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ABSTRACT
Objective: The purpose of this study was to describe the occurrence of the M184V mutation in
a single clinic setting over a period of 10 years. We examined the combination Antiretroviral
Therapy (cART) being taken at the time of first identification of the M184V mutation as well
as Second Line Regimens (SLR) started immediately after the documentation of M184V. SLR
were evaluated for frequency and time to Virologic Suppression (VS) as well as frequency and
time to subsequent Virologic Failure (VF).
Design: This was a retrospective cohort study of all Human Immunodeficiency Virus (HIV)infected patients receiving care at the Washington University School of Medicine Infectious
Disease Clinic in St. Louis, MO, USA between January 2001 and June 2010.
Methods: Prevalence of the M184V mutation, ART regimen leading to M184V acquisition, and
outcomes of SLR in patients with M184V (as measured by time to initial VS and subsequent
VF on SLR) were analyzed in a retrospective cohort study of all HIV-infected persons receiving
care at a university clinic.
Results: Of 2500 screened clinic patients, 220 had an acquired MI184V mutation (8.8%).
There were 158(72%) male and 171(78%) African-American patients. The mean time from the
start of a regimen to the documented M184V mutation was 575(0-3253) days. Independent of
Nucleoside Reverse Transcriptase Inhibitor (NRTI) backbone, the mean time to development
of M184V in Non-Nucleoside Reverse Transcriptase Inhibitor (NNRTI) (n=109) and Protease
Inhibitor (PI) based (n=84) regimens was 538(+/- 556) and 622 (+/- 620) days, respectively
(p=0.325) approximately, 78% of patients achieved VS on a SLR in a mean of 179 days. Of
the 122(57%) of patients whose SLR retained FTC/3TC, VS was achieved in 80% compared
to 74% without FTC/3TC (p=0.285) with no significant difference in time to VS (152(+/- 187)
and 181(+/- 257) days respectively, p=0.406). There were no significant differences in achievement of VS in PI (n=158) and NNRTI (n=27) – based SLRs independent of the NRTI backbone,
76% vs. 78%, respectively (p=0.837) with a similar time to VS (180(+/- 228) vs. 128(+/- 158)
days, p=0.313). All patients on PI+Raltegravir (RAL) (n=10) and PI+NNRTI (n=12) – based
regimens achieved VS (vs. 76% in PI+2NRTI (p=0.078 and p=0.054, respectively). Regardless
of SLR, about 50% of each group experienced VF after VS with a similar time to failure.
Conclusions: M184V mutation developed in 9% of patients in a mean of 575 days with no
significant differences between ART regimens. Following initiation of an SLR, the majority of
patients achieved VS in approximately 179 days irrespective of the regimen. The addition of
3TC/FTC did not significantly affect VS. Although numbers were small, 100% of patients on
two fully active non-NRTI-backbone-based regimens attained VS. Approximately half of all
patients subsequently failed on SLR, regardless of regimen used, suggesting that the development of M184V is a marker of noncompliance to therapy.
KEYWORDS: HIV; Drug resistance; Lamivudine; Antiretroviral therapy; HIV drug resistance.
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ABBREVIATIONS: VS: Virologic Suppression; SLR: Second
Line Regimens; cART: combination Antiretroviral therapy; VF:
Virologic Failure; NRTI: Nucleoside Reverse Transcriptase Inhibitors; NNRTI: Non-Nucleoside Reverse Transcriptase Inhibitor; FTC: Emtricitabine; 3TC: Lamivudine; RAL: Raltegravir;
PI: Protease Inhibitor.
INTRODUCTION

