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2013 Recommendations for  
ART Initiation 

• ART is recommended for all HIV-infected ART-naive 
pts to reduce risk of disease progression and 
transmission 
– Strength of recommendation varies by CD4+ cell count 

and risk group (perinatal, heterosexual, other) 
– Pts should be ready to commit to ART and understand 

benefits and risks of therapy and importance of 
adherence; individual pts may elect to defer ART 

• Selection of a regimen should be individualized on 
the basis of virologic efficacy, toxicity, pill burden, 
dosing frequency, drug–drug interaction potential, 
resistance testing results, and comorbid conditions 

DHHS Guidelines. February 2013.  



Considerations When Selecting  
First-line Antiretroviral Therapy 

 Baseline  HIV-1 RNA level 

 Baseline CD4+ cell count 

 Age 

 Sex 

 Occupation (eg, work schedule) 

 Comorbid conditions (eg, CV 

risk, renal abnormalities) 

 Plans for pregnancy 

 Access to care 

 Concurrent medications 

 Adherence to other medications 

 Genetics (eg, HLA-B*5701) 

 Viral tropism 

Patient/Viral Factors Antiretroviral Drug Factors 

 Efficacy 

 Baseline drug resistance  

 Tolerability  

 Long-term toxicity/metabolic 

effects 

 Drug–drug interactions 

 Dosing frequency 

 Pill burden 

 Pharmacokinetics 

 Cost 



All the current guidelines agree that  

the primary goal of antiretroviral therapy  

is to suppress HIV RNA maximally  

(<20–75 copies/mL, depending on the assay used)  

in order to preserve immunologic function and  

increase disease-free survival 

   October 2013 
February, 2013 July 2012 



Delaying ART to <350 (but not <375) cells/mm3 is associated with an increased 

risk of AIDS or death 

ART-CC: Delay in starting ART is associated 

with an increased risk of AIDS or death 

Hazard ratios for AIDS or death, adjusted for lead time/unseen events 

CD4 Threshold (cells/mm3) 
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Comparison Hazard Ratio (95% CI) 

276–375 vs 376–475 1.19 (0.96 to 1.47) 

251–350 vs 351–450 1.28 (1.04 to 1.57) 

226–325 vs 326–425 1.21 (1.01 to 1.46) 

Adapted from: Sterne J et al. 16th CROI 2009; Montreal, Canada. Oral abstract 72LB. 



Adapted from: Robbins GK et al. Clin Infect Dis 2009; 48:350–361. 

After 3 years’ follow-up, patients with baseline CD4 cell counts >350 cells/mm3 

approached those of uninfected reference individuals (pink box); patients with 

baseline CD4 <350 cells/mm3 generally did not regain normal counts 

ACTG 384: Immunological recovery over time 

N = 978 

1000 

800 

600 

400 

200 

0 

0 24 48 72 96 120 

1200 

144 

C
D

4
 c

e
ll
 c

o
u

n
t 

(c
e
ll
s
/m

m
3
) 

  0–50 
 > 50–200 
 > 200–350 
 > 350–500 
 > 500 



During combination antiretroviral therapy, virological 

undetectability is frequently achieved.  

..even if at different times! 

..Indeed…. 



Santoro et al., Antivir ther 2013 



The time to achieve virological undectability and the rate of success at 
48 week are pre-HAART viremia dependent 

Santoro et al., Antivir ther 2013 
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a Reference range. 

 b Adjusted for: gender, age, pre-HAART CD4 cell count,  transmitted drug resistance, calendar year, third drug (PI vs. NNRTI). 

Santoro et al., Antivir ther 2013 

Patients having pre-HAART viremia >500K copies/mL have the lowest relative 

hazard to achieve virological success in comparison to other ones, also after 

adjusting for gender, age, pre-HAART CD4 cell count, transmitted drug 

resistance, calendar year and third drug administered (PI/r vs. NNRTI)  



