical characteristics, however, significantly 
more switchers than nonswitchers had a Charlson comor-
bidity score of 5 or greater (16.9% vs. 12.9%, P < 0.001), 
whereas more nonswitchers had scores of 0 (15.0% vs. 10.0%, 
P < 0.001) or 1-2 (1.1% vs. 0.3%, P = 0.040). Switchers were also  

significantly more likely than nonswitchers to have an initial 
ART regimen with a backbone of atazanavir/ritonavir (14.9% vs. 
7.8%, P < 0.001) or raltegravir (8.2% vs. 5.2%, P < 0.001), whereas 
more nonswitchers had initiated efavirenz-based regimens  
(67.1% vs. 47.8%, P < 0.001; Table 2).

In the virologically stable and virologically + clinically stable 
subsets, the Charlson comorbidity score was not significantly 
different between switchers and nonswitchers; however, other 
differences in baseline demographic and clinical characteristics 
were similar to those seen in the full population (Tables 1 and 2).

Health Care Utilization and Costs
In the full population, follow-up annualized health care utili-
zation per patient for switchers versus nonswitchers was 14.7 
versus 11.6 ambulatory visits (P < 0.001), 0.9 versus 0.6 emer-
gency department visits (P = 0.027), and 0.1 versus 0.1 inpatient 
hospital stays (P = 0.120; Table 3). The length of inpatient stays 
was not statistically different for switchers and nonswitchers 
(11.2 days vs. 8.7 days, P = 0.485). 

Characteristic

Full Population Virologically Stable Virologically + Clinically Stable

Switchers 
(n = 927)

Nonswitchersa 

(n = 18,511, 
weighted 
n = 927) P Valueb

Switchers 
(n = 168)

Nonswitchersa 
(n = 3,301, 
weighted 
n = 168) P Valueb

Switchers 
(n = 55)

Nonswitchersa 

(n = 1,100, 
weighted 

n = 55) P Valueb

Age at index date, mean (SD)  43.8 (9.6)  43.3 (10.0)  0.133  44.3 (9.6)  43.4 (10.0)  0.250  42.3 (10.6)  42.9 (9.7)  0.673
Age category at index date, years, n (%)c

18-44  476 (51.4)  493 (53.2)  0.272  85 (50.6)  89 (53.2)  0.507  33 (60.0)  30 (55.1)  0.477
45-64  444 (47.9)  421 (45.4)  0.137  81 (48.2)  76 (45.4)  0.482  21 (38.2)  24 (44.2)  0.385
65+  7 (0.8)  13 (1.4)  0.102  2 (1.2)  2 (1.3)  0.876  1 (1.8)  0 (0.7)  0.392
Male sex, n (%)c  823 (88.8)  823 (88.8) –  146 (86.9)  146 (86.9) –  49 (89.1)  49 (89.1) –
Geographic region, n (%)c

Northeast  262 (28.3)  278 (29.9)  0.280  22 (13.1)  34 (20.2)  0.026  9 (16.4)  12 (20.9)  0.423
Midwest  123 (13.3)  125 (13.4)  0.880  5 (3.0)  8 (4.7)  0.308  1 (1.8)  2 (4.4)  0.379
South  437 (47.1)  427 (46.1)  0.524  108 (64.3)  106 (63.0)  0.735  35 (63.6)  33 (60.6)  0.659
West  105 (11.3)  98 (10.6)  0.452  33 (19.6)  20 (12.1)  0.004  10 (18.2)  8 (14.1)  0.399
Index year, n (%)c

