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Abstract

Aim—To gauge patient interest in receiving long-acting injectable nanoformulated antiretroviral
therapy.

Methods—Four hundred adult HIV-infected patients currently prescribed antiretroviral therapy
were surveyed. XZ tests were used for comparisons of interest across groups.

Results—Respondents were 68% male and 53% African—American, with a mean age of 47
years. Overall, 73% of patients indicated that they would definitely or probably try injectable
nanoformulated antiretroviral therapy; 61% with weekly dosing; 72% every 2 weekly; and 84%
monthly. In total, 48% indicated that they were very concerned about the possible side effects and
35% were very concerned about needle use.

Conclusion—The majority of respondents indicated that they definitely or probably would try
parenteral nanoformulated antiretroviral therapy.
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Combination antiretroviral therapy (ART) when taken consistently is effective at inhibiting
HIV replication, and preventing viral mutation and the development of drug resistance,
resulting in substantive reductions in morbidity and mortality for infected individuals [101].
However, there are still a number of limitations associated with traditional oral ART. Most
significantly, currently available therapies necessitate lifelong, daily dosing, and suboptimal
adherence places the patient at risk of treatment failure and viral resistance [1]. Moreover,
only zidovudine and enfuvirtide are available in a parenteral formulation [2]. This lack of
parenteral formulations is particularly relevant to patients who are critically ill, hospitalized,
or in the perioperative period and unable to take oral medications.

Preliminary investigations are underway to determine whether nanomedicines could
optimize antiretroviral drug adherence and decrease adverse effects [3]. Nanomedicines
contain crystalline drug particles of small diameter, coated with low-molecular-weight
excipients to produce specific sizes, charges and shapes that optimize cell and tissue
penetrance. The process of developing a nanomedicine is referred to as nanoformulation.
The term “nanoformulated ART’ (nano-ART) has been coined by our group to describe
nano-ART where hydrophobic drugs are made to target immune cells contained in
sustained-release carriers [4]. Nano-ART formulations are in development through
modifications of existing atazanavir, ritonavir and efavirenz suspensions [5]. The ability of
nano-ART to affect immune and antiviral responses before or following HIV-1 infection
was tested in immune-deficient mice reconstituted with human peripheral blood
lymphocytes. Here, weekly subcutaneous injections of nanoformulated drugs 1 day before,
and/or 1 and 7 days after viral exposure produced systemic drug concentrations that
paralleled those reported in humans, and produced reductions in virus load and preservation
of CD4 cells with limited toxicities [4]. In this mouse model, nano-ART proved more
effective than orally administered ART, and studies are ongoing in nonhuman primates,
making the availability of such formulations for human use a potential next step. Another
example is the parenteral administration of long-acting nanoformulated rilpivirine, which
has been evaluated in animal and human studies [6]. Following single-dose administration,
the plasma concentration profiles showed sustained release of rilpivirine over 3 months in
dogs and 3 weeks in mice. More recently, pharmacokinetics in plasma, genital tract in
females and rectal tissue in males were explored [7]. Long-acting nanoformulated rilpivirine
by single intramuscular injection exhibited prolonged plasma and genital tract exposure,
suggesting potential as an agent for use in pre-exposure prophylaxis.

Patient acceptance of, and interest in, this method of drug delivery is currently unknown.
This study was to gauge patient interest in the new drug-delivery system, as well as to
determine what patient characteristic(s) contribute to such interest. For example, substance-
abuse disorders are both highly correlated with non-adherence to oral regimens and common
among HIV-1-infected individuals, and have long been recognized as a risk factor for poor
adherence to treatment [8]. Therefore, HIV-infected patients with concomitant drug-abuse
disorders often have poor outcomes and, as a result, healthcare providers may be reluctant to
prescribe ART to patients actively using drugs, owing to potential promotion of virologic
resistance and viral transmission to uninfected contacts [9]. For this reason, we were
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particularly interested in patient acceptance of chronically administered parenteral ART, and
the influence of current or prior drug use on the level of interest.

English-speaking adult men and women with HIV infection who were prescribed ART at the
time were surveyed. Performance sites were the HIV clinics of the University of Nebraska
Medical Center (USA) and Johns Hopkins University (MD, USA). Eligible patients were
invited to participate as they attended clinic visits; there was no formal selection process.
The study was approved by the institutional review board of each institution.

