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Consider the case of a 37-year-old man who was diagnosed 
with HIV and hepatitis C virus (HCV) infections in the 1990s. He 
had a nadir CD4+ cell count of 9 cells/µL and presented with 
Mycobacterium avium complex and Pneumocystis jiroveci 
pneumonia. Since his HIV diagnosis, initiation of antiretro-
viral therapy, and treatment of his opportunistic infections, 
he has lived well with HIV disease. He was infected with HCV 
genotype 1b and had a plasma HCV RNA level of 1.2 million 
IU/mL on presentation. A liver biopsy in 2009, when he was 
31 years of age, showed signs of cirrhosis, although he has no 
history of alcohol use or liver decompensation. He had por-
tal hypertension with thrombocytopenia, splenomegaly, and 
portal gastropathy (at his last esophagogastroduodenoscopy 
in March 2014). He was immune to hepatitis A and B viruses 
by prior immunization. 

The finding of cirrhosis at what should be a relatively 
early stage of HCV disease in a young man with no history 
of alcohol use is surprising and raises questions: What other 
end-organ diseases should be considered in an individual 
with chronic HCV? What does a sustained virologic response 
(SVR) mean in the context of the potential adverse effects of 
HCV infection? Are payers right to limit access to HCV therapy 
based on severity of liver disease alone? 

In the natural history of HCV infection, age is an impor-
tant factor in the progression of disease.1 A low percentage of 

Dr Naggie is Associate Professor of Medicine at Duke University in 
Durham, North Carolina.

There is evidence that hepatitis C virus (HCV) infection, 
like HIV infection, may be associated with chronic inflam- 
mation, immune activation, and immune senescence, 
which contribute to increased risks for cardiometabolic 
or other diseases outside the liver, as well as to ongoing 
damage in the liver. These effects may persist after a  
sustained virologic response (SVR) is achieved with HCV 
therapy. Such findings support initiation of treatment 
for HCV-infected individuals before damage to the liver  
is apparent and monitoring of individuals for complica- 
tions even after an SVR is achieved. Fibrosis is not always 
reversible after SVR is achieved, and this should serve 
as an argument against waiting until fibrosis develops 
before initiating treatment for HCV-infected individu- 
als. This article summarizes a presentation by Susanna 
Naggie, MD, MHS, at the IAS–USA continuing education 
program, Management of Hepatitis C Virus in the New 
Era: Small Molecules Bring Big Changes, in New York, 
New York, in September 2015.

Keywords: HCV, HIV, inflammation, immune activation, 
immune senescence, fibrosis, extrahepatic disease

Perspective

Hepatitis C Virus, Inflammation, and Cellular Aging: 
Turning Back Time

individuals with chronic HCV infection diagnosed at 20 to 30 
years of age will develop severe fibrosis and cirrhosis over the 
next 30 years. Individuals who acquire HCV infection at 50 to 
60 years of age generally exhibit more rapid progression of 
disease.1 However, individuals who are coinfected with HIV 
often have accelerated liver disease, potentially part of a phe-
nomenon that many have called “accelerated aging,” used 
to describe the high rates of death from non–AIDS-related 
conditions such as malignancies, cardiovascular disease, 
and liver disease than their age-, race-, and sex-matched 
HIV-uninfected counterparts.2-7 For example, data show that 
HIV/HCV-coinfected persons matched for other factors have 
a result of 9 kPa on transient elastography, consistent with 
severe fibrosis, approximately 9 years earlier than those with 
HCV monoinfection.1,8 

Inflammation and Immune Activation in the 
Context of HCV Disease

Among the factors associated with more rapid progression of 
fibrosis in the context of HCV disease, apart from alcohol use, 
are age, steatosis, obesity, and insulin resistance.1 Factors in 
HIV infection that may contribute to the progression of fibrosis 
include chronic inflammation, associated metabolic disor-
ders, medication toxicity, viral coinfections, and microbial 
translocation.9 Individuals with uncontrolled HIV infection, 
for example, often have elevated levels of lipopolysaccharide, 
resulting in monocyte-macrophage activation peripherally, 
but also the potential of activating hepatic Kupffer and stel-
late cells.10,11 Also, HIV proteins may potentially bind to cell 
receptors on stellate and Kupffer cells, activating intracellular 
pathways of fibrogenesis. Whether HIV directly infects these 
cell types is controversial.  

In addition, whether the presence of inflammation and 
immune activation results in accelerated aging in the liver of 
an HIV/HCV-coinfected individual is a subject of current inves-
tigation. The ability to cure HCV infection with interferon-free 
regimens should provide the opportunity to evaluate the 
effects on the host immune system after the virus has been 
cleared from the body. 

The relationship between inflammation, immune activa- 
tion, and immune senescence is illustrated in the Figure. In- 
flammation is a general process, measured by levels of mar- 
kers such as cytokines, interleukin-6 (IL-6), tumor necrosis fac- 
tor (TNF), and high-sensitivity C-reactive protein (hs-CRP) and 
can be present in many different diseases.12 Immune activa-
tion is more specific, representing activation of certain cellular 
pathways, such as in monocytes and T cells (present in HIV 
and HCV infections), and is measured by such markers as 
soluble CD14 (sCD14), CXCL10, and CD38.12 Immunosenes-
cence is the progressive deterioration of the immune system 
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and atherosclerotic disease (OR, 4.2).17 Prevalence of steato- 
sis in HCV has been reported as high as 50%, and when con-
trolled for known risk factors such as diabetes, alcohol use, 
and obesity, the prevalence remains 30% to 40%.15,16 How-
ever, some of these data have been recently challenged. In 
reanalyzed National Health and Nutrition Examination Sur-
vey data on diabetes from 1999 to 2010, the adjustment for 
elevations in levels of aspartate aminotransferase and alanine 
aminotransferase, which are considered attributable to ste-
atosis, eliminated the increased risk for diabetes associated 
with HCV infection.16 However, higher markers of inflamma-
tion have been observed among HCV-infected individuals 
with elevated liver enzymes than among those without such 
elevations, suggesting a relationship between liver and sys-
temic inflammation.15

Markers of cardiometabolic diseases that are elevated in 
HIV- and HCV-infected individuals include markers of inflam-
mation (IL-6, hs-CRP), hypercoagulable state (fibrinogen, di- 
merized plasmin fragment D), endovascular dysfunction and  
cell adhesion (soluble vascular cell adhesion molecule–1 
[sVCAM-1]), N-terminal fragment of the prohormone brain 
natriuretic peptide [NT-proBNP]), and markers of T-cell activa- 
tion and immune senescence (sCD14 and sCD163).16 These 
markers have been associated with increased risk of car-
diovascular disease–associated mortality, acute myocardial 
infarction, all-cause mortality, and more generally with ath-
erosclerotic disease, diabetes, and insulin resistance.15,16 
More research is needed to conclusively identify and quan-
tify risk for such outcomes among HCV-infected individuals 
before and after an SVR is achieved. 

On a similar note, positive HCV serology is reportedly 
associated with higher all-cause mortality, although the rea-
sons behind this remain unclear.18 There are data indicating 
that most deaths among HIV/HCV-coinfected individuals are 
attributable to non–liver-related events. For example, in the 
SMART (Strategies for Management of Antiretroviral Therapy) 
trial of HIV-infected individuals, liver-related events were not 
the main drivers of death among participants with viral hepa-
titis; yet, HIV/HCV-coinfected individuals contributed to the 
majority of the study’s primary events.19 This suggests that 
HIV/HCV-coinfected patients are at greater risk of non–liver-
related disease than HIV-monoinfected patients. Therefore, 
the argument can be made that treatment of HCV infection 
has benefits outside the liver and that all individuals should 
have an opportunity to achieve HCV cure before cardiometa-
bolic conditions emerge.

HCV Infection and Cancer

Cancer is now the leading cause of non–AIDS-related death 
in HIV-infected persons.20 In a study reported by Nyberg and  
colleagues, unadjusted analysis showed that HCV infection 
was associated with statistically significantly increased risks 
for esophageal, stomach, colorectal, liver, pancreas, lung, 
head and neck, renal, and prostate cancers, myeloma, and 
NHL compared with no HCV infection.21 After adjustment 
for alcohol use or dependence, smoking status, and diabetes,  

with age; for T cells, this results from chronic activation and 
inflam mation due to persistent antigen exposure. One of the 
main markers of immunosenescence is CD57, sometimes 
referred to as a marker of cellular aging. Increased levels of 
CD57 have been associated with many HIV-associated, non–
AIDS-related conditions. 

Tumor suppressor protein p16INK4a has been associated 
with normal aging outside the context of HIV or HCV infec-
tion. Individuals with uncontrolled HIV infection have very 
high levels of this marker, and as the virus is controlled with 
antiretroviral therapy, the marker returns to near normal levels 
in the blood.13 Of interest, this marker is a tumor suppres-
sor and is predictive of risk for malignancy.14 It is not known 
if the return to baseline blood levels of tumor suppressor 
protein p16INK4a after full viral suppression with antiretroviral 
therapy correlates with levels in the liver or other tissues. This 
marker has not been studied in the setting of HCV infection 
or other liver diseases. 

The Broad Effects of HCV Infection

Chronic HCV infection has been associated with many end- 
organ diseases including neurocognitive effects; atheroscle-
rosis and cerebrovascular disease; insulin resistance, hyper- 
glycemia, and diabetes; fibrosis and steatosis; and B-cell non- 
Hodgkin lymphoma (NHL) and hepatocellular carcinoma 
(HCC).15,16 These diseases have many similarities with those 
attributed to chronic inflammation and immune activation 
in the context of HIV infection. Whether the pathogenesis is 
the same for HIV and HCV infections or if there are parallel 
mechanisms at play in the case of HIV/HCV coinfection is not 
known at this time. 

HCV as a Cardiometabolic Disease

There is considerable evidence that HCV infection is a meta-
bolic disease. Numerous studies have reported an increased 
risk for metabolic disorders among individuals with HCV infec- 
tion compared with uninfected counterparts, including insu- 
lin resistance (odds ratio [OR], 2.06),15 diabetes (OR, 2.31),16  

Figure. The relationship between inflammation, immune activation, 
and immune senescence. CMV indicates cytomegalovirus. Adapted 
from Hearps et al.12
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these associations were no longer statistically significant 
except for HCC and NHL. Thus, whether the increased risk of 
cancer among HCV-infected individuals is driven by known 
traditional risk factors or whether there is a component of 
this risk attributable to immune activation and inflammation 
remains unclear.

Immune Activation and Immune Senescence

Sustained virologic response has been associated with impres-
sive decreases in liver-related events, but its effects on risk 
for other diseases over the short and long term is not known. 
A knowledge gap remains about the overall risks associated 
with HCV infection beyond liver fibrosis; this will be impor-
tant to understand if care and outcomes are to be optimized 
beyond virologic cure. Improved insight may come from 
investigations into chronic immune activation and immune 
senescence in the context of HCV infection. 