Background. The current goal of antiretroviral therapy (ART) is to maintain a suppressed human immunodeficiency virus 
(HIV) viral load below limits of assay detection. When viral loads remain in low-level viremia (LLV), especially between 50 
and 200 copies/mL, the best management and clinical consequences remain unknown. Our objective was to study the 
long-term impact of persistent LLV on the subsequent risk of virologic failure in a cohort of people living with HIV in 
Montreal, Canada. 
Methods. We compared the cumulative incidence of subsequent virologic failure (defined as an HIV RNA viral load of 
>1000 copies/mL) in patients receiving ART for at least 12 months by following 4 persistence categories (<50, 50–199, 
200–499, and 500–999 copies/mL) for 6, 9, or 12 months, using Kaplan-Meier analysis. The association between 
subsequent virologic failure and persistence status were estimated using a Cox proportional hazards model.  
Results. The cumulative incidence of virologic failure 1 year after having maintained a LLV for 6 months was 22.7% (95% 
confidence interval [CI], 14.9–33.6) for 50–199 copies/mL, 24.2% (95% CI, 14.5–38.6) for 200–499 copies/mL, and 58.9% 
(95% CI, 43.1–75.2) for 500–999 copies/mL, compared with 6.6% (95% CI, 5.3–8.2) for an undetectable HIV RNA viral 
load. Even after adjustment for potential confounders, a persistent LLV of 50–199 copies/ mL for 6 months doubled the 
risk of virologic failure (hazard ratio, 2.22; 95% CI, 1.60–3.09), compared with undetectable viral loads for the same 
duration. Similar results have been found for persistent LLV of 9 or 12 months.  
Conclusions. In this cohort, all categories of persistent LLV between 50 and 999 copies/mL were associated with an 
increased risk of virologic failure. The results shed new light for the management of patients with LLV, especially with 
regard to LLV of 50–199 copies/mL.  

Laprise et al, CID 2013 



The cumulative incidences of subsequent virologic failure (ie, > 1000 copies/mL) 
over 5 years, following persistence of LLV was significantly higher for all LLV strata 
compared to who maintained undetectable HIV load. 

Laprise et al, CID 2013 



AIDS 2011;53:927–935 



Cumulative plasma HIV 

burden, demonstrated 

prognostic value for all-

cause mortality among 

2027 HIV-infected 

patients following ART  

 
(viral load values prior to 24 

weeks of ART initiation were 

excluded) 

Mugavero et al., AIDS 2011;53:927–935 



- Obtaining and maintaining 
undetectable viral level is crucial for 
long-term success 
 
- Avoiding (and properly managing) 
drug resistance helps in achieving 
this clinical result 



Initiating HAART earlier reduces the 

development of resistance at virological failure  

Uy J et al. JAIDS 2009; 51:450–453. 

Frequency of genotype mutations among persons with virologic failure after successful 

suppression on HAART, by CD4 cell count at HAART (N=78), the HOPS, 1999–2006 
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HOPS =  HIV Outpatient Study 



 Virus continues to evolve if kept under 

pressure of failing antiviral therapy… 
 

This may increase cross-resistance, and then 

decrease chances of efficacy of subsequent drugs 

and regimens. 
 

In the frame of a correct therapeutic sequencing, 

first failing therapies should be changed as soon 

as possible after definition of virological failure. 



Cozzi-Lepri, AIDS 2007 

Evolution of drug resistance in patients 
remaining on a virologically failing cART 

•  110 patients on failing cART for a median of 11 months (range 6-50) 
•  Overall, 6-monthly increase of 1.96 IAS mutations, and an average loss 
of 1.25 active drugs were estimated 



2012 



2012 





Class-wide-resistance, Particularly if 

Extended to All 3 ARV Classes, Is Related to 

Poor Outcomes 

Probability of surviving an 

AIDS related death 

Probability of surviving/remaining 

free from AIDS events 

Months from Genotypic Resistance Testing 
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Resistance is irreversible and limits treatment options 

Zaccarelli M et al. AIDS 2007;21:1824-26. 



• Combination antiretroviral therapy to 

suppress HIV replication to below the 

levels of detection of sensitive plasma HIV 

RNA assays limits the potential for 

selection of antiretroviral resistant HIV 

variants and delays disease progression.  

 

•Therefore, maintaining an adequate 

pressure over the virus is crucial at 

anytime during antiviral therapy.  