2007  20 (2.2)  18 (2.0)  0.649  1 (0.6)  2 (1.1)  0.562  0 (0.0)  1 (1.2) –
2008  84 (9.1)  90 (9.7)  0.525  9 (5.4)  10 (5.7)  0.845  3 (5.5)  3 (5.5) –
2009  116 (12.5)  108 (11.7)  0.446  21 (12.5)  20 (11.9)  0.799  4 (7.3)  3 (5.5)  0.567
2010  118 (12.7)  128 (13.9)  0.331  23 (13.7)  21 (12.3)  0.591  7 (12.7)  7 (12.0)  0.872
2011  131 (14.1)  129 (13.9)  0.853  18 (10.7)  17 (10.0)  0.771  4 (7.3)  4 (6.9)  0.918
2012  173 (18.7)  166 (18.0)  0.582  20 (11.9)  25 (14.9)  0.292  7 (12.7)  9 (15.8)  0.540
2013  192 (20.7)  199 (21.5)  0.568  42 (25.0)  45 (26.6)  0.656  16 (29.1)  20 (35.9)  0.308
2014  93 (10.0)  87 (9.4)  0.547  34 (20.2)  30 (17.6)  0.387  14 (25.5)  10 (17.3)  0.126
Data source, n (%)c

ORD  657 (70.9)  657 (70.9)
 0.977

 154 (91.7)  151 (89.9)
 0.457

 50 (90.9)  49 (89.9)
 0.812

Impact  270 (29.1)  270 (29.1)  14 (8.3)  17 (10.1)  5 (9.1)  6 (10.1)
aMeans, SDs, counts, and percentages for nonswitchers are weighted and normalized to the matched switcher cohort.
bP values are adjusted using a robust (sandwich) variance estimate to account for correlation due to multiple observations per patient.
cBecause of rounding, percentages may not sum to 100%.
ORD = Optum Research Database; SD = standard deviation.

TABLE 1 Baseline Demographic Characteristics
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Among virologically + clinically stable patients, follow-
up annualized health care utilization per patient was not  
significantly different between cohorts (Table 3). Only phar-
macy costs were significantly higher for switchers versus  
nonswitchers ($29,205 vs. $26,351, P = 0.001; Figure 2), with 
HIV-related medications accounting for 96% ($28,148/$29,205) 
and 92% ($24,338/$26,351) of pharmacy costs among switch-
ers and nonswitchers, respectively.

After adjustment for demographics, initial ART regimen, pre-
treatment comorbidities, and baseline health care costs, follow-
up annualized health care costs per patient in the full popula-
tion were 10.9% higher among switchers versus nonswitchers 
(cost ratio [CR] = 1.109, 95% confidence interval [CI] = 1.058-
1.161; Table 3). The subset analyses yielded similar results; 
adjusted costs for switchers versus nonswitchers were 8.9% 
higher among virologically stable patients (CR = 1.089, 95% 
CI = 1.026-1.155) and 10.0% higher among virologically + clini-
cally stable patients (CR = 1.100, 95% CI = 1.015-1.191).

Times to Virologic Failure and Next ART Regimen Change
Kaplan-Meier analysis revealed that time to virologic failure 
was shorter among switchers than nonswitchers in the full 
population (P < 0.001; Appendix B1, available in online article); 
however, this difference was not statistically significant in 

Mean annualized health care costs per patient were 20.0% 
higher for switchers than for nonswitchers ($37,641 vs. $31,355; 
P < 0.001; Figure 2). When total health care costs were subdi-
vided, switchers had significantly higher costs than nonswitch-
ers for pharmacy ($28,287 vs. $24,758, P < 0.001), ambulatory 
($4,993 vs. $3,770, P = 0.008), and emergency ($243 vs. $167, 
P = 0.011) categories. By far, the largest proportion of pharmacy 
costs were attributable to HIV-related medications compared 
with all other medication types (89% [$25,061/$28,287] for 
switchers, 93% [$22,949/$24,758] for nonswitchers; Figure 2).