A standardized five-page survey was developed (Supplementary Material; see online at
www.futuremedicine.com/doi/suppl/10.2217/NNM.12.214). The purpose of the survey was
to gauge patient interest in a new drug-delivery system and included questions about
patients’ current ART, adherence to the current regimen, and reasons for their interest in, or
concerns about, nano-ART. The survey also included patient demographics, source of
funding for healthcare and current, or prior, substance use. Adherence to ART was assessed
using 4-day recall, adapted from the validated questionnaire that was developed by the
AIDS Clinical Trials Group [10]. Enthusiasm for receiving nano-ART by subcutaneous
injection was graded on a four-point scale and by intervals between injection (once weekly,
every 2 weeks and every month). Respondents were also queried about their level of
enthusiasm regarding the cost of nano-ART and about possible concerns with the new
system, such as side effects, use of needles and change in daily routine.

The sample size was based on an estimation of the proportion of respondents who indicated
that they definitely or probably would try the new drug-delivery system. We used a
conservative, estimated, observed proportion of 0.50, which required 371 completed surveys
to produce a 95% confidence interval with a precision of 0.05. In order to allow for
incomplete surveys, 200 surveys were collected from each institution, giving a total of 400
surveys. The primary outcomes of interest in the new method overall, by frequency of
injection and by cost, along with the demographic characteristics of respondents and drug-
use history, were examined for the entire sample and by subgroups within the sample.
Subgroups included males and females, age groups, drug users and nonusers, those who
reported adherence to their medication schedule (i.e., never missed doses) and those who did
not.

The population was divided into three age groups: 18-39, 40-54 and more than 55 years old.
For the purposes of gender-based outcome comparisons, gender was limited to persons who
entered only ‘male’ or “female’ for the gender question. Drug users and nonusers were
defined in several ways. The first groups of users and nonusers were defined as those who
had used marijuana, cocaine, heroin, amphetamines or intravenous (iv.) drugs in the past 6
months versus those who had not. In the second grouping, drug users were limited to those
who had used cocaine, heroin, amphetamines or iv. drugs in the past 6 months (excluding
those who only used marijuana). The final group of users was limited only to persons who
had used iv. drugs in the past 6 months. For purposes of the analyses, medication adherence
was based on two questions from the survey. The first asked how many days out of the last 4
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days a respondent had missed all of the doses. Responses were dichotomized to values of 0
and 1-4 days. The second question asked for the last time a respondent missed a medication
dose. Responses were dichotomized to values of never and something other than never.
Comparisons of interest levels across groups were conducted using Mantel-Haenszel XZ
tests, with exact tests used where expected cell sizes were less than five.

Prior to the analyses, responses to some questions regarding drug use were imputed. The
first set of questions about drug use asked respondents to indicate for each drug in a list
whether they had used it within the past 6 months, had used it but not within the past 6
months, or had never used it. If a respondent answered for one or more drugs but left the
other drugs blank, ‘never used’ was assigned as a response to the blank responses. The
second area where imputation was applied was a pair of questions about iv. drug use: the
first asked whether the respondent had ever used iv. drugs, and the follow-up for those who
answered in the affirmative asked about use within the past 6 months. A few respondents
answered the iv. drug use in the past 6 months question without answering the iv. drug use
ever question. The “past 6 months’ question was intended to be a follow-up for those
respondents who answered “Yes’ to the ‘ever use’ question. In these cases, the 6-month
response (“Yes’ or ‘No”) was imputed as the ever-use response. Finally, some respondents
reported use in the past 6 months after reporting that they had never used. No changes were
made in these instances, so that in all of the analyses, usage within the past 6 months is
based upon the actual response to that question.

Four hundred respondents completed the survey between May and July 2011; one was
ineligible because the respondent was under 18 years of age and was excluded from the
analysis. Demographics of the 399 eligible respondents are given in Table 1. A total of 68%
of respondents were male, 53% were African—American and the mean age was 47 years old
(range: 18-71 years). Of respondents, 80% indicated ‘Government Funding’ as a source of
payment for their healthcare. The proportion of respondents who indicated that they had
never used drugs was 52% for cocaine, 76% for heroin and 77% for amphetamines;
however, 64% indicated marijuana use in the past and 23% in the last 6 months (Table 2).
Of respondents, 27% indicated iv. drug use ‘ever’, and 5% during the last 6 months.
Twenty-four (6%) respondents were currently in a methadone-maintenance program.
Regarding antiretroviral medication adherence, the majority of respondents (75%) stated that
they had not missed any doses in the past 4 days and 134 (35%) respondents answered that
they never skipped medications.