In the liver, the stellate cell has a primary role in fibro- 
genesis. It is the resident pericyte in the liver; pericytes are  
pluripotent cells found throughout the body, including in the 
endovascular space, blood-brain barrier, kidney, and heart. 
Natural killer T cells are the primary immune cells in the 
liver. We are currently investigating markers of active inflam-
mation, chronic immune activation, and cellular aging in liver 
tissue of HIV and HCV-infected individuals.22 The preliminary 
results suggest that T-cell markers are substantially increased 
stepwise from uninfected healthy controls to those with HIV 
monoinfection, HCV monoinfection, or HIV/HCV coinfection. 
Levels of natural killer T cell markers are also higher in HIV-
monoinfected individuals than in uninfected controls and are 
higher in HCV-monoinfected individuals than in HIV-monoin-
fected individuals.22 Markers of immune senescence (CD57) 
also exhibited stepwise increases from uninfected controls to 
those with HIV monoinfection, HCV monoinfection, and HIV/
HCV coinfection, with a similar pattern evident for the marker 
for aging (P16INK4a). Such findings raise numerous questions, 
including why these markers are elevated in the liver tissue of 
HIV-monoinfected individuals who are HIV virally suppressed 
in the blood and whether cellular senescence and cellular 
aging are reversible processes with HCV clearance.

In addition, we have explored the possibility that aber- 
rant Hedgehog pathway signaling may be involved in the  
accelerated aging observed in HIV/HCV-coinfected individuals. 
This pathway, which is involved in fetal organ development, 
is activated during tissue injury and acts as a primary factor 
in the healing of skin, the epithelium, and organs.23 Numer-
ous inhibitors of the Hedgehog pathway have been evaluated 
for treatment of cancers,24 and inhibitors of this pathway 
might be of value in treatment of HIV/HCV coinfection. In 
preliminary studies, we have found that markers of Hedge-
hog pathway signaling (the Shh ligand and transcription 
factor GLI2) are elevated in the liver tissue of individuals with 
HIV monoinfection and are more elevated in those with HCV 
monoinfection, and levels observed in those with HIV/HCV 
coinfection are similar to those observed in individuals with 
HCV monoinfection.22

Whether aberrant Hedgehog pathway signaling drives HCV 
disease processes outside the liver has been studied in animal 
models. Pericytes are activated during injury to the kidney, 
endovascular space, brain, and liver, and exhibit increased 
levels of Hedgehog transcription markers. The pericytes then 
transform into myofibroblasts that contribute to fibrosis.25 
Implications of the above research are that the Hedgehog 
pathway is active during HIV monoinfection, with additive 
effects in the context of HIV/HCV coinfection, and that HIV/
HCV coinfection increases T-cell recruitment, terminal differ-
entiation, and immunologic aging and senescence. Further 
study is needed to confirm these findings and assess whether 
this intrahepatic immunologic phenomenon is reversible.

The Impact of SVR

All-cause mortality is higher among HCV-infected individuals 
who do not achieve an SVR than those who do achieve an 
SVR.16,17 In addition, liver-related outcomes, including inci-
dent hepatocellular cancer, hepatic decompensation, and 
liver-related death, are lower in patients achieving SVR.18,26,27

A study reported in 2008 that examined paired liver biop- 
sies showed improvements in virtually all liver-related out- 
comes in 39 participants who had SVRs compared with 57 
participants who did not have SVRs.28 However, liver cancer 
developed in 8% of participants who had an SVR. Although 
the follow-up period of the study was only 3 years, a minor-
ity of participants exhibited regression of cirrhosis (18 with 
regression vs 78 without regression), which was a better pre-
dictor of reduced liver-related outcomes than was SVR. For 
example, HCC was found in 22% of individuals who did not 
have regression of cirrhosis versus 0% of those who did (P =  
.036). Such findings reinforce the concept that cirrhosis is  
not as reversible in the context of HCV infection as may gen- 
erally be thought. Reversal of cirrhosis in the context of HCV 
infection appears to be a slow process, different from that 
observed in hepatitis B virus infection, in which 50% of indi-
viduals have resolution or improvement of cirrhosis by 5 
years after nucleoside analogue initiation.29 Waiting until 
patients are already at risk of cirrhosis before initiating HCV 
treatment sets them up for a process that cannot be com-
pletely reversed and likely puts them at considerable risk for 
major liver-related events.

With regard to the impact of SVR on extrahepatic dis-
eases, there is evidence that SVR achieved via treatment 
with peginterferon alfa and ribavirin is associated with 
improvements in coronary artery disease, diabetes, and 
renal disease, and possible regression of B-cell NHL.Thus far, 
there are few data on the effects of an SVR achieved with 
direct-acting antiviral therapy on extrahepatic disease apart 
from potential regression of B-cell NHL and improvement of 
renal disease.15,16

Based on considerations such as those discussed herein, 
2 commonly held assumptions regarding HCV treatment are 
inaccurate: 1) that HCV is only a liver disease; and 2) that 
HCV-associated fibrosis is always reversible. That fibrosis is 
not always reversible after SVR is achieved should serve as a 



IAS–USA        Topics in Antiviral Medicine

6

potent argument for not waiting until fibrosis develops before 
initiating treatment for HCV-infected individuals. 

Presented by Dr Naggie in September 2015. First draft prepared from 
transcripts by Matthew Stenger. Reviewed and edited by Dr Naggie in 
February 2017.
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Identifying Advanced Fibrosis

Currently, the most common methods for staging of fibro-
sis on liver biopsy specimens are the 4-point Metavir and 
6-point Ishak scoring systems. A Metavir score of F4 and an 
Ishak score of 6 indicate cirrhosis; a Metavir score of F2 and 
an Ishak score of 3 or 4 indicate moderate fibrosis. 

Data indicating that even moderate fibrosis may be as-
sociated with worse outcomes in the context of hepatitis C 
virus (HCV) infection come from the HALT-C (Hepatitis C An-
tiviral Long-Term Treatment Against Cirrhosis) trial, which 
examined the effect of maintenance therapy with pegin-
terferon alfa among individuals with chronic HCV infection 
and fibrosis. The 6-year cumulative incidence of first clinical 
event was 5.6% for Ishak stage 2; 16.1% for Ishak stage 3; 
19.3% for Ishak stage 4; 37.8% for Ishak stage 5; and 49.3% 
for Ishak stage 6.1,2 

In a report evaluating a cohort of 4 large provider networks, 
biopsy results or Fibrosis-4 (FIB-4) scoring indicated fibrosis 
of Metavir stage F2 or higher in more than 50% of individu-
als without decompensated cirrhosis who were assessed for 
HCV treatment.3 Thus, it is common for some individuals 
presenting to care for the first time after HCV diagnosis to 
already have fibrosis even if they are asymptomatic and have 
laboratory values and physical examination findings within 
normal limits.

Advanced fibrosis may be present in a substantial pro- 
portion of individuals with asymptomatic, chronic hepa- 
titis C virus (HCV) infection, including those who have 
been newly diagnosed. HCV treatment improves all-cause 
and liver-related mortality in individuals with advanced 
fibrosis, and there is some evidence that reversal of 
decompensated liver disease may occur in those with 
a sustained virologic response. HCV treatment is also 
crucial for individuals undergoing liver transplantation, 
as recurrent HCV infection posttransplantation is associ- 
ated with accelerated fibrosis progression and increased 
risk of poor outcomes. This article summarizes a present- 
ation by Elizabeth C. Verna, MD, at the IAS–USA contin- 
uing education program, Management of Hepatitis C 
Virus in the New Era: Small Molecules Bring Big Changes, 
held in New York, New York, in September 2015.

Keywords: HCV, hepatitis C virus, hepatitis C, fibrosis, sus- 
tained virologic response, SVR, cirrhosis, hepatocellular carci- 
noma, liver transplantation

Dr Verna is Assistant Professor of Medicine at Columbia University 
and Director of Clinical Research at the Center for Liver Disease and 
Transplantation in New York, New York.

Perspective

Management of Advanced Fibrosis in the Context  
of Hepatitis C Virus Infection

Numerous serologic tests have been developed to detect  
liver fibrosis, including the aspartate aminotransferase (AST)-
to-platelet ratio index (APRI), FIB-4 scoring, and various 
serum biomarker tests. However, none of these tests is very 
sensitive or specific, when used alone, for differentiating 
degree of fibrosis; they can be useful in determining the ab-
sence of fibrosis or presence of cirrhosis but are less useful in 
diagnosing intermediate grades of fibrosis. These tests may 
be even less accurate for individuals who have very marked 
liver inflammation or certain types of liver disease that affect 
the markers used in different ways. 

Staging of fibrosis using imaging technology is likely to be-
come the standard of care in the coming years. At present, 
the most common imaging modality in the United States for 
staging of fibrosis is transient elastography, but other modali-
ties include magnetic resonance elastography (MRE), shear 
wave elastography (SWE), and cross-sectional imaging. Tran-
sient elastography, a major advance in the staging of fibrosis, 
generally performs much better than serologic markers and 
makes it easier to follow the same individual’s response to  
different therapies over time; however, it is not perfect. The 
advantages of transient elastography are that it is increas-
ingly available, inexpensive, fast, and predictive of clinical 
outcomes, and that it has been tested in the context of many 
disease stages. The disadvantages of transient elastography 
are that it is operator dependent and that imaging findings, 
as with all types of ultrasound imaging, may be skewed by 
factors such as an individual’s body habitus and the presence 
of extensive inflammation or extensive fatty infiltration of the 
liver. MRE may be more accurate but is much more expen-
sive and less available at present than transient elastography. 
Conventional cross-sectional imaging and ultrasound are 
considered inadequate for accurate staging of fibrosis. Tran-
sient elastography values for each fibrosis stage are shown in  
Table 1.

A combination of serologic testing and imaging is likely 
the best option for staging of fibrosis at this time. Liver 
biopsy confirmed the findings of serum biomarker testing 

Table 1. Transient Elastography Values for Each Metavir 
Fibrosis Stage in Individuals With Chronic Hepatitis C Virus–
Related Liver Disease

Transient Elastography  
Value

Metavir Fibrosis Stage

2.5-7.4 kPa F0-F1 (no or mild fibrosis)

7.5-9.4 kPa F2 (moderate fibrosis)

9.5-12.4 kPa F3 (severe fibrosis)

>12.4 kPa F4 (cirrhosis)
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are shown in Table 2.5 Extended duration of treatment or the 
addition of ribavirin is recommended for many regimens and 
particularly for treatment-experienced individuals with HCV 
genotype 1 disease, and more changes are recommended based  
on HCV genotype subtype (1a vs 1b). Similarly, extended treat- 
ment and the addition of ribavirin are recommended for indi-
viduals with HCV genotype 2 or 3 disease and compensated 
cirrhosis. 