In the virologically stable subset, follow-up annualized 
health care utilization per patient was significantly different 
for switchers versus nonswitchers only for the ambulatory cat-
egory (14.8 visits vs. 12.3 visits, P = 0.049; Table 3). Trends in 
follow-up annualized health care costs per patient were similar 
to those for the full population (Figure 2); however, only total 
and pharmacy costs were significantly higher for switch-
ers versus nonswitchers ($37,120 vs. $31,771 for total costs, 
$30,724 vs. 26,313 for pharmacy costs; P = 0.006 for both). 
HIV-related medications again constituted the vast proportion 
of pharmacy costs compared with all other medication types; 
the percentage of pharmacy costs attributable to HIV-related 
medications was 85% ($26,091/$30,724) among switchers and 
92% ($24,213/$26,313) for nonswitchers (Figure 2).

Characteristic

Full Population Virologically Stable Virologically + Clinically Stable

Switchers 
(n = 927)

Nonswitchersa 
(n = 18,511, 
weighted 
n = 927) P Valueb

Switchers 
(n = 168)

Nonswitchersa  
(n = 3,301, 
weighted 
n = 168) P Valueb

Switchers 
(n = 55)

Nonswitchersa 
(n = 1,100, 
weighted  
(n = 55) P Valueb

Charlson comorbidity score category, n (%)c

0  93 (10.0)  139 (15.0) < 0.001  15 (8.9)  18 (10.9) 0.441  10 (18.2)  6 (10.2) 0.068
1-2  3 (0.3)  10 (1.1) 0.040  2 (1.2)  1 (0.8) 0.634  1 (1.8)  1 (1.0) 0.568
3-4  674 (72.7)  658 (71.0) 0.267  118 (70.2)  124 (73.6) 0.339  40 (72.7)  42 (75.6) 0.639
5+  157 (16.9)  120 (12.9) < 0.001  33 (19.6)  25 (14.7) 0.085  4 (7.3)  7 (13.3) 0.207
Years of treatment pre-index,  
mean (SD)

 1.8 (1.2)  1.8 (1.2) 0.962  2.0 (1.1)  2.0 (1.1) 0.991  1.9 (1.1)  1.9 (1.1) 0.996

Antiretroviral treatment regimen,d n (%)c

EFV + TDF + FTC  400 (43.2)  603 (65.1) <  0.001  71 (42.3)  106 (63.2) < 0.001  14 (25.5)  34 (61.3) < 0.001
ATV/r + TDF + FTC  127 (14.9)  63 (7.8) < 0.001  25 (14.9)  8 (4.8) < 0.001  12 (21.8)  3 (4.9) < 0.001
RAL + TDF + FTC  76 (8.2)  48 (5.2) < 0.001  13 (7.7)  9 (5.3) 0.178  9 (16.4)  3 (5.4) 0.001
DRV/r + TDF + FTC  62 (6.7)  43 (4.7) 0.005  7 (4.2)  10 (5.7) 0.425  3 (5.5)  3 (5.6) 0.955
LPV/r + TDF + FTC  77 (8.3)  25 (2.7) < 0.001  17 (10.1)  4 (2.4) < 0.001  5 (9.1)  1 (2.3) 0.004
RPV + TDF + FTC  25 (2.7)  37 (4.0) 0.049  4 (2.4)  10 (6.1) 0.053  2 (3.6)  4 (7.9) 0.257
NVP + TDF + FTC  26 (2.8)  18 (1.9) 0.056  5 (3.0)  5 (3.0) 0.987  2 (3.6)  2 (3.2) 0.852
EFV + AZT + LAM  25 (2.7)  9 (1.0) < 0.001  3 (1.8)  2 (1.2) 0.470  2 (3.6)  0 (0.8) 0.029
aMeans, SDs, counts, and percentages for nonswitchers are weighted and normalized to the matched switcher cohort.
bP values are adjusted using a robust (sandwich) variance estimate to account for correlation due to multiple observations per patient.
cBecause of rounding, percentages may not sum to 100%.
dOnly regimens used by ≥ 2.0% of the full study population are listed.
ATV = atazanavir; AZT = azidothymidine; DRV = darunavir; EFV = efavirenz; FTC = emtricitabine; LAM = lamivudine; LPV = lopinavir; NVP = nevirapine; r = low-dose  
ritonavir; RAL = raltegravir; RPV = rilpivirine; SD = standard deviation; TDF = tenofovir disoproxil fumarate.