In response to questions about the likelihood of trying nano-ART by injection, 73% of
respondents stated that they would definitely or probably try the new method (95% CI: 68—
77) (Figure 1A). Breaking the results down by frequency of dosing, 61% of respondents
would still try the new method if it was as frequently as once per week (95% CI: 55-66),
72% for 2-week intervals (95% ClI: 67-76) and 84% with once-monthly dosing (95% CI:
80-89). Younger people indicated more willingness to try nano-ART compared with older
individuals (p = 0.03) (Figure 1B). There were no statistical differences by race or gender
(Figure 1C). Respondents who had missed ART doses in the past 4 days were more likely to
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try the new method when dosed once per week (p = 0.03), once every 2 weeks (p < 0.01)
and every month (p = 0.04) (Figure 1D). Those respondents who had ever missed a dose
were increasingly likely to try the new method as dosing became less frequent (p = 0.04 for
every 2 weeks and p = 0.01 for every month).

When cost was taken into consideration, respondents indicated that they probably would try
the new method if the cost was much less (82.3%), a little less (77.4%), the same amount
(73.2%), a little more (47%) or much more (28.4%) compared with their current regimen. Of
the 365 respondents who answered questions about drug use in the last 6 months, 171 out of
248 (69.0%) who indicated no drug use were definitely or probably interested in trying the
new method, which was significantly less than the proportion (93 out of 117; 79.5%) of
those who indicated drug use in the last 6 months who were definitely or probably interested
(p = 0.03) (Figure 2A). When marijuana was excluded, 225 out of 317 respondents (71.0%)
who indicated no drug use, and 39 out of 48 respondents (81.3%) who indicated drug use in
the last 6 months were definitely or probably interested in trying the new method (Figure
2A). Of iv. drug users who had used in the past 6 months, 100% would definitely try the
new method if dosed monthly, compared with 62% of nonusers (p = 0.04) (Figure 2B).

Overall, 177 respondents (48%) indicated that they were very concerned about possible side
effects and 122 (35%) were very concerned about needle use. Changing routine was only a
serious concern for 83 (24%) respondents. Details of respondents’ concerns about side
effects are shown in Table 3. When compared with males, female respondents were more
concerned about side effects (p < 0.01), about using needles (p = 0.01) and about change in
daily routine (p < 0.01), as were African—-Americans compared with whites (p = 0.01, p <
0.01 and p < 0.01, respectively). Iv. drug users who had used in the past 6 months were less
concerned about using needles than respondents who had not (p = 0.02). Regarding
adherence, those who had never missed a dose of medication were more concerned about
changing their daily routine than those who had missed a dose of medication (p = 0.01).

Discussion

In this first reported survey of patient interest in long-acting parenteral nano-ART, the
majority of respondents indicated that they definitely or probably would try it. Longer
dosing intervals attracted greater interest than shorter intervals. Patients who reported
missed ART doses and iv. drug users indicated increased interest, and may represent those
who would benefit most from this strategy to optimize adherence to ART. Respondents
expressed several concerns over trying the new method. Concerns included potential side
effects of the drugs, using needles and changing routine. These concerns varied somewhat
among groups, with females being most concerned, in general, and current or previous iv.
drug users being less concerned about the use of needles.

ART can be packaged into nanoformulated delivery vehicles. These systems have served to
improve clinical efficacy based on inherent abilities to extend drug circulating half-lives and
limit toxicity profiles [11,12]. The potential clinical applications for nanomedicines are quite
extensive, and range from tissue regeneration and repair to antimicrobial therapy and
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correction of metabolic disorders. For nano-ART, preserved sites for drug delivery are in the
reticuloendothelial system and the CNS: potential reservoirs for viral replication [13].