An integrated analysis of phase II and III studies of treat- 
ment with ledipasvir/sofosbuvir (slash indicates a coformula- 
tion) with or without ribavirin for participants with HCV gen- 
otype 1 infection and compensated cirrhosis showed high 
rates of sustained virologic response (SVR).6,7 A somewhat 
lower SVR rate was observed among treatment-experienced 
participants who received only 12 weeks of ledipasvir/sofos-
buvir without ribavirin. Findings in the integrated analysis 
indicated little difference in SVR rates according to method 
of determination of cirrhosis, transient elastography score, 
or albumin level. However, SVR rates were lower among 
treatment-naive and -experienced participants with platelet 
counts below 75 ×103/µL, suggesting that individuals with 
borderline decompensated cirrhosis may have been included 
in the studies and in the analysis.  

and transient elastography, used in combination, for 84% of 
individuals with fibrosis of Metavir stage F2 or higher, 95% 
of those with Metavir stage F3 or higher, and 94% of those 
with Metavir stage F4.4 Although there remains a role for liver 
biopsy, the era of routine liver biopsy to confirm that an in-
dividual does not yet require HCV treatment has yielded to 
an era in which liver biopsies are infrequent, reflecting the 
beliefs that all HCV-infected individuals should receive treat-
ment and that the risks associated with biopsy should be 
avoided when possible. Liver biopsy still plays an important 
role when the findings of noninvasive tests are discrepant or 
when other forms of chronic liver disease are suspected. 

Widely used prognostic models for individuals with cir-
rhosis include the Child-Turcotte-Pugh (CTP) and Model for 
End-Stage Liver Disease (MELD) scores. In general, both CTP 
and MELD scoring should be used to help determine the ap-
propriateness and safety of HCV treatment and evaluation for 
liver transplantation. 

HCV Treatment

Recommendations for changes in HCV treatment in individu-
als with compensated cirrhosis according to HCV genotype 

Table 2. Recommended Changes to HCV Regimens for Treatment-Naive and -Experienced Persons With Compensated  
Cirrhosis, by Genotypea 

Regimen Treatment-Naive Persons Treatment-Experienced Persons

HCV genotype 1 Daclatasvir plus sofosbuvirb Extend to 24 weeks with or  
without ribavirin

Extend to 16-24 weeks with or  
without ribavirin

Elbasvir/grazoprevirc for 12 weeks No change No change

Ledipasvir/sofosbuvir for 12 weeks No change Extend to 24 weeks or with ribavirin

Paritaprevir/ritonavir/ombitasvir plus 
dasabuvir (with ribavirin for genotype 
1a) for 12 weeksd

Extend to 24 weeks for genotype 1a

No change for genotype 1b

Extend to 24 weeks for genotype 1a

No change for genotype 1b

Simeprevir plus sofosbuvir with or 
without ribavirinb

Extend to 24 weeks Extend to 24 weeks

Sofosbuvir/velpatasvir for 12 weeks No change No change

HCV genotype 2 Daclatasvir plus sofosbuvirb Extend to 16-24 weeks with or  
without ribavirin

Extend to 24 weeks with or  
without ribavirin

Sofosbuvir/velpatasvir for 12 weeks No change No change

HCV genotype 3 Daclatasvir plus sofosbuvir with or 
without ribavirin

Extend to 24 weeks with or  
without ribavirin

Extend to 24 weeks with or  
without ribavirin

Sofosbuvir/velpatasvir for 12 weeks No change No change

HCV genotype 4 Elbasvir/grazoprevir for 12 weeks No change No change

Ledipasvir/sofosbuvir for 12 weeks No change Extend to 24 weeks or add ribavirin

Paritaprevir/ritonavir/ombitasvir plus 
dasabuvir for 12 weeks

No change No change

Sofosbuvir/velpatasvir for 12 weeks No change No change

Abbreviation: HCV, hepatitis C virus. Adapted from the American Association for the Study of Liver Diseases and the Infectious Diseases 
Society of America.5

 aSlash indicates a coformulation.
 bRegimen is recommended as an alternative.
 c For individuals with HCV genotype 1a infection, 12 weeks if there are no baseline resistance-associated variants and extend to 16 weeks 
if there are baseline resistance-associated variants.
 dThis regimen is recommended for individuals with HCV genotype 1b infection and is an alternative regimen with ribavirin for individuals 
with HCV genotype 1a infection. 
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For individuals with decompensated cirrhosis and CTP 
class B or C disease, hepatic impairment represents a con-
traindication to the use of some anti-HCV drugs, including 
simeprevir, paritaprevir (part of the regimen of paritaprevir/
ritonavir/ombitasvir plus dasabuvir), and grazoprevir (part 
of the regimen of elbasvir/grazoprevir), owing to degree 
of hepatic metabolism and reports of liver injury. Current 
recommendations for HCV treatment for individuals with de-
compensated cirrhosis are shown in Table 3.5 Many of the 
recommended regimens include ribavirin, reflecting the goal  
of improving the chances for an SVR despite the potential 
worsening of anemia in some individuals. Some experts sug-
gest initiating ribavirin at 600 mg (not weight based) and 
titrating the dose according to tolerability. 

The best data on treatment with ledipasvir/sofosbu-
vir plus ribavirin for individuals with CTP class B or C 
disease come from the SOLAR-1 and SOLAR-2 studies 
(Figure 1).8,9 There was no marked difference in SVR 
rates with 12 or 24 weeks of treatment, and there was 
some suggestion of lower SVR rates among participants 
with CTP class C disease. The safety profile was quite fa-
vorable, particularly given the degree of illness in these 
participants. Adverse events of any grade included fa-
tigue (41%), anemia (20%), and headache (27%), and 
grade 3 or 4 adverse events occurred in 24% of partici-
pants; 4% of participants discontinued due to adverse 
events. No deaths were considered to be related to the 
study drugs. 

Impact of SVR on Treatment Outcomes

Findings from several studies have made it clear that 
SVR in individuals with advanced fibrosis is associated  
with reduced risk of hepatic decompensation and  
death. In an analysis of 530 individuals with advanced 
fibrosis, SVR versus no SVR was associated with im- 

provements in all-cause mortality 
(8.9% vs 26.0%), liver-related mor-
tality or liver transplantation (1.9% 
vs 27.4%), hepatocellular carci- 
noma (HCC; 5.1% vs 21.8%), and 
liver failure (2.1% vs 29.9%).10 
Whether hepatic decompensation 
can be transformed into “recom-
pensation” after an SVR has been 
achieved has not been definitively 
determined. However, some data 
indicate that an SVR is associ-
ated with improvement in MELD 
or CTP score in many but not all 
individuals.8 Nevertheless, some 
individuals have progressive liver 
disease despite an SVR, and little 
is known about how to determine 
whose disease will or will not 
progress. 

Complications of Cirrhosis and Evaluation for Liver 
Transplantation

Complications of cirrhosis include HCC and complications of 
portal hypertension, such as variceal bleeding, encephalopa-
thy, hepatorenal syndrome, and synthetic dysfunction. Such 
complications have a marked impact on disease prognosis 
and should prompt an evaluation for liver transplantation. 

Screening is recommended for variceal bleeding and HCC 
for all individuals with cirrhosis, because early intervention 
can lead to better outcomes. An esophagogastroduodenos-
copy (EGD) should be performed at the time of diagnosis of 
cirrhosis to screen for variceal bleeding, with surveillance in-
terval depending on clinical status: EGD should be repeated 
every 2 to 3 years for individuals with compensated cirrhosis 

Figure 1. Rates of sustained virologic response 12 weeks after cessation of 
treatment with coformulated (/ ) ledipasvir/sofosbuvir plus ribavirin among 
hepatitis C virus–infected participants with Child-Turcotte-Pugh (CTP) class B 
or C disease in the SOLAR-1 and SOLAR-2 studies. Efficacy was comparable 
between the 2 studies. Adapted from Charlton et al and Manns et al.8,9

Table 3. Recommended HCV Regimens for Persons With Decompensated  
Cirrhosis, by Genotypea

Regimen Duration

HCV genotype 
1 or 4 

Daclatasvir plus sofosbuvir plus  
ribavirinb

12 weeks
24 weeks (without ribavirinc)

Ledipasvir/sofosbuvir plus ribavirinb 12 weeks
24 weeks (with ribavirin for prior 
failed treatment with sofosbuvir, or 
without ribavirinc)

Sofosbuvir/velpatasvir plus ribavirin 12 weeks
24 weeks (without ribavirinc)

HCV genotype 
2 or 3

Daclatasvir plus sofosbuvir plus  
ribavirinb

12 weeks

Sofosbuvir/velpatasvir plus ribavirin 12 weeks

Abbreviation: HCV, hepatitis C virus. Adapted from the American Association for the Study of 
Liver Diseases and the Infectious Diseases Society of America.5

 aSlash indicates a coformulation. 
 bLow-dose ribavirin starting at 600 mg daily and increased as tolerated.
 cIf riboflavin is ineligible.
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who have no varices, every 1 to 2 years if small varices are 
present, and annually for individuals with decompensated 
cirrhosis. Nonselective β-blockers or band ligation (for very 
large esophageal varices) may be used to substantially re-
duce the incidence of variceal hemorrhage. Individuals with 
HCV-related cirrhosis should be screened for HCC via ultra-
sound every 6 months, as there is evidence that screening 
for HCC in high-risk populations, including those with viral 
hepatitis infection, is associated with reduced mortality.11,12 

HCC can still occur in the context of an SVR. In some 
cases, HCC may be present but relatively undetectable before 
initiation of HCV treatment. Local-regional therapy for HCC 
is not considered to be curative, although some individuals 
who undergo chemoembolization do 
not appear to experience recurrence. 
Screening for HCC using α-fetoprotein 
(AFP) testing alone is no longer rec-
ommended, as it is not considered 
sensitive or specific enough and a 
substantial proportion of individu-
als with HCC have normal results on 
AFP testing. The current indications 
for liver transplantation in the con-
text of HCV disease are the presence 
of cirrhosis or a MELD score of 15 
or higher and any decompensating 
event (eg, HCC, ascites, hepatic en-
cephalopathy, variceal hemorrhage, 
or hepatopulmonary syndrome).