TABLE 2 Baseline Clinical Characteristics
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higher in the virologically stable subset ($37,120 vs. $31,771) 
but not significantly different in the virologically + clinically 
stable subset. After adjustment for ART regimen, demographic 
data, comorbidities, and baseline total health care costs, follow-
up costs were significantly higher among switchers: 8.9% 
higher in the virologically stable subset and 10.0% higher in 
the virologically + clinically stable subset ($35,779 vs. $32,868 
and $35,297 vs. $32,096, respectively).

While peer-reviewed studies of the economic effect of ART 
switching are extremely limited—particularly regarding claims 
database analyses—our results are comparable to those of 
Solem et al. (2014), who found that covariate-adjusted annu-
alized health care costs for patients with HIV were $28,861 
for the initial treatment regimen and $35,805 after a switch 
to second-line therapy.19 This 24% increase was much steeper 
than that observed in our study; however, viral load data were 
not available for the Solem et al. sample, and patients were 
required to have been on their initial regimens for only 90 
days (vs. 6 months in our study). The Solem et al. analysis thus 
may have contained a higher proportion of patients with poorly 
controlled disease compared with our virally suppressed sub-
sets, which could substantially increase costs.

In contrast to our results, Llibre et al. (2013) found that 
ART switching among virally suppressed patients resulted in 
significant cost savings while maintaining virologic control in 
about 98% of patients.20 However, their study was undertaken 
specifically to assess the effect of cost reduction measures insti-
tuted in one Spanish hospital. Not only were switches to more 
expensive therapies excluded from the analysis, but therapy 
adjustments were made by a collaborative medical team that 

either of the virologically stable subsets (Appendix B3 and 
B5, respectively; P > 0.05 for both). Time to next ART regimen 
change was significantly shorter among switchers than non-
switchers in the full population and in the virologically stable 
and virologically + clinically stable subsets (Appendix B2, B4, 
and B6, respectively; P < 0.001 for all).

■■  Discussion
This real-world analysis was designed to assess the health 
care burden associated with changes in ART therapy among 
HIV-positive patients who had longevity on their first-line regi-
mens. Among virologically stable patients, those who switched 
therapies had higher total health care costs compared with 
nonswitchers; this difference remained significant after adjust-
ment for potential confounders. The observed cost increase was 
driven primarily by higher pharmacy costs, which were domi-
nated by HIV-related medication costs. These findings support 
the hypothesis that ART switching among stable patients with 
HIV may not confer economic benefit.

Although most baseline characteristics were similar between 
study cohorts, comorbidity burden was higher among switch-
ers in the full population. Furthermore, over 43% of the 297 
patients with available HIV RNA test results were found to 
have detectable viral loads. These findings suggest that results 
of the full-population analysis were likely confounded by the 
presence of patients with overall poorer health or lack of viral 
suppression, so analysis of the virologically stable subsets with 
more similar comorbidity burden between cohorts is more clin-
ically relevant. Follow-up unadjusted annualized health care 
costs among ART switchers versus nonswitchers were 16.8% 

Full Population Virologically Stable Virologically + Clinically Stable

Switchers 
(n = 927)

Nonswitchers 
(n = 18,511, 
weighted 
n = 927)

95% CI or 
P Valuea

Switchers 
(n = 168)

Nonswitchers 
(n = 3,301, 
weighted 
n = 168)

95% CI or 
P Valuea

Switchers 
(n = 55)

Nonswitchers 
(n = 1,100, 
weighted 

n = 55)
95% CI or 
P Valuea

Health care utilization, mean (SD)b

Ambulatory visits  14.7 (15.6)  11.6 (13.6) < 0.001  14.8 (16.4)  12.3 (13.7) 0.049  12.1 (11.2)  12.1 (13.2) 0.979
Emergency visits  0.9 (3.4)  0.6 (3.3) 0.027  0.8 (2.7)  0.9 (4.8) 0.652  0.5 (1.4)  0.8 (3.4) 0.193
Inpatient visits  0.1 (0.6)  0.1 (0.6) 0.120  0.1 (0.3)  0.1 (0.3) 0.915  0.1 (0.3)  0.1 (0.4) 0.365
Length of inpatient  
visits in days