• First seropositivity: 1987 

• Drugs previously received:   

 

From 1991  to December 2004 

NRTI: ATZ, DDI, D4T, TDF, FTC, 3TC 

NNRTI: EFV  

PI: IDV, RTV, LPV/r, ATV/r  

 

From January 2005 to December 2006 

Therapy interruption      

 

From January 2007 to July 2008: 

TDF, FTC, FPV/r 

On July 2008: VL 43861 cps/ml; CD4 350 cells/mm3   

Risk Factor: 

unknown 

Clinical Case: ID 7583  - Patient  

infected with HIV-1 B subtype 

Age: 

 35 
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>500000 cps/ml 

Undetectability threshold 

Aug ’06 - Jul ‘08 
FTC TDF FPV/r 

GRT July 2008 

PR: L63ST  

RT: L74LI V108VI 

T215TADN 

IN: none 

in out 

Other pol mutations                                

PR: I15V R41K E65D 

RT: V21VI D123E S162A 

D177DE G196E A272P 

V276I E297K 

IN: V31VIM I84VI T112AV 

M154I K211R 

Aug ’08 (for 15 days) 

ddI FTC FPV/r 
Aug ’08 – Jul ‘10 

FPV/r RAL 
Aug – Dec ’10 

NVP RAL 

GRT December 2010 

PR: : M46L L63P I84V I93L 

RT: A62V K103N M184V Y188L T215Y 

IN: N155H 

GP-120(V3): G15A E25D 

Tropism*: Prevalence of a R5 tropic virus 

(FPR*: 66.8%) 
* Geno2pheno algorithm 

in out 

Other pol mutations 

PR: I15V R41K E65D 

RT: V21I, D123E, I135L, D177E, G196E, 

T200I, A272P, E297K 

IN: S17N V31I I60M I84V M154I I208M K211R 

D288N 

Virological failure after lowering genetic 

barrier by simplification to Raltegravir 

and Nevirapine 



Resistance to antiviral drugs 

The (in)ability of the virus to replicate in the presence of 

antiretroviral drugs 

Caused by changes in relevant part of the virus genome 

(mutations) 



The emergence of resistance is the inevitable 

consequence of incomplete suppression of viral 

replication (HIV/HBV/HCV) by the current antiretroviral 

drugs, and is a frequent and major limitation of 

antiviral therapy.  



Viral escape 

• The ability of a virus to escape antiviral pressure 
depends also upon the characteristics of drugs. 
 

• Genetic barrier: The number of mutations 
required by the virus to develop a fully resistant 
virus. 
 
– Low genetic barrier: Drugs whose efficacy is lost 

with a single mutation. 

– High genetic barrier: Drugs whose efficacy is lost 
only after the sequential appearance and selection of a 
substantial number of mutations. 



Selection  -> Resistance  

A single mutation preexisting therapy, selected under antiviral 

pressure: an easy and rapid phenomenon 

 

 

Inconsistent antiviral pressure 
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For instance NNRTI (K103N) 

(genetic barrier = 1) 



Selection + Generation -> Resistance  

 A mutation preexisting therapy, conferring only marginal 

resistance, selected under antiviral pressure... 
Selection 
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For instance, ritonavir-boosted PIs 

… a long-term phenomenon 



Selection 

V
ir

a
l 
lo

a
d
/ 
fr

e
q
u
e
n
c
y
 

time 

wt 

Single mut. Double mut. 

Resist.mut. 

Selection + Evolution 
 A mutation preexisting therapy, conferring marginal resistance, selected 
under antiviral pressure, followed by the generation of further mutations 

while continuing antiviral therapy 

For instance, ritonavir-boosted PIs 

Evolution toward high resistance and high fitness 
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For instance boosted PI 

Evolution toward high resistance and high fitness 

Selection + Generation -> Resistance  

 A mutation preexisting therapy, conferring marginal resistance, selected 

under antiviral pressure, followed by the generation of further mutations 

while continuing antiviral therapy 

Events that require a long-term 

failing treatment to occur 

Triple/quadruple mutant 



Genotypic resistance testing in HIV-1 infected 
patients is now recommended to guide the 
choice of antiretroviral therapy in clinical 
practice.  

   October 2011 

March 27, 2012 



Considerations When Selecting  
First-line Antiretroviral Therapy 

 Baseline  HIV-1 RNA level 

 Baseline CD4+ cell count 

 Age 

 Sex 

 Occupation (eg, work schedule) 

 Comorbid conditions (eg, CV 

risk, renal abnormalities) 

 Plans for pregnancy 

 Access to care 

 Concurrent medications 

 Adherence to other medications 

 Genetics (eg, HLA-B*5701) 

 Viral tropism 

Patient/Viral Factors Antiretroviral Drug Factors 

 Efficacy 

 Baseline drug resistance  

 Tolerability  

 Long-term toxicity/metabolic 

effects 

 Drug–drug interactions 

 Dosing frequency 

 Pill burden 

 Pharmacokinetics 

 Cost 



Percentage of ARV-naïve patients (total N= 1,484) 

having genotypic resistance test  (GT), and 

prevalence  of major IAS-USA resistance mutations 

when done: 1999-2011 
No evidence of a 

statistically significant 

temporal increase in the 

frequency of any major 

IAS-USA mutation (13.2% 

in 1999-2002 to 17.5% in 

2009-2011, p = 0.22), or 

in the frequency of 

mutations to any of the 

three main drug classes 

was found. 