Treatment for HCV infection in 
liver transplant recipients is crucial  
because the natural history of recur-  
rent HCV infection after transplan- 
tation is accelerated (cirrhosis occurs  
in up to 25% of individuals by 5 to 
10 years after liver transplantation, 

and complications of cirrhosis are more common). SVR im-
proves survival rates among liver transplant recipients. In 
an ideal world, all HCV-infected individuals would receive 
treatment and achieve an SVR before liver transplanta-
tion, eliminating the risk for recurrence. In reality, an SVR 
is not always achieved before liver transplantation, and re-
sponse rates in individuals with CTP class C disease are 
lower than in other subgroups receiving HCV treatment, 
including in those with compensated cirrhosis posttrans-
plant. Further, depending on the region of the United 
States, access to a new organ may be difficult for individu-
als in whom HCV treatment has cleared the virus (eg, if 
MELD score drops from 27 to 18 after HCV treatment in an 

Figure 2. Rates of sustained virologic response 12 weeks after cessation of treatment with coformulated (/ ) ledipasvir/sofosbuvir plus ribavirin 
among hepatitis C virus (HCV)-infected individuals with HCV genotypes 1 and 4 post–liver transplantation, by Child-Turcotte-Pugh (CTP) class 
in the SOLAR-1 and SOLAR-2 studies. Adapted from Charlton et al and Manns et al.8,9

Table 4. HCV Regimens Post–Liver Transplantationa Including Patient With Recurrent 
Compensated Cirrhosis

Regimen Duration

Recommended 
for HCV 
genotype 1 or 4

Daclatasvir plus sofosbuvir with or 
without ribavirin

12 weeks (with ribavirin)

24 weeks (without ribavirin) 

Ledipasvir/sofosbuvir with or without 
ribavirinb

12 weeks (with ribavirin)

24 weeks (without ribavirin)

Alternatives for 
HCV genotype 1

Paritaprevir/ritonavir/ombitasvir plus 
dasabuvir and ribavirinc

24 weeks

Simeprevir plus sofosbuvir with or 
without ribavirin

12 weeks

Recommended 
for HCV geno-
type 2 or 3

Daclatasvir plus sofosbuvir plus 
ribavirin

12 weeks (with ribavirin)

24 weeks (without ribavirin)

Sofosbuvir plus ribavirinb 24 weeks

Abbreviation: HCV, hepatitis C virus. Adapted from the American Association for the Study 
of Liver Diseases and the Infectious Diseases Society of America.5

 aSlash indicates a coformulation. 
 bCurrently recommended for persons with HCV genotype 2 infection or decompensated 
recurrent liver disease.
 cOnly recommended for patients with early stage recurrent fibrosis (F0-2).
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individual with decompensated cirrhosis, that individual may 
be ineligible for liver transplantation in some locations). Thus, 
communication with local transplant groups regarding in-
dividuals with a moderate MELD score but several disease 
complications in whom it is believed that HCV treatment will 
not achieve complete recompensation should be considered. 

Data are now emerging on the use of perioperative treat-
ment immediately before or after liver transplantation. A 
small phase II study examined treatment with sofosbuvir 
plus ribavirin given immediately before transplantation to in-
dividuals with any HCV genotype, HCC, and CTP class A or 
B disease.13 Among 43 evaluable participants, 65% achieved 
a posttransplantation VR. However, perioperative treatment  
is not generally recommended at this time due to high re-
lapse rates with sofosbuvir plus ribavirin in individuals with 
HCV genotype 1 infection. It is not known whether this 
approach would be more effective with currently recom-
mended regimens. More recently, a small group of individuals 
was treated with ledipasvir/sofosbuvir in the immediate 
postoperative setting for only 4 weeks, and SVR was achieved 
in 14 of 16 individuals.14

Important considerations regarding HCV treatment imme-
diately after liver transplantation include potential drug-drug 
interactions with anti-HCV drugs, particularly between HCV 
protease inhibitors and calcineurin inhibitors (eg, cyclospo- 
rine, tacrolimus), and the potential need for treatment inter- 
ruption due to complications in the setting of high-dose im-
munosuppression. Most experience with HCV treatment in 
the posttransplantation setting is with ledipasvir/sofosbuvir 
plus ribavirin (in part because of the lower likelihood of drug 
interactions than with other HCV regimens). Data from the 
SOLAR-1 and SOLAR-2 studies among participants with HCV 
genotype 1 or 4 infection show that HCV treatment during 
the early period after liver transplantation produced high 
SVR rates 12 weeks after cessation of treatment (SVR12) in 
those with CTP class A or B disease (Figure 2); although rates 
were lower in those with CTP class C disease, SVR was still 
achieved in the majority of participants.8,9 Current recom-
mendations for HCV treatment after liver transplantation are 
shown in Table 4.5

Conclusion

Individuals with advanced fibrosis and liver transplant re-
cipients are among those with the highest priority for HCV 
treatment owing to their high risk for severe complications.  
SVR among individuals with advanced liver disease may re- 
duce the risk of life-threatening decompensation. However, 
even individuals with cirrhosis and preserved liver function 
remain at risk for decompensation and must be monitored  
indefinitely. Safe and effective HCV treatment with direct-
acting antiviral drugs has revolutionized the care of liver 

transplantation candidates and recipients with HCV infection, 
although treatment must currently be individualized based on 
stage of disease, comorbidities, and access to a liver allograft.
 

Presented by Dr Verna in September 2015. First draft prepared from 
transcripts by Matthew Stenger. Reviewed and edited by Dr Verna in 
February 2017.
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 UPCOMING ACTIVITIES

Hepatology for the Nonhepatologist— 
April 6, 2017
Presenter: Alexander Monto, MD, University of California 
San Francisco

Neurology and HIV Infection—April 18, 2017
Presenter: Serena S. Spudich, MD, Yale University

Update From EASL 2017—May 4, 2017
Presenter: David L. Wyles, MD, Denver Health

Contemporary Issues in Antiretroviral Therapy—
June 20, 2017
Presenter: Joel E. Gallant, MD, MPH, Southwest  
CARE Center

Next Generation Hepatitis C Virus Infection: 
Regimens and Their Role in the Clinic— 
June 29, 2017
Presenter: Susanna Naggie, MD, MHS, Duke University

Finding and Eliminating the HIV Reservoir—
September 7, 2017
Presenter: Daniel C. Douek, MD, PhD

Practical Management for Transgender  
Patients at Risk for HIV Infection— 
October 24, 2017
Presenter: Tonia C. Poteat, PhD, PA, The Johns Hopkins  
University

      Cases on the Web
 A series of web-based, case-driven CME activities, created to offer convenient online access to top-
quality professional education. Visit the IAS–USA website for more information. Here's the latest:

 New 
Initial Antiretroviral Therapy in the HIV-Infected Patient 
Authors: Jameela J. Yusuff, MD, MPH, FACP, State University of New York; Katharine Kuntz, MD, State  
University of New York. Released March 6, 2017.

 Coming Soon 
Immunizations for HIV-Infected Persons
Authors: Brian T. Montague, DO, MS, MPH, University of Colorado; Steven C. Johnson, MD,  
University of Colorado

Dates above may be subject to change. IAS–USA announcements are paperless, so please watch for 
e-mail updates or visit www.iasusa.org for course information, agendas, and online registration, or to 
access archives of educational resources from past activities. Early registration for live courses is strongly 
recommended. 

These activities have been approved for AMA PRA Category 1 Credit™. 

The American Board of Internal Medicine (ABIM) Maintenance of Certification (MOC) program will  
offer points to participants at live IAS–USA activities in 2017.

Coming Soon

  IAS–USA Live Courses
Full-day and half-day CME courses and workshops continue to focus on cutting-edge, scientifically 
rigorous issues presented by leading experts in the fields of HIV and hepatitis C virus (HCV) medicine. 
Visit the IAS–USA website for updated information on live CME activities. This spring, the 25th annual 
IAS–USA live activities focusing on the management of HIV infection will be held in the following cities:

Los Angeles, California, Full-Day HIV Course—Friday, April 28, 2017

Chicago, Illinois, Full-Day HIV Course—Wednesday, May 10, 2017

Washington, DC, Full-Day HIV Course—Monday, May 22, 2017

Berkeley, California, Full-Day HIV Course—Thursday, May 25, 2017

Spring and 
Summer 2017

       Interactive Webinars With IAS–USA Faculty
         Live, interactive continuing medical education (CME) in the comfort of your home or office, free  

of charge. Participants can ask questions and receive responses in real time. Visit the IAS–USA  
website for more on past and upcoming webinars. Upcoming webinars include:
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Kidney disease in HIV-infected persons manifests in a vari- 
ety of ways, including acute kidney injury (AKI), HIV-associ-
ated kidney disease, comorbid chronic kidney disease (CKD), 
and treatment-related kidney toxicity. The burden of CKD 
and end-stage renal disease (ESRD) remains high in the HIV- 
infected population. 

There are several important caveats to consider when diag-
nosing and managing kidney disease in HIV-infected persons. 
Glomerular filtration rate (GFR) estimates are not well vali-  
dated in this population. The Chronic Kidney Disease Epide- 
miology Collaboration (CKD-EPI) equation, which incorpo-
rates serum creatinine level and demographic factors, appears 
to provide the most accurate estimates among HIV-infected 
persons who are stable on antiretroviral therapy. However, 
there are strengths and limitations for all currently used 
equations, and creatinine clearance by Cockcroft-Gault calcu-
lation remains the recommended kidney function estimate 
for drug dosing. Several antiretroviral and other medications 
(eg, dolutegravir, rilpivirine, trimethoprim, and the phar-
macoenhancers cobicistat and ritonavir) can interfere with 
creatinine secretion without affecting true GFR. In addition, 
creatine supplements and diets high in animal protein can 
increase levels of serum creatinine, resulting in an inaccurate 
estimate of GFR. Cystatin C testing may be helpful in such 
situations but should be used with caution in patients with 
HIV infection. Although normal cystatin C test results can be 
reassuring, abnormal cystatin C test results could reflect a 
decrease in GFR or an increase in systemic inflammation.1-3 

Dr Wyatt is Associate Professor of Medicine and Nephrology at Icahn 
School of Medicine at Mount Sinai in New York, New York.

The risk of acute and chronic kidney disease remains 
higher in HIV-infected persons than in the general pop- 
ulation, and kidney disease in HIV-infected persons is as- 
sociated with poor outcomes, including increased mor- 
tality. HIV-associated nephropathy occurs less frequently 
in the era of antiretroviral therapy. HIV immune complex 
kidney disease is being diagnosed more frequently, but 
the term is currently used to refer to a heterogeneous 
group of kidney diseases. Comorbid chronic kidney dis- 
ease poses a growing burden in HIV-infected persons 
due to an overrepresentation of risk factors such as 
black race, diabetes, hypertension, and coinfection with  
hepatitis C virus. Drug-induced kidney toxicity also re- 
mains a concern. This article summarizes a presentation 
by Christina M. Wyatt, MD, at the Ryan White HIV/AIDS 
Program Clinical Care Conference held in New Orleans, 
Louisiana, in December 2015. 

Keywords: HIV, acute kidney injury, comorbid kidney disease, 
chronic kidney disease, diabetes, tenofovir, hepatitis C virus

Perspective

Kidney Disease and HIV Infection

Acute Kidney Injury 

AKI is more common in HIV-infected persons than in the gen-
eral population and is associated with increased risk of adverse 
outcomes such as heart failure, cardiovascular disease, ESRD, 
and death.4 The incidence of AKI has decreased since the 
introduction of potent antiretroviral therapy but remains sub-
stantial,5 with evidence in more recent years of an increase in 
incidence of more severe AKI.6 Data from a national sample 
of hospital admissions showed that an increasing proportion 
of hospitalizations among HIV-infected persons were compli-
cated by dialysis-dependent AKI (Figure 1).6 Although these 
data could reflect more frequent use of dialysis, the associa-
tion between severe AKI and increased risk of mortality was 
also stronger in later years of the study period.