 11.2 (32.7)  8.7 (40.5) 0.485  7.9 (11.4)  4.6 (9.3) 0.346  6.8 (6.5)  4.2 (7.5) 0.366

Cost ratioc,d 1.109 – 1.058-1.161e 1.089 – 1.026-1.155e 1.100 – 1.105-1.191e

Adjusted costsc,d $36,035 $32,507 < 0.001 $35,779 $32,868 0.005 $35,297 $32,096 0.020
aP values are given unless otherwise indicated.
bMeans and SDs are weighted and normalized to the matched switcher cohort. P values are adjusted using a robust (sandwich) variance estimate to account for correlation 
due to multiple observations per patient.
cAdjusted for initial ART regimen, index year, geographic region, sex, age, Charlson comorbidity score, and baseline health care costs.
dObservations read = 19,438 (927 switchers, 18,511 nonswitchers) for the full population; 3,469 (168 switchers, 3,301 nonswitchers) for the virologically stable cohort; and 1,155 
(55 switchers, 1,100 nonswitchers) for the virologically + clinically stable cohort. Nonswitchers were weighted to represent a single nonswitcher comparator for each switcher.
e95% CI.
ART = antiretroviral therapy; CI = confidence interval; SD = standard deviation. 

TABLE 3 Follow-up Annualized Health Care Utilization and Adjusted Health Care Costs Per Patient
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was well apprised of the program goals and whose decisions 
were bound by criteria established to maintain treatment safety 
and efficacy. Our study, on the other hand, used claims data 
from large numbers of patients visiting different health care 
providers across the United States, so definitive reasons for 
therapy changes were unknown and any number of factors 
may have come into play: cost, tolerance, convenience, adher-
ence, or even the simple allure of a novel drug’s arrival on the 
market. Although Llibre et al. showed that ART switching can 
be cost-effective, the disparity between their results and ours 
underscores the careful consideration with which therapy 
changes must be undertaken in order to derive clinically and 
economically beneficial outcomes.

Most studies of HIV therapy economics conclude that 
pharmacy costs represent the largest share of health care costs 
for patients with HIV, and our study is no exception.19,25,26 

Pharmacy costs among virologically stable patients were 

significantly higher for switchers, constituting 84% of total 
health care costs for switchers and 81% for nonswitchers. 
Importantly, the vast majority of these costs were attribut-
able to HIV-related medications, with HIV-related pharmacy 
costs significantly higher for switchers versus nonswitchers 
in all cohorts. Although the number of ambulatory visits was 
slightly higher for switchers versus nonswitchers in the viro-
logically stable subset, ambulatory costs were not significantly 
different between cohorts in either of the subset analyses. In 
a previous report, Martin et al. (2007) suggested that incre-
mental costs associated with the number of ART switches 
were predominantly due to the occurrence of side effects and 
other health care-related costs.25 However, considering that we 
observed no significant switching-associated cost increases in 
nonpharmacy categories among virologically stable patients, 
this does not appear to have been a major factor in our study. 
Taken together, our findings suggest that increased health care 

FIGURE 2 Follow-up Annualized Health Care Costs Per Patient, Mean (SD) 
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Pharmacy  28,287b (15,548)  24,758b (9,725)  30,724c (21,741)  26,313c (10,576)  29,205d (6,289)  26,351d (10,225)
HIV-related pharmacy  25,061b (9,361)  22,949b (7,153)  26,091d (7,443)  24,213d (6,886)  28,148b (6,016)  24,338b (6,529)