The promise of long-acting nano-ART is both extensive and substantive for treating HIV
disease. The potential to reduce side effects is yet another attraction for such therapeutic
delivery schemes. To realize the potential of nano-ART and make the transition from bench
to bedside, we must focus research efforts on using the cell-based carriage of drug
nanoparticles to improve clinical outcomes. Extensive works performed in both our own and
other laboratories have seen the realization of mononuclear phagocytes as depots and as
Trojan horses for drug nanoparticle delivery. Success was recently achieved in small animal
models of HIV/AIDS using subcutaneous delivery, although the volumes required and
potential injection-site reactions necessitate alternative injection schemes for human
translation [14,15]. However, one obstacle to realizing this goal rests in assessing the
interest in this new method of administration among our patients.

Despite limited familiarity with nanomedicine and concerns over potential adverse effects,
community survey recipients are, in general, optimistic and interested in the potential of
nanomedicine and nanotechnologies [16,17]. Novel applications of nanotechnology may
impact medical care in diagnostics, vaccine strategies and therapeutics. Issues in the
development of these approaches include an uncertain regulatory pathway, which may lead
to confusion in consumers who are unable to judge the relative risks and benefits of nano-
containing products. Inclusion of key stakeholders in the process is critical. The EU has an
action plan for nanosciences and nanotechnologies, including a recommendation for public
deliberation on the societal context [102]. Engagement and input from the community is
essential in the research and development of this rapidly growing field.

There are some limitations to this study. Of the population surveyed, the majority of
respondents were not drug abusers; however, the statistically significant difference in
responses between drug abusers and nonusers, as well as adherent and nonadherent
individuals, suggests that these populations would be interested in nano-ART. In relation to
data collection, we did not obtain recipient CD4 count or viral-load data, which may have
been useful when comparing interest between adherent and non-adherent individuals. It may
also be interesting to examine the attitudes of those not on ART.

Conclusion

Our survey gauged patient interest in receiving parenteral nano-ART and what patient
characteristics contributed to that interest. Not only were the majority of surveyed patients
interested in trying nano-ART, but interest increased among iv. drug users and patients with
suboptimal self-reported adherence, two important target populations for nano-ART.

Future perspective

In the absence of a cure for HIV infection, lifelong ART will probably remain the optimal
treatment strategy. An alternative to daily oral therapy is an urgent need. Nano-ART holds
great promise for improving adherence to treatment and minimizing adverse effects. A safe
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implementation of this emerging technology will probably pave the way, but community
input, confidence and support will prove vital for success.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1. Patient interest by timing of injections, respondent demographics and self-reported
adherence

Percentages of respondents who indicated that they definitely would, probably would,
probably would not or definitely would not be interested in trying nanoformulated parenteral
antiretroviral therapy (A) overall, (B) by age, (C) by race or gender and (D) by level of self-
reported adherence. The actual number of respondents to each specific question is included
in parentheses.
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Figure 2. Patient interest by drug use
Percentages of respondents who indicated that they definitely would, probably would,

probably would not or definitely would not be interested in trying nanoformulated parenteral
antiretroviral therapy by (A) drug use in the previous 6 months and by (B) intravenous drug
use in the previous 6 months. The actual number of respondents to each specific question is
included in parentheses.
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Table 1

Respondent demographics.

Parameter n (%); or
n (range)
Mean age in years 47 (18-71)
Gender
Male 269 (68)
Female 123 (31)
Transgender 4(1)
Race/ethnicity
African—American 210 (53)
Asian/Pacific Islander 1(<1)
Native American 4(1)
Other 2(1)
White 157 (40)
Hispanic 13(3)

How healthcareis paid for

Government-funded healthcare 316 (80)

Private health insurance 87 (22)

Self-pay 67 (24)

Self-reported adherence

Not missed in last 4 days 298 (75)
Missed in last 4 days 98 (25)

Ever missed 254 (66)
Never missed 134 (35)

I ntravenous drug use

Ever used 104 (27)
Never used 289 (74)
Used in past 6 months 20 (5)
Not used in past 6 months 358 (95)
Methadone treatment

Currently in treatment 24 (6)
Not currently in treatment 357 (94)
Ever in treatment 29 (11)
Never in treatment 243 (89)
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Table 2
Respondent drug use.
Drug Never used; Past use Used in past
n (%) >6 months ago; n (%) 6 months; n (%)
Marijuana 140 (36) 162 (42) 88 (23)
Cocaine 203 (52) 162 (42) 25 (6)
Heroin 295 (76) 81 (21) 14 (4)
Amphetamines 302 (77) 82 (21) 6(2)
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