Detailed data on the etiology of AKI in the context of HIV 
infection are outdated. In a 2005 study, the most common 
causes of AKI were systemic infections, including AIDS-defin-
ing infections.7 More recent data from the National Inpatient 
Sample mentioned above indicate that sepsis remains a 
common risk factor for severe AKI, along with other tradi-
tional risk factors (eg, diabetes, hypertension, CKD, and liver 
disease) in the aging HIV-infected population.6
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Figure 1. Proportion of hospitalizations among HIV-infected persons 
complicated by dialysis-dependent acute kidney injury (top), and ad-
justed odds ratio of in-hospital mortality associated with dialysis-
dependent acute kidney injury (bottom). Adapted from Nadkarni  
et al.6
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between increased risk for kidney disease and HCV viremia 
and others have not: 2 secondary analyses of HIV treatment 
trials identified a strong association between HCV viremia 
and increased risk for CKD,12,13 whereas HCV infection was 
associated with an increased risk of CKD regardless of HCV 
RNA level in data from the North American AIDS Cohort Col-
laboration on Research and Design (NA-ACCORD).14 Although 
improvements in kidney disease have been observed in some 
HIV/HCV-coinfected persons receiving HCV treatment, the 
impact of more widespread treatment of HCV infection on 
CKD risk in HIV/HCV-coinfected persons remains unclear. As 
discussed below, practitioners should be aware of potential 
drug-drug interactions between direct-acting antiviral drugs 
and antiretroviral therapy when treating these patients.

Treatment-Related Kidney Toxicity

The antiretroviral drugs most strongly implicated in kidney 
injury are protease inhibitors (in particular indinavir and ata-
zanavir) and tenofovir disoproxil fumarate (TDF). Practitioners 
still report cases of CKD resulting from prior use of indinavir, 
although this drug is rarely used any longer. These individuals 
may present with scarring from chronic interstitial nephritis 
or obstructive nephropathy, posing increased risk for future 
comorbid CKD or treatment-related kidney toxicity. Although 
indinavir is the most strongly linked to interstitial nephritis 
and nephrolithiasis, all protease inhibitors are poorly solu-
ble in urine, resulting in crystalluria that can promote renal 
inflammation or stone formation. The risk of nephrolithiasis 
may be higher with atazanavir than with other commonly 
used protease inhibitors, and this drug has also been associ-
ated with decreased GFR in observational studies.15,16 

TDF-related kidney toxicity is generally a clinical diagnosis. 
A biopsy is not necessary for a person who is taking tenofovir 
who presents with typical tubular injury with hypophosphate-
mia, glycosuria, proteinuria, and an elevated creatinine level. 
If alternative therapy is available, the recommendation is  

HIV-Associated Kidney Disease

HIV-associated nephropathy (HIVAN) was the first kidney  
disease described in HIV-infected persons but is now infre- 
quently encountered in populations with access to antiretro-
viral therapy. It is most commonly seen in persons who are 
newly diagnosed with late-stage HIV infection or in those 
who have discontinued antiretroviral therapy, and it may 
present as AKI or CKD. In addition to HIVAN, the spectrum 
of HIV-associated kidney disease includes HIV immune com- 
plex kidney disease (HIVICK) and, less commonly, throm- 
botic microangiopathy. 

HIVAN is classically associated with rapid progression to 
ESRD, occurs in advanced HIV disease, and is observed almost 
exclusively in persons of African descent, who account for 
approximately 90% of HIVAN-related cases of ESRD. HIVAN 
has a distinct histology, representing a collapsing form of 
focal segmental glomerulosclerosis (FSGS). The pathogenesis 
of HIVAN requires local HIV infection of the kidney, with the 
virus infecting tubular and glomerular epithelial cells. Along 
with local infection of the kidney, systemic HIV infection and 
systemic immune dysfunction may also contribute to disease 
pathogenesis. The strong racial disparity in HIVAN and associ-
ated ESRD is related to polymorphisms in the APOL1 gene,  
a gene on chromosome 22 that encodes apolipoprotein 1 
and is associated with susceptibility to trypanosomiasis. Anti-
retroviral therapy is the recommended initial treatment for 
HIVAN, and there is some evidence of benefit with adjunctive 
therapies including angiotensin-converting enzyme inhibitors 
or angiotensin receptor blockers and corticosteroids. Most 
experts would limit the use of corticosteroids to patients with 
progressive disease despite antiretroviral therapy.8 

HIVICK has not been as well studied, in part because the 
term has been used to refer to a broad spectrum of heteroge-
neous glomerular diseases. The causal relationship between 
HIV infection and HIVICK is less clear than for HIVAN, and 
whether antiretroviral therapy can reverse or delay the pro-
gression of HIVICK is also unclear.  

Comorbid Kidney Disease

Although there has been a decrease in the incidence of HIVAN, 
comorbid CKD is a growing burden in the HIV-infected pop- 
ulation. Traditional risk factors for CKD, including black race,  
diabetes, hypertension, and coinfection with HCV, are over- 
represented in this population, making it difficult to dis-
tinguish the contribution of HIV infection. In a study by 
Medapalli and colleagues, HIV infection and diabetes had an 
additive effect on risk for CKD progression (Figure 2).9 Data 
from animal studies suggest that this may be related to syn-
ergistic inflammatory pathways upregulated by diabetes and 
HIV infection.10 

HCV infection is also associated with increased risk of 
kidney disease in HIV/HCV-coinfected persons.11 Whether 
injection drug use or other risk factors for HIV and HCV infec-
tions contribute to the increased risk of kidney disease has not 
been determined. Some studies have found an association 

Years

Figure 2. Additive effect of HIV infection and diabetes on progression 
of chronic kidney disease. Adapted from Medapalli et al.9
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to discontinue TDF. A biopsy to confirm TDF-related kid-
ney toxicity is warranted in cases in which there are atypical 
presentations or comorbidities or in which antiretroviral ther-
apy options are limited. 

In addition to being associated with proximal tubular 
dysfunction, TDF may also be associated with a decrease 
in creatinine clearance or GFR. In randomized and cohort 
studies, declines in creatinine clearance were greater with 
TDF-containing regimens than with regimens that did not 
contain TDF.17 In a study in the US Veterans Affairs popula-
tion, the hazard ratio for developing an estimated GFR below 
60 mL/min/1.73 m2 when taking a TDF-containing regimen 
was statistically significant for all subgroups except for per-
sons with preexisting CKD or diabetes, conditions which are 
likely stronger determinants of developing a low GFR.15 In 
addition to TDF, the protease inhibitors indinavir, atazanavir, 
and ritonavir-boosted lopinavir have been associated with 
CKD risk that increases with cumulative exposure.16 This 
increased risk has not been observed with other boosted pro-
tease inhibitors or with abacavir. 

Drug-drug interactions may also increase the risk of TDF-
related kidney toxicity by increasing exposure to tenofovir. 
In particular, the pharmacoenhancers ritonavir and cobici-
stat are both known to increase plasma concentrations of  
tenofovir. Vigilance is also warranted when using TDF with 
newer treatments for HCV infection. Tenofovir levels have 
been shown to increase when TDF is used concurrently with 
coformulated (/) ledipasvir/sofosbuvir with or without a rito-
navir-boosted protease inhibitor. 

In addition to the risk in HIV-infected persons, much 
remains to be learned about the potential for cumulative 
kidney toxicity in HIV-seronegative persons taking a TDF-con-
taining regimen long term as HIV preexposure prophylaxis; 
available evidence suggests a small but statistically significant 
decrease in creatinine clearance or GFR but an absence of 
overt kidney toxicity.18,19 

The newer prodrug tenofovir alafenamide (TAF) may re- 
duce the risk of kidney toxicity compared with TDF. TAF 
results in lower plasma concentrations of tenofovir than TDF, 
which is anticipated to result in a lower risk of exposure-
dependent kidney and bone toxicities. Premarketing clinical 
trials have demonstrated a favorable effect of TAF versus 
TDF on biomarkers of subclinical kidney injury or proxi-
mal tubular dysfunction, although adverse clinical events 
were very rare regardless of treatment assignment.20-22 In 
a small open-label study among individuals with creati-
nine clearance of 30 to 69 mL/min who were switched to a 
TAF-containing regimen, similar improvements in urine bio-
markers were observed among those whose initial regimen 
included TDF. Two participants in the study discontinued 
TAF during the follow-up period because of decreased 
creatinine clearance, although both had traditional risk fac-
tors for progressive kidney disease.23 Because tenofovir 
levels are increased following TAF administration in the set-
ting of decreased GFR, individuals in this setting should 
be monitored for potential drug-related kidney toxicity until 
ongoing studies confirm the safety of long-term use in this 

population. The safety of TAF in individuals with a prior his-
tory of TDF-related kidney toxicity has not been studied.

Management of ESRD in HIV-Infected Persons

Persons with well-controlled HIV infection and ESRD are 
candidates for both hemodialysis and peritoneal dialysis 
and should be evaluated for kidney transplantation. Early 
discussion and planning is important so that use of hemodi-
alysis catheters can be avoided, as HIV-infected persons are 
at similar, if not higher, risk for infection and other complica-
tions related to catheter use. HIV-infected kidney transplant 
recipients are at risk for substantial drug-drug interactions, 
and any change in antiretroviral therapy should be com-
municated to the transplant team immediately. Based on 
promising data from South Africa,24 an ongoing US study 
will evaluate the safety of kidney transplantation from HIV-
infected donors to HIV-infected recipients. If successful, this 
approach could reduce the wait time for kidney transplanta-
tion for HIV-infected persons, which may exceed 5 years in 
some urban areas. 

Presented by Dr Wyatt in December 2015. First draft prepared from 
transcripts by Matthew Stenger. Reviewed and edited by Dr Wyatt in 
February 2017.

Financial affiliations in the past 12 months: Dr Wyatt has no relevant 
financial affiliations to disclose. 
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Updated recommendations from the IAS–USA Antiretrovi- 
ral Guidelines Panel on antiretroviral therapy for the treat- 
ment and prevention of HIV infection in adults were  
published in the Journal of the American Medical Association 
in 2016.1 The recommendations were updated based on data 
supporting that all HIV-infected persons should receive antiret-
roviral therapy regardless of CD4+ cell count, new data on 
antiretroviral approaches for the treatment and prevention 
of HIV infection, and data on investigational uses of antiret-
roviral drugs. The 2016 recommendations include updated 
options for initial antiretroviral therapy, guidance for switch-
ing antiretroviral treatment in persons who achieve virologic 
suppression, recommendations for improving retention in 
care and adherence to treatment, and discussion of future di-
rections in HIV treatment and prevention. Table 1 provides the 
rating system for the strength of the recommendations and 
the quality of evidence supporting these recommendations. 
The full text of the article is available at no charge at www.
jamanetwork.com.

Dr Volberding is Professor of Medicine, Co-Director of the University 
of California San Francisco–Gladstone Center for AIDS Research, 
Director of the AIDS Research Institute, Director of Research in the 
Division of Global Health Sciences at University of California San 
Francisco, and Founding Volunteer Chairperson of the IAS–USA.