Ambulatory  4,993c (14,103)  3,770c (11,677)  3,845 (6,231)  3,545 (10,585)  2,711 (3,315)  3,305 (8,138)
Emergency  243c (913)  167c (734)  138 (467)  168 (867)  195 (623)  173 (778)
Inpatient  3,257 (23,727)  1,823 (21,912)  1,477 (9,868)  873 (7,104)  3,049 (13,953)  756 (7,876)
Other medical  861 (3,758)  836 (8,892)  936 (2,592)  872 (7,195)  966 (2,931)  909 (7,453)
aOther pharmacy costs were calculated by subtracting HIV-related pharmacy costs from total pharmacy costs.
bP < 0.001 (for switchers vs. nonswitchers within each population).
cP < 0.05 (for switchers vs. nonswitchers within each population).
dP = 0.001 (for switchers vs. nonswitchers within each population).
SD = standard deviation.
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costs for stable switchers are caused primarily by the use of 
more expensive drugs, prescription overlap, or other phenom-
ena related to the switch itself (e.g., requisite office visits or 
laboratory tests). Moreover, these findings raise the question 
of what, if any, benefit was derived from ART changes in this 
study—particularly among patients with no apparent clinical 
reason for switching. Further research assessing post-switch 
comorbidity burden and ART treatment patterns, which were 
not analyzed in this study, may help verify the reasons for 
therapy changes and subsequent increases in pharmacy costs.

Exploratory analyses revealed that among switchers in the 
virologically stable and virologically + clinically stable subsets, 
time to next ART regimen change was significantly shorter 
compared with nonswitchers. Although this could suggest 
decreased stability of virologic suppression among switch-
ers, we cannot discount the possibility that patients who had 
already switched regimens may have been more open to con-
sidering a subsequent switch.

The dramatic expansion of ART options over the years has 
made it possible to achieve and maintain virologic suppres-
sion in more patients than ever before; nevertheless, switch-
ing therapies can lead to unanticipated outcomes such as new 
drug tolerability issues, drug interactions, or loss of virologic 
control.14,15,27,28 In one study, patients with HIV who switched 
to a second-line therapy while virally suppressed were nearly 
3 times more likely than nonswitchers to suffer subsequent 
virologic failure.28 Given these possibilities, decision making 
in clinical practice should be based on solid evidence from 
clinical trials.6 However, because the number of patients who 
experience virologic failure has fallen drastically thanks to 
improvements in drug efficacy, ART switching trials are often 
conducted among virologically stable patients, with an endpoint 
of virologic noninferiority (typically defined as 95% confidence 
that the tested drug is at least 88%-90% as effective as the 
comparator).27 Some regimens may thus be less effective in the 
real world than they are in clinical trials.27 This observation, in 
conjunction with our findings that switching from the first-line 
ART regimen is associated with increased health care costs (and 
possibly with shorter time to virologic failure) among virally 
suppressed patients, bolsters the argument that ART changes 
should not be considered without a clear clinical reason.

Treating HIV is expensive, and ART medications account 
for a substantial proportion of HIV-related medical costs.19,25,26 

Although maintenance of virologic suppression with minimal 
adverse effects is of paramount importance in determining a 
therapeutic strategy for treating patients with HIV, the parallel  
necessity of cost management is becoming increasingly evi-
dent, particularly in light of the ballooning economic burden 
of health care in the United States. Our findings suggest that 
switching ART in stable patients only when there is clear 
clinical need may help curtail unnecessary expense—a critical 
consideration as the lifetime costs of HIV treatment continue to 
rise with the aging of the HIV-positive population.29

Limitations
Our findings should be interpreted in light of certain limita-
tions inherent to claims-based analyses. Because this study 
was conducted in a large U.S. managed care population among 
a subset of patients meeting the inclusion criteria, the results 
may not be generalizable to other populations (e.g., patients 
who are uninsured or share other similarities with those 
excluded from the analysis). The presence of a diagnosis code 
on a medical claim does not prove the presence of disease, 
since diagnoses may be coded incorrectly or included as rule-
out criteria. Furthermore, pharmacy claims do not indicate 
whether medication was taken as prescribed, and medications 
provided as samples by a health care provider or as part of a 
clinical trial are not accounted for in claims data.