Combination active antiretroviral therapy (cART),
consisting of 3 antiretroviral drugs from 2 or 3 classes, has reduced morbidity and mortality due to HIV-1 infection since its
introduction. Current guidelines for the treatment of HIV in naïve patients consists of 2 Nucleoside Reverse Transcriptase Inhibitors (NRTIs), plus either a Non-NRTI (NNRTI) or ritonavir
boosted Protease Inhibitor (PI) or integrase inhibitor.1 Due to
its tolerability, relative ease of administration, and availability
in fixed combination products, either lamivudine (3TC) or the
related drug emtricitabine (FTC) are a part of all recommended
initial cART regimens, and are commonly included in second
line regimens (SLR) after virologic failure (VF).1 However, lamivudine and emtricitabine have relatively low barriers to the
development of virologic resistance, most commonly through
the emergence of a single mutation in the reverse transcriptase
gene, M184V.2 Emergence of drug resistance is associated with
increased mortality in patients who receive first-line cART.3 An
estimated 5% of patients on cART develop genotypic resistance
after 1 year, 10% after 2 years, and almost 30% develop virologic failure (VF) with at least 1 major mutation within 6 years
of starting cART.3,4 Although the most common mutations are
to NNRTIs, which develop in approximately 50% of failing
regimens, resistance to 3TC and FTC via the single resistance
mutation, M184V, occurs in 35% of failing regimens.3-5 This
mutation impairs the fitness of the virus, and therefore discontinuation of 3TC/FTC in a regimen results in apparent reversion
to wild type genotype, although the mutation remains archived,
and will re-emerge once 3TC/FTC are restarted. Currently there
are no guidelines directing second line therapy after developing
the M184V mutation. Previous studies have demonstrated that
continuing to maintain FTC or 3TC in the backbone of the second line regimen (SLR) has similar activity to using regimens
with at least 2 other active NRTIs;6,7 several studies suggest that
SLR with protease inhibitors (PI) may be more effective.8,9 Several reports have suggested that failure of second line therapy
after developing M184V is due more to non-adherence, and not
primarily to virologic failure (VF),7,10 and that even the initial
failing regimen may be used if adherence is improved. The purpose of this study was to describe the occurrence of the M184V
mutation in a single clinic setting over a period of 10 years; to
examine second line therapy choices, regarding VS, time to VS,
and VF following virologic suppression (VS).
MATERIALS AND METHODS

This was a retrospective cohort study of all HIV-infected patients receiving care at the Washington University School
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of Medicine Infectious Disease Clinic in St. Louis, MO, USA
between January 2001 and June 2010. Prevalence of the M184V
mutation, outcomes of antiretroviral therapy in patients with
M184V, as measured by time to virologic suppression (VS) and
failure were analyzed. VS was defined as HIV viral load <400
copies/mL after initiation of SLR. VF was defined as VL>400
either after a period of VS or persistent HIV VL>400 for 6
months on a second line regimen (SLR). Differences between
the groups were compared using χ2 and Fisher exact test for categorical data and Mann-Whitney tests for continuous variables;
statistical significance was defined as P<0.05. The study was approved by Washington University School of Medicine Human
Research Protection Office.
RESULTS

Of 2500 screened clinic patients, 220 were identified as having acquired M184V mutation (9%). Similar to the
clinic population as a whole, 158(72%) patients were male and
171(78%) were African-Americans. HIV was acquired predominantly through sex, with 124 men reporting sex with men and 85
reporting only heterosexual encounters. Nine patients were injection drug users. Concurrent resistance to other antiretrovirals
was common, with 172 patients having other NRTI resistance,
136 with genotypic NNRTI resistance, and 35 with PI resistance.
The mean time from the start of a regimen to the documented
M184V mutation was 575(0-3253) days. There was a significant
difference in the time to development of M184V when 3TC was
used (mean 706 days, SD 673 days) compared to FTC (mean
394 days, SD 304 days) (p=0.002) (Figure 1). Despite changing
cART prescribing patterns over time, no significant differences
were seen in the time to develop M184V between different NRTI
backbone partners to 3TC or FTC (other NRTIs used included
zidovudine (AZT), tenofovir (TDF), abacavir (ABC), didanosine (ddI), stavudine (d4T)), and no significant differences were
seen between NNRTI or PI based regimens. The mean time to
development of M184V in NNRTI (n=109) and PI-based (n=84)
regimens was 538(±556) and 622(±620) days, respectively
(p=0.325).
Following initiation of an SLR, approximately 78% of
all study patients (n=171) achieved VS in a mean of 179 days. Of
the 122(57%) patients whose SLR retained FTC/3TC, VS was
achieved in 80% compared to 74% without FTC/3TC (p=0.285)
with no significant difference in mean time to VS (152(±187)
and 181(±257) days respectively, p=0.406). About 50% of these
groups experienced VF after VS with a similar time to failure
(273(±188) days vs. 221(±156) days) (p=1).
There were no significant differences in achievement of
VS in PI (n=158) and NNRTI (n=27) – based SLRs independent
of the NRTI backbone, 76% vs. 78%, respectively (p=0.837)
with a similar mean time to VS (180(±228) vs. 128(±158) days,
p=0.313). However, all patients with two non-NRTI class agents
in the regimen (PI+raltegravir (n=10) or PI+NNRTI (n=12))
achieved VS (vs. 76% in PI+2NRTI (p=0.078 and p=0.054, re-
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PI: Protease Inhibitor; NNRTI: Non nucleoside Reverse Transcriptase Inhibitor; 3TC:
Lamivudine; FTC: Emtricitabine.