Updated recommendations from the IAS–USA Antiretro-  
viral Guidelines Panel on antiretroviral therapy for the 
treatment and prevention of HIV infection in adults were  
published in the Journal of the American Medical Assoc- 
iation in 2016. The updated, evidence-based recommend- 
ations address when to initiate antiretroviral therapy, 
recommended initial antiretroviral regimens, including 
integrase strand transfer inhibitor (InSTI)-based regi- 
mens, recommended regimens for persons in whom an  
InSTI is not an option, and special treatment consid- 
erations. The interface between antiretroviral therapy 
and opportunistic infections, when and how to switch  
antiretroviral therapy, laboratory monitoring, engage- 
ment in care, adherence to antiretroviral therapy, and 
use of antiretroviral therapy as HIV prevention are also 
discussed, as well as future directions in HIV treatment. 
This article summarizes an IAS–USA continuing educ- 
ation webinar presented by Paul A. Volberding, MD, in 
August 2016.

Keywords: HIV, antiretroviral therapy, recommendations, 
initial antiretroviral regimens, opportunistic infections, switch- 
ing antiretroviral therapy, prevention

Perspective

HIV Treatment and Prevention: An Overview  
of Recommendations From the 2016 IAS–USA 
Antiretroviral Guidelines Panel

When to Initiate Antiretroviral Therapy

Recommendations regarding when to initiate antiretroviral 
therapy are shown in Box 1. Initiation of antiretroviral therapy 
is recommended for all HIV-infected persons with detectable 
viremia, regardless of CD4+ cell count; persons with acute 
HIV infection in whom antiretroviral therapy should be initi-
ated as soon as possible; and persons who have persistently 
undetectable viral loads without antiretroviral therapy (“elite 
controllers”) but who have declining CD4+ cell counts. 

Planned discontinuation of early antiretroviral therapy 
after a specific duration of treatment is not recommended 
outside of a research setting. There is renewed interest in  
cure research using analytic treatment interruptions. How-
ever, planned discontinuation of antiretroviral treatment 
should only occur in the setting of a research trial in which 
individuals are closely monitored for viral relapse and prompt- 
ly retreated.

Recommended Initial Antiretroviral Regimens

The recommended initial antiretroviral treatment is an inte-
grase strand transfer inhibitor (InSTI) plus 2 nucleos(t)ide 
analogue reverse transcriptase inhibitors (nRTIs). InSTIs may 

Table 1. Ratings for Strength of Recommendation and  
Quality of Evidence

Rating Definition

Strength of recommendation

A Strong support for the recommendation

B Moderate support for the recommendation

C Limited support for the recommendation

Quality of evidence

Ia Evidence from 1 or more randomized clinical trials 
published in the peer-reviewed literature

Ib Evidence from 1 or more randomized clinical trials 
presented in abstract form at peer-reviewed scientific 
meetings

IIa Evidence from nonrandomized clinical trials or cohort 
or case-control studies published in the peer-reviewed 
literature

IIb Evidence from nonrandomized clinical trials or cohort 
or case-control studies presented in abstract form at 
peer-reviewed scientific meetings

III Recommendation based on the panel’s analysis of the 
accumulated available evidence

Adapted in part from Canadian Task Force on Periodic Health 
Examination.9 
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on the use of raltegravir and tenofovir alafenamide [TAF] are 
limited). InSTIs have a lower risk for drug-drug interactions 
than other classes of antiretroviral drugs. Of note, dolutegra-
vir is associated with low risk for resistance with virologic 
failure compared with the other 2 drugs in this class with-
out the need for boosting, which is required for elvitegravir. 
In sum, current data support the use of InSTIs as part of initial 
antiretroviral therapy. 

Recommended non–InSTI-containing initial antiretroviral 
regimens are darunavir (boosted with cobicistat or ritonavir) 
plus TAF/emtricitabine (slash indicates a coformulation), 
tenofovir disoproxil fumarate (TDF)/emtricitabine, or abaca-
vir/lamivudine; efavirenz/TDF/emtricitabine; or rilpivirine 
plus TAF/emtricitabine or TDF/emtricitabine. It is likely that 
many HIV-infected individuals are taking these regimens at 
present. Advantages and disadvantages of these regimens are 
shown in Table 3.

Table 4 shows recommended initial regimens in the set-
ting of special considerations: pregnancy, HIV/hepatitis B virus 
(HBV) coinfection, HIV/hepatitis C virus (HCV) coinfection, os-
teopenia or osteoporosis, and kidney disease. Some treatment 
recommendations for HIV-infected pregnant women, such 
as that for use of the InSTI raltegravir, reflect more clinical ex-
perience. TDF, TAF, lamivudine, or emtricitabine, which have 
activity against HBV infection, should not be discontinued 

be unavailable in some resource-limited settings; however, 
they are likely to become more available in the near future.

The 3 main currently available InSTIs are dolutegravir, 
elvitegravir, and raltegravir, and other InSTIs are in develop-
ment (Table 2). Data on these InSTIs vary (eg, prospective data  

Box 1. Recommendations for When to Initiate  
Antiretroviral Therapy

Initiation of antiretroviral therapy is recommended fora:

• All HIV-infected persons with detectable viremia, re-
gardless of CD4+ cell count (AIa)

• Persons with acute HIV infection. Antiretroviral thera-
py should be initiated as soon as possible (BIII)

• Persons with persistent undetectable viral load without 
antiretroviral therapy (“elite controllers”) but who have 
declining CD4+ cell counts (BIII)

Planned discontinuation of early antiretroviral therapy 
after a specific duration of treatment is not recommend-
ed outside of a research setting (AIa)

Adapted from Günthard et al.1
 aBaseline resistance testing is recommended for all persons, but 
initiating therapy prior to availability of the results may be appro-
priate in some cases.

Table 2. Recommended Initial InSTI-Containing Regimensa

InSTI-Containing  
Regimens

Evidence 
Rating

Advantages of InSTI Disadvantages of InSTI

Dolutegravir:

Dolutegravir/abacavir/ 
lamivudine

Dolutegravir plus TAF/ 
emtricitabine or TDF/ 
emtricitabine

AIa Superior to efavirenz and ritonavir-boosted 
darunavir in comparative clinical trials

Once-daily dosing

Dolutegravir (not coformulated) pill size  
is small

Lowest risk of resistance with virologic failure

Relatively few drug interactions

Can be taken with or without food

Superior to raltegravir in treatment- 
experienced persons

Only available coformulation is with abacavir/
lamivudine

Raises serum creatinine level owing to  
inhibition of tubular secretion of creatinine

Higher rates of insomnia and headache than 
comparators in some studies

Largest tablet among coformulated single- 
pill regimens

Elvitegravir:

Elvitegravir/cobicistat/TAF  
(or TDF)/emtricitabine

AIa Superior to ritonavir-boosted atazanavir  
in comparative clinical trial of HIV- 
infected women

Once-daily dosing

Requires pharmacokinetic boosting with  
cobicistat or ritonavir for once-daily dosing

Most drug interactions

Cobicistat raises serum creatinine level owing 
to inhibition of tubular secretion of creatinine

Should be taken with food

Raltegravir:

Raltegravir plus TAF/ 
emtricitabine

AIII Superior to ritonavir-boosted atazanavir and 
ritonavir-boosted darunavir in a comparative 
clinical trial

Longest safety record

Fewest drug interactions

Can be taken with or without food

Currently must be taken twice daily

Not coformulated as part of a complete  
regimenb

Abbreviations: InSTI, integrase strand transfer inhibitor; TAF, tenofovir alafenamide; TDF, tenofovir disoproxil fumarate. Adapted from 
Günthard et al.1

 aSlashes indicate a coformulation.
 bFormulation consisting of 2 pills given once daily is in development. 
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in HIV/HBV-coinfected persons. Entecavir may be consid-
ered as a treatment option for HIV/HBV-coinfected persons, 
although it can select for lamivudine- and emtricitabine-re- 
sistant HIV and should not be used if virus is not suppressed. 
The recommendations list the antiretroviral drugs that have 
the fewest interactions with current HCV direct-acting anti- 
viral drugs. However, the field of HCV treatment is changing 
rapidly, with regular introduction of new HCV drugs, and 
HCV treatment guidelines should be consulted frequently for 
updated information.2 

Other special considerations include treatment for HIV-
infected persons with known osteopenia or osteoporosis. 
TDF should be avoided in the setting of osteopenia or osteo-
porosis; there is evolving evidence that other nRTIs, including 
abacavir and TAF, may be used instead. Kidney disease also 
poses a challenge due to renal adverse effects associated with 
some antiretroviral treatments. The recommendations discuss 
various options for antiretroviral treatment depending on the 
degree of underlying renal impairment. 

Interface Between Antiretroviral Therapy and 
Opportunistic Infections
Discussion of the interface between antiretroviral therapy and 
opportunistic infections (OIs) is important because OIs are 
far less common in many settings and warrant the revisiting 
of treatment principles, and because they remain com-
mon in some resource-limited settings. Recommendations 

Box 2. Recommendations for the Interface Between  
Antiretroviral Therapy and Opportunistic Infections

• Initiate antiretroviral therapy within the first 2 weeks 
after diagnosis for most acute opportunistic infections, 
with possible exception of acute cryptococcal menin-
gitis (AIa)

• Initiate antiretroviral therapy within the first 2 weeks 
of initiation of tuberculosis treatment for persons with 
CD4+ cell counts of 50/µL and within the first 2 to 8 
weeks for those with CD4+ cell counts above 50/µL 
(AIa)

• Avoid using TAF or cobicistat-boosted elvitegravir with 
rifamycins (AIIb)

• Boosted protease inhibitor (PI)-based regimens should 
only be used if an InSTI is not an option, and rifabutin 
150 mg daily should be substituted for rifampin in the 
anti-TB regimen (AIa)

• Primary MAC prophylaxis is not recommenced if ef-
fective antiretroviral therapy is initiated immedi- 
ately (AIIa)

• Primary PCP prophylaxis is still recommended for 
those who meet CD4+ cell count criteria (AIa)

Abbreviations: MAC, Mycobacterium avium complex; PCP, 
Pneumocystis jiroveci pneumonia; PI, protease inhibitor; TB, 
tuberculosis. Adapted from Günthard et al.1

Table 3. Recommended Initial Non–InSTI-Containing Regimensa

Non–InSTI-Containing  
Regimens

Evidence 
Rating

Advantages Disadvantages

Darunavir/cobicistat or  
darunavir/ritonavir plus  
TAF/emtricitabine,  
TDF/emtricitabine,  
or abacavir/lamivudine

AIa Low risk of resistance with virologic failure, 
even with intermittent adherence

Requires pharmacokinetic boosting; many 
drug interactions

Ritonavir-boosted darunavir inferior to ralte-
gravir and dolutegravir in separate compara-
tive clinical trials

Results of comparative, fully powered stud-
ies of cobicistat-boosted darunavir as initial 
therapy are not yet available

Efavirenz/TDF/emtricitabine AIa High efficacy in individuals with baseline  
HIV RNA level >100,000 copies/mL

Extensive experience in individuals with  
concomitant tuberculosis

Widely available globally

Relatively high rate of rash

No single-tablet form available with TAF

High rates of neuropsychiatric adverse effects

Increased risk of suicidality in one study; 
avoid in patients with history of depression

Rilpivirine/TAF (or TDF)/ 
emtricitabine

AIa Lowest risk of rash among NNRTI- 
based therapies

Low risk of metabolic adverse effects

Smallest tablet among single-pill regimens

Not recommended for patients with HIV  
RNA level >100,000 copies/mL or CD4+ cell 
count <200/μL owing to increased risk of 
virologic failure

Must be taken with a meal

Should not be administered with proton 
pump inhibitors; stagger dosing if given with 
an H2 blocker

Abbreviations: InSTI, integrase strand transfer inhibitor; NNRTI, nonnucleoside analogue reverse transcriptase inhibitor; TAF, tenofovir  
alafenamide; TDF, tenofovir disoproxil fumarate. Adapted from Günthard et al.1

 aSlashes indicate a coformulation. 
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regarding the interface between antiretroviral therapy and 
OIs are shown in Box 2.