Identification of stable patients in this study could only be 
inferred from the information available in the administrative 
claims and linked laboratory results. Although the requirement 
that patients be treated with their initial ART regimen for at 
least 6 months was intended to increase the proportion with no 
clinical reason to switch therapies, we found that a substantial 
number of switchers in the full population had detectable viral 
loads, which reduced the clinical relevance of the full-population  
analysis. For the subanalyses of virologically suppressed patients, 
only those with available lab results were considered. This 
sample size limitation may have resulted in insufficient power to 
detect significant results; moreover, the comparability of patients 
with and without available virologic test results is not known. 
Finally, some patients in the virologically + clinical stable subset 
may have been misclassified if their clinical reasons for switch-
ing therapies were unobservable in the claims data.

■■  Conclusions
Patients with HIV who switched regimens after having been 
stable on their first-line ART had significantly higher down-
stream costs than those who did not switch. The observed 
health care cost increases were driven mostly by higher 
HIV-related pharmacy costs. Our findings suggest that ART 
switches among stable patients may be costly and should be 
undertaken only when clinically warranted.
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APPENDIX A Guidance for Categorizing Switchers as Unstable

Switch From Switch To Clinical Criteria for “Unstable” Categorization

TDF + FTC ABC + 3TC Poor renal function (GFR < 60, renal secondary hypertension, chronic kidney 
disease, renal failure, Fanconi syndrome); bone fracture; osteoporosis

ABC + 3TC TDF + FTC Heart disease (coronary artery disease, congestive heart failure)
PI Non-PI Hypercholesterolemia, nephrolithiasis, kidney dysfunction (except when switching 

from DRV), jaundice (when switching from ATV only), testicular hypofunction, 
abnormal blood glucose

ATV Non-PI Hyperbilirubinemia, if coupled with clinical diagnosis indicating jaundice,  
icterus, etc.

EFV Integrase, RPV Dyslipidemia
EFV Integrase, RPV, PI Anxiety, depression, sleep disturbance, migraine
NVP Any Abnormal liver function test, hepatitis
EFV or boosted PI RAL, DTG, RPV, NVP, ATV 

(unboosted)
Hypercholesterolemia

Any MVC, T-20, nucleotide/
nucleoside-sparing, or other 
nonstandard regimen

Any

Trizivir Standard regimen (anchor + 2 
backbone)

Switch likely recommended to choose better therapy options and eliminate ZDV

ZDV Standard regimen (anchor + 2 
backbone)

Switch likely recommended to eliminate ZDV

ABC = abacavir; ATV = atazanavir; DRV = darunavir; DTG = dolutegravir; EFV = efavirenz; FTC = emtricitabine; GFR = glomerular filtration rate; MVC = maraviroc;  
NVP = nevirapine; PI = protease inhibitor; RAL = raltegravir; RPV = rilpivirine; T-20 = enfuvirtide; 3TC = lamivudine; TDF = tenofovir disoproxil fumarate; ZDV = zidovudine. 
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APPENDIX B Kaplan-Meier Analyses of Time to Virologic Failure and Time to Next ART Regimen Change 

Note: For graphs 2, 4, and 6, data were censored at the end of the observation period for patients without a second regimen change. Because matching was conducted with 
replacement, patients in the nonswitcher cohort who subsequently changed ART regimens could have become switchers (with their own matched comparators).
ART = antiretroviral therapy.

1. Time to Virologic Failure: Full Population 2. Time to Next ART Regimen Change: Full Population

3. Time to Virologic Failure: Virologically Stable 4. Time to Next ART Regimen Change: Virologically Stable

5. Time to Virologic Failure: Virologically + Clinically Stable 6. Time to Next ART Regimen Change: Virologically + Clinically 
Stable
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