PI: Protease Inhibitor; NNRTI: Non nucleoside Reverse Transcriptase Inhibitor; RAL:
Raltegravir

Figure 1: Time to the development of the M184V mutation.

Figure 2: Virologic suppression (VS) with second-line regimens (SLRs).

spectively) (Figure 2).
Of the 171 subjects that achieved virologic suppression
on SLR, 84 subsequently failed and 87 maintained suppression.
There were no differences in the regimens which maintained virological success versus those that that met the definition of virological failure. Fifty percent of the patients on PI-based SLRs
met virologic failure compared to 52% of patients on NNRTIbased regimens, 51% on PI+RAL, and 42% on PI+NNRTI. Of
the SLR regimens which failed, 22 had further Reverse Transcriptase (RT) resistance mutations, and 16 had further protease
resistance mutations.
DISCUSSION

Despite its early development as an antiviral, lamivudine, and its related drug emtricitabine, are among the most
successful and well-tolerated antiviral agents used in cART.
Resistance to these NRTI via the M184V mutation impairs viral fitness, but is extremely common. Despite this, all currently
recommended regimens for treatment-naïve patients include
either 3TC or FTC. A review of the literature does not reveal
guidelines, consensus, or much data recommending second-line
regimens after the development of the M184V mutation.
We examined the development and consequences of
the M184V mutation in patients seen in the Washington University Infectious Disease Clinic. Of the approximately 2500
unique patients seen from 2001-2010, the M184V mutation developed in 9% in a mean of 575 days with no significant differences between cART regimens. A difference was seen between
3TC and FTC in the development of M184V, which is potentially due to the different pharmacokinetics of the two agents, with
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FTC being more forgiving of intermittent adherence.11 However,
this difference might also be due to shifts in other antiretrovirals
given concurrently, as regimens containing 3TC (and especially
the use of the combination pill combivir or AZT/3TC) tended to
occur on average between 2003-2004, while regimens containing FTC (and especially the combination pill Truvada, or TDF/
FTC) tended to occur between 2007-2008. Following initiation
of a SLR, the majority of patients achieved VS in approximately
179 days irrespective of the regimen. There was no significant
benefit to the addition of 3TC/FTC as it did not significantly affect VS. Although numbers were small, 100% of patients on regimens containing two active agents in classes other than NRTIs
(i.e. PI+NNRTI or PI+RAL) were virologically suppressed. The
patients may or may not have been on a single active NRTI. This
may be due to increased potency of these regimens, although
studies of NRTI sparing regimens have not been proven to be
better than NRTI containing regimens in naïve patients.12-14 It is
possible that the use of additional drugs is beneficial in the setting of NRTI resistance. Alternatively, the additional pill burden
may have induced higher rates of adherence, at least upon initiation of the regimen.
Although the data presented in this study is observational, the fact that no significant differences were seen between
PI-based or NNRTI-based regimens, together with only an 80%
success rate in obtaining virologic suppression, a subsequent
50% failure rate of maintaining virologic suppression, and low
levels of further resistance mutations, suggests that failure of the
SLR is likely due to subsequent non-adherence. As it has been
shown in other studies, our data suggest that the appearance of
the M184V mutation warrants further discussion and emphasis
on strict adherence to the second line regimen regardless of how
it is structured. Although, numbers were small, 100% of patients
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on a fully active regimen containing two agents which are not in
the NRTI class were virologically suppressed, suggesting that
NRTI- sparing regimens may be preferable after the M184V mutation and other NRTI resistance mutations develop.
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