Antiretroviral therapy should be initiated within 2 weeks 
of diagnosis for most acute OIs. A possible exception is 
acute cryptococcal meningitis, as initiating HIV treatment too 
soon in this setting may result in immune reconstitution 

inflammatory syndrome, which can cause considerable chal-
lenges given the compressed space of the central nervous 
system. Although there has been much debate, it is rec-
ommended that antiretroviral therapy be initiated within 
the first 2 weeks of initiating tuberculosis (TB) treatment for 
HIV-infected persons with CD4+ cell counts below 50/µL and 

Table 4. Recommended Initial Antiretroviral Regimens: Special Considerationsa

Special Consideration Evidence 
Rating

Advantages Disadvantages

Pregnancy AIa Abacavir/lamivudine (if HLA-B*5701 nega-
tive), TDF/emtricitabine, or zidovudine/ 
lamivudine

Raltegravir is the recommended InSTI

Recommended boosted PIs include atazana-
vir/ritonavir (once daily) or darunavir/ritonavir 
(twice daily)

Efavirenz is the recommended NNRTI when 
initiated after the first 8 weeks of pregnancy

Initiate antiretroviral therapy for the woman’s 
own health and to reduce likelihood of 
mother-to-child transmission of HIV (AIa)

HBV coinfection AIa Initiate recommended antiretroviral therapy 
regimen that contain TDF or TAF, lamivudine 
or emtricitabine, and a third component

High risk of HBV resistance and viral break-
through if lamivudine or emtricitabine are 
used without TDF or TAF, and neither is 
recommended alone for HBV coinfection

AIII Entecavir may be used but should be 
avoided if HIV RNA is not suppressed

Entecavir may be used but should be avoided 
if HIV RNA is not suppressed

HCV coinfection AIIa Regimens that have the fewest drug inter-
actions with current HCV treatments are:
  • dolutegravir/abacavir/lamivudine
  •  dolutegravir or raltegravir plus TAF/ 

emtricitabine

Avoid antiretroviral drugs with substantial 
drug interactions with HCV therapies

Clinicians should consult current HCV treat-
ment guidelines prior to using any other 
antiretroviral therapy regimens, particularly  
those that include NNRTIs, boosted HIV PIs, 
or elvitegravir/cobicistat

Osteopenia or osteoporosis AIa  

AIa 

 AIa  

AIII

Dolutegravir/abacavir/lamivudine

Dolutegravir plus TAF/emtricitabine

Elvitegravir/cobicistat/TAF/emtricitabine

Raltegravir plus TAF/emtricitabine

TDF is not recommended  (BIII)

Kidney diseaseb AIa 
AIa 
AIa

AIII 
AIa

AIIa

Dolutegravir/abacavir/lamivudine

Dolutegravir plus TAF/emtricitabine

Elvitegravir/cobicistat/TAF/emtricitabine

Raltegravir plus TAF/emtricitabine

TAF can be used if creatinine clearance is 
above 30 mL/min

TAF should be initiated only after tubu- 
lopathy has resolved, with monitoring  
for recurrence

Estimated glomerular filtration rate, uri-
nalysis, and testing for glycosuria and albu-
minuria or  proteinuria when antiretroviral 
therapy is initiated or changed and every 6 
months (BIII)

TDF should be avoided in persons with cre-
atinine clearance rate below 60 mL/min (AIa)

TDF or TAF should be discontinued if renal 
function worsens, particularly if there is evi-
dence of proximal tubular dysfunction (AIIa)

Persons with end-stage renal disease should 
be evaluated for kidney transplantation with 
expectation of high rates of patient and graft 
survival (AIIa)

Abbreviations: HBV, hepatitis B virus; HCV, hepatitis C virus; InSTI, integrase strand transfer inhibitor; NNRTI, nonnucleoside reverse tran-
scriptase inhibitor; PI, protease inhibitor; TAF, tenofovir alafenamide; TDF, tenofovir disoproxil fumarate. Adapted from Günthard et al.1

 aSlashes indicate a coformulation. 
 bLong-term data on TAF in individuals with renal disease are limited and safety has not been determined.
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within the first 2 to 8 weeks for those with CD4+ cell counts 
above 50/µL. TAF or cobicistat-boosted elvitegravir should not 
be used with rifamycins. Further, a boosted protease inhibi-
tor (PI)-based regimen should be used only if InSTIs are not 
an option, and rifabutin should be substituted for rifampin in 
TB regimens. 

With regard to OI prophylaxis, there is strong evidence 
that initiating antiretroviral therapy will prevent the need 
for Mycobacterium avium complex prophylaxis. However, 
Pneumocystis jiroveci pneumonia prophylaxis should still be 
initiated in persons with a CD4+ cell count below 200/µL.

When and How to Switch Antiretroviral Therapy

Reasons for switching antiretroviral therapy include adverse 
effects, simplification of regimen (doses or pills), drug-drug 
interactions, pregnancy or plans for pregnancy, food re-
strictions, and regimen modernization. Recommendations 
regarding switching antiretroviral therapy are shown in Box 3. 

Review of treatment history and results from prior re-
sistance testing are recommended before any treatment 
switches are made. Proviral DNA genotype testing may be 
helpful in detecting archived resistance mutations, to mini-
mize the risk of loss of virologic suppression when switching 
treatment. However, the clinical utility of proviral DNA geno-
type testing is not yet established, and it may fail to detect 
existing resistance mutations.

In the absence of a price increase, modernizing an anti- 
 retroviral regimen by switching from TDF to TAF is reason- 

able to avoid risk of TDF-induced renal and bone toxicities. 
Switching from a boosted PI to a nonnucleoside analogue 
reverse transcriptase inhibitor (NNRTI) or an InSTI (with 
the possible exception of dolutegravir) or switching from 
twice-daily ritonavir-boosted darunavir to once-daily cobici-
stat-boosted darunavir is recommended, but these switches 
should not be made without consideration of a person’s viral  
resistance profile. 

Laboratory Monitoring

Recommendations for laboratory monitoring reflect evi-
dence that supports specific monitoring practices, although 
some recommendations for monitoring are based on less 
than optimal amounts of prospective clinical evidence. Re- 
commendations for laboratory monitoring and a panel of  
tests that are recommended before initiation of antiret-
roviral therapy are shown in Box 4. As rapid initiation of 
antiretroviral therapy becomes more common, including 
in the setting of acute HIV infection, the necessity of per-
forming these tests before initiation of antiretroviral therapy 
should be further considered. Genotypic testing for nRTI-, 
NNRTI-, and PI-associated resistance mutations is recom-
mended for all HIV-infected persons. At this time, routine 
baseline genotype testing for InSTI-associated resistance 
mutations is not considered necessary. The rate of InSTI-
associated resistance in transmitted virus remains low but 
warrants monitoring..  

All laboratory specimens should be drawn prior to initia-
tion of antiretroviral therapy, and resistance testing results 
should be used to modify a regimen as necessary. It is recom-
mended that plasma HIV RNA level be monitored every 4 to 6 
weeks after initiating or changing antiretroviral therapy until 
virus is undetectable. 

Plasma HIV RNA level should be monitored every 3 
months after viral suppression is achieved and until virus is 
suppressed for 1 year and at least every 6 months thereafter 
in persons who remain clinically stable. Individuals should be 
reassessed every 3 to 4 months if their pretreatment CD4+ 
cell count is below 200/µL until their viral load is reliably 
suppressed and CD4+ cell count is above 350/µL for 1 year. 
Thereafter, CD4+ cell count can be assessed at 6-month inter-
vals until virus has been suppressed for at least 2 years and 
CD4+ cell count is stably above 500/µL. 

Measurement of plasma HIV RNA level should be repeated 
within 4 weeks if it remains above the limit of quantifica-
tion by 24 weeks after starting new treatment or if there is 
viral rebound above 50 copies/mL. Tropism testing should be 
performed at the time of virologic failure of a CC chemokine 
receptor 5 inhibitor (eg, maraviroc). 

Repeat monitoring of CD4+ cell count is not necessary 
when virus has been suppressed for at least 2 years and 
CD4+ cell count is persistently above 500/µL, unless viro-
logic failure or intercurrent immunosuppressive conditions 
occur or immunosuppressive treatment is initiated. How-
ever, improved quality of evidence is desired in support of 
this recommendation.

Box 3. Recommendations for When and How to Switch 
Antiretroviral Therapy

• Induction maintenance strategies are not recom-
mended at this time (BIIa)

• Review of treatment history and results of prior re-
sistance tests is recommended before any treatment 
switches are made (AIa)

 - Proviral DNA genotype testing may be helpful 
in detecting archived mutations; however, clini-
cal utility is not yet established and proviral DNA 
genotype testing may fail to detect existing  
mutations

• If there is no increase in price, switching from TDF 
to TAF is reasonable even if patients are not experi-
encing TDF-related toxic effects (BIa)

• Switching from a boosted PI to an NNRTI or InSTI 
(with the possible exception of dolutegravir) or 
switching from twice-daily ritonavir-boosted daruna-
vir to once-daily cobicistat-boosted darunavir is not 
recommended without consideration of a patient’s 
viral resistance profile (AIII)

Abbreviations: InSTI, integrase strand transfer inhibitor; NNRTI, 
nonnucleoside analogue reverse transcriptase inhibitor; TAF, te-
nofovir alafenamide; TDF, tenofovir disoproxil fumarate. Adapted 
from Günthard et al.1
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Engagement in Care and Adherence  
to Antiretroviral Therapy

Recommendations regarding engagement in care and ad-
herence to antiretroviral therapy are shown in Box 5. These 
recommendations are designed to improve early diagnosis 
of HIV infection, access and linkage to care, retention in care, 
and adherence to antiretroviral therapy. 

Routine opt-out HIV screening is recommended in primary 
medical care settings and emergency departments and for all 
pregnant women. Programmatic monitoring of time to care 
linkage following initial HIV diagnosis, of retention in care, 
of adherence to antiretroviral therapy, and of rates of viral 
suppression in all care settings is recommended to collect 
more and better data on the cascade of HIV care. Emerging 
evidence supports the role of brief case management after 
HIV diagnosis in improving engagement in care.3,4 Similarly, 
there is evidence that rapid intervention following a missed 
clinic visit can improve retention in care.5,6 Additional rec- 
ommendations have been made for the use of directly ob-
served antiretroviral therapy in methadone maintenance 
programs and other settings, opioid substitution therapy for 
opioid-dependent persons, validated adherence instruments 
for self-reporting and pharmacy refill data to monitor 
adherence to antiretroviral therapy, and routine screening 
for depression.

Box 5. Recommendations for Engagement in Care and 
Adherence to Antiretroviral Therapy

Recommended:

• Routine opt-out HIV screening in primary medical 
care settings and emergency departments and for all 
pregnant women (AIII)

• Programmatic monitoring of time to care linkage 
following initial HIV diagnosis, retention in care, 
adherence to antiretroviral therapy, and rates of viral 
suppression in all care settings (AIIa)

• Brief case management after HIV diagnosis (AIa)

• Rapid intervention following a missed clinic visit (AIIa)

• Integration of directly observed antiretroviral therapy 
in methadone maintenance programs (BIa) and as 
a treatment strategy among persons with substance 
use disorders (BIa) and those who are incarcerated or 
released to the community (CIII)

• Opioid substitution therapy for opioid-dependent 
persons (AIIa)

• Monitoring of adherence using self-reports by validated 
adherence instruments and pharmacy refill data (AIIa)

• Routine screening for depression (AIII)

Adapted from Günthard et al.1

 

Box 4. Recommendations for Laboratory Monitoring

Recommended:

• Preantiretroviral therapy tests: CD4+ cell count, plasma 
HIV-1 RNA, HAV, HBV, and HCV serologies, serum chem-
istries, estimated creatinine clearance rate, complete 
blood cell count, urine glucose and protein tests, STI 
screening, and fasting lipid profile (AIII)

• Genotypic testing for reverse transcriptase and protease 
mutations for all persons (AIIa)

• Confirmation of HLA-B*5701 and CC chemokine recep-
tor 5 tropism test results prior to initiating therapy with 
abacavir and maraviroc, respectively

• Draw all laboratory specimens prior to first dose of anti-
retroviral therapy if antiretroviral therapy is initiated on 
the first clinic visit (AIII)a

• Monitor HIV RNA level every 4 to 6 weeks after initiating 
or changing treatment until virus is undetectable (AIa)

• Monitor HIV RNA level every 3 months after viral sup-
pression is achieved and until virus is suppressed for 1 
year and at least every 6 months thereafter in adherent 
persons who remain clinically stable (AIII)

• Reassess every 3 to 4 months if pretreatment CD4+ cell 
count is below 200/µL, and every 3 to 4 months until 
viral load is reliably suppressed and CD4+ cell count 

is above 350/µL for 1 year; thereafter, assess CD4+ cell 
count at 6-month intervals until virus has been sup-
pressed for at least 2 years and CD4+ cell count is stable 
above 500/µL (AIII)

• Repeat assay within 4 weeks if HIV RNA level remains 
above the limit of quantification by 24 weeks after initi-
ating new treatment or if rebound above 50 copies/mL 
occurs (AIIa)

• Tropism testing at the time of virologic failure of a CC 
chemokine receptor 5 inhibitor (AIa)

Not recommended:

• Routine screening for integrase resistance prior to treat-
ment initiation unless the source virus is suspected to 
have been from someone in whom treatment containing 
an InSTI failed (BIII)

• Therapeutic drug monitoring except in specific circum-
stances (BIII)

• When virus has been suppressed for at least 2 years and 
CD4+ cell count is persistently above 500/µL, repeat 
monitoring of CD4+ cell count is not recommended 
unless virologic failure (AIIa) or intercurrent immunosup-
pressive conditions occur or immunosuppressive treat-
ments are initiated (AIII)

Abbreviations: HAV, hepatitis A virus; HBV, hepatitis B virus; HCV, hepatitis C virus; InSTI, integrase strand transfer inhibitor; STI, sexually 
transmitted infection. Adapted from Günthard et al.1
 aResistance testing results should be used to modify the regimen as necessary.
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HIV Prevention

The use of antiretroviral drugs has expanded beyond treat- 
ment of HIV infection at an individual level to include treat- 
ment as prevention (by reducing transmission risk), preex-
posure prophylaxis (PrEP), and postexposure prophylaxis 
(PEP). Recommendations for HIV prevention are shown in 
Box 6.

PrEP is recommended for populations in which incidences 
of HIV infection are high and for HIV-uninfected partners 
of HIV-infected persons who are not virally suppressed. 
Currently, US Food and Drug Administration–approved PrEP 
for HIV infection is limited to daily TDF/emtricitabine. Poten-
tial alternatives are being evaluated. 

There is evidence that rates of sexually transmitted infec-
tions (STIs) are high among persons taking PrEP.7 Thus, it is 
recommended that follow-up of persons taking PrEP occurs 
every 3 months to allow for HIV testing and STI screening. 
Persons taking PrEP who are at risk for HIV infection on 
clinical grounds or while awaiting HIV RNA confirmation of 
equivocal screening test results should receive a boosted PI 
or dolutegravir in addition to TDF/emtricitabine pending viral 
load and resistance test results. 

TDF-based PrEP is not recommended for individuals with 
osteopenia, osteoporosis, or a creatinine clearance rate below 
60 mL/min. TAF/emtricitabine as PrEP must be evaluated in 
clinical trials. 

PEP should be started as soon as possible after exposure to 
HIV without waiting for confirmation of HIV serostatus or the 
results of viral load or resistance testing. Recommended PEP 
regimens are TDF/emtricitabine plus twice-daily raltegravir 
or once-daily dolutegravir, TDF/emtricitabine plus cobicistat- 
or ritonavir-boosted darunavir, and elvitegravir/cobicistat/
TDF/emtricitabine. PEP regimens should be continued for 28 
days. HIV serostatus should be reassessed at 4 to 6 weeks, 3 
months, and 6 months after exposure. 

Future Directions

New therapies for HIV infection must be potent, simple, safe,  
and tolerable and must fulfill specific needs, such as the need  
for treatments with activity against multidrug-resistant vari- 
ants or treatments that are available in long-acting formula-
tions. Investigational long-acting antiretroviral therapy may 
allow persons who have difficulty with daily oral therapy to 
maintain viral suppression, may allow for directly observed 
therapy in clinical or nontraditional settings, and may serve 
as alternative treatment during periods when oral therapy is 
difficult. Long-acting antiretroviral treatment and prevention 
approaches containing rilpivirine, the investigational InSTI 
cabotegravir, and the investigational microbicide dapivirine 
(in a vaginal ring) are currently being studied. With long-
acting therapies, individuals and retention in care should be 
closely monitored to avoid risk for the emergence of resis-
tance to treatment. 

Broadly neutralizing antibodies are also being studied, and 
an increasing number of monoclonal antibodies have been 

identified. These agents, which act to clear replicating virus 
and infected cells, may have a role in cure strategies and 
may provide passive immunization to protect individuals at 
risk for HIV infection. Challenges with these therapies include 
the need for parenteral dosing, potential development of 
anti-idiotypic antibodies, and potential resistance to broadly 
neutralizing antibodies in HIV-infected persons.

The IAS–USA recommendations also discuss cure strate-
gies. In functional cure, HIV infection is controlled without 
therapy and without the consequences of HIV-related immune  
activation or inflammation. In eradication cure, all repli-
cation-competent virus is purged. Cure strategies must have 
limited risk, given the safety and effectiveness of current 

Box 6. Recommendations for HIV Preventiona

Recommended:

• PrEP for anyone from a population in which HIV 
incidence is at least 2% per year (AIa) or for HIV-sero-
negative partners of HIV-infected persons who are not 
virally suppressed (AIa)

• Daily TDF/emtricitabine for PrEP (AIa)

• Follow-up at intervals of no longer than every 3 
months to allow for HIV testing (AIII) and STI screen-
ing (BIIb)

• Persons taking PrEP who have suspected HIV infec-
tion on clinical grounds or are awaiting HIV RNA con-
firmation of equivocal screening test results should 
have a boosted PI or dolutegravir added to TDF/
emtricitabine pending HIV RNA and resistance testing 
results (AIII)

• PEP as soon as possible after HIV exposure without 
waiting for confirmation of HIV serostatus or results 
of HIV RNA or resistance testing (AIII)

• TDF/emtricitabine plus twice-daily raltegravir or once-
daily dolutegravir, TDF/emtricitabine with cobicistat- 
or ritonavir-boosted darunavir, or TDF/emtricitabine/
cobicistat/elvitegravir for PEP (AIIb)

• PEP regimens should be continued for 28 days, and 
HIV serostatus should be reassessed at 4 to 6 weeks, 
3 months, and 6 months after HIV exposure (AIIb)

Not recommended:

• TDF-based PrEP for individuals with osteopenia or os-
teoporosis (7III) or a creatinine clearance rate of less 
than 60 mL/min (AIIa); it should be used with caution 
in individuals with chronic HBV infection (BIIa)

• TAF/emtricitabine for PrEP until effectiveness has 
been demonstrated in clinical trials (AIII). Use of non–
TDF-containing PrEP or augmentation of PrEP with 
TDF/emtricitabine with other agents (AIII)

Abbreviations: HBV, hepatitis B virus; PEP, postexposure prophy-
laxis; PrEP, preexposure prophylaxis; STI, sexually transmitted 
infection; TAF, tenofovir alafenamide; TDF, tenofovir disoproxil 
fumarate. Adapted from Günthard et al.1

 aSlashes indicate a coformulation.



IAS–USA        Topics in Antiviral Medicine

24

antiretroviral therapy. Cure strategies being evaluated include 
the “shock-and-kill” strategy in which latent virus is reacti-
vated and purged from reservoirs; gene therapy, consisting 
of knocking in protective genes or knocking out susceptible 
genes; and immune enhancement using therapeutic vac-
cines and immune checkpoint modulators.

The world of HIV therapeutics has progressed rapidly 
since the 2014 IAS–USA recommendations on antiretroviral 
treatment.8 There are now more potent and convenient regi-
mens available, often as single daily pills, and the potent role 
these drugs can play in prevention as well as in treatment 
is recognized. The possibility that the combination of uni-
versal treatment and appropriate use of PrEP may bring the 
HIV epidemic finally under control is exciting, even as the 
search for a cure continues. These developments will be fol-
lowed closely and the IAS–USA recommendations will be 
updated as needed. 

Presented by Dr Volberding in August 2016. First draft prepared from 
transcripts by Matthew Stenger. Reviewed and edited by Dr Volberding 
in February 2017.

Financial affiliations in the past 12 months: Dr Volberding has served 
on data and safety monitoring boards for Merck.
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