Prevalence of transmitted drug resistance over the years 

in Central Italy 
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The prevalence of TDR in non-B infected 

patients was  constantly lower than that 

observed in B infected patients 
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Analysis on the Sendih  cohort (N=2464) 

Santoro, unpublished  data 



VF rates at M12 were 6.0% (95% confidence interval [CI]: 5.5; 6.5), 6.3% (4.2; 9.3) and 16.2% (13.0; 20.1) for no 

TDR group, TDR and fully active group and TDR and resistant group, respectively. 

Wittkop et al Lancet 2011 

 

Transmitted drug resistance is associated with a poorer virological 

response when patients received cART containing ≥1 drug not fully active 



Virological failure rates at M12 (Kaplan Meier estimates) are 

higher when NNRTI-based regimens are used in patients 

carrying drug-resistant viruses at baseline 

Amongst patients 

receiving 2 NRTIs + 1 

NNRTI, those harbouring 

≥1 mutation but 

predicted to receive a 

fully active cART 

had a higher risk for VF 

(HR: 2.3, 95% CI: 

1.2; 4.6, P=0.02) than 

those carrying no 

mutation. 

≥1 mutation but receiving a treatment predicted to be fully active  

≥1 mutation and at least low-level resistance to ≥1 prescribed drug 
Linda Wittkop et al. , Lancet Infect Dis 2011;11: 363–71 



Gupta et al., Clinical Infectious Diseases 2008; 47:712–22 

 
NUOVI ANTIRETROVIRALI E SCELTA DEL TERZO FARMACO: PROBLEMATICHE DI RESISTENZA, TOLLERABILITA’ ED ADERENZA UPDATE 2009 



The incidence of resistance to the third agent (an NNRTI or PI) was 
significantly lower in patients  starting a regimen containing a ritonavir-
boosted PI (P<0.001) compared that in patients starting an NNRTI-based 

HAART at virologic failure at 48 wks 

Gupta et al., Clinical Infectious Diseases 2008 

PI studies NNRTI studies 

Major  
PI  

Major 
NNRTI 

K65R M184V/I Any  
TAMS  

Major  
PI  

Major 
NNRTI 

K65R M184V/I Any  
TAMS  

Week 48 incidence of genotypic resistance at virologic failure. Genotype analysis.  

 
NUOVI ANTIRETROVIRALI E SCELTA DEL TERZO FARMACO: PROBLEMATICHE DI RESISTENZA, TOLLERABILITA’ ED ADERENZA UPDATE 2009 



Similar results were obtained at 96 wks of treatment 

Gupta et al., Clinical Infectious Diseases 2008 

PI studies NNRTI studies 
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Week 96 incidence of genotypic resistance at virologic failure. Genotype analysis.  

 
NUOVI ANTIRETROVIRALI E SCELTA DEL TERZO FARMACO: PROBLEMATICHE DI RESISTENZA, TOLLERABILITA’ ED ADERENZA UPDATE 2009 





Number of mutations per drug class 
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Von Wyl et al., Arch Intern Med 2009 
Santoro et al.. Unpublished data 

Number of International AIDS Society–USA major 

mutations detected in patients failing the first line regimen  



Mackie  et al., Journal of Infectious Diseases 2009 

The prevalence of resistance mutations varied according 

to the viral load.  
Detection of at least 1 resistance mutation, both overall and specific 

to 1 drug class,  was most frequent among tests performed at viral 

loads of 300–10,000 copies/mL and  decreased as the viral load 

increased above these levels.  



The overall prevalence of samples with at least one major 

resistance mutation (MRM) in 3,895 genotypic resistance tests 

from 2,200 treated-patients with viremia>50 copies/mL is 74%.  

P <0.001 (Chi-squared test for trend) 

Prevalence of samples with at least one major resistance mutation in patients failing PIs (boosted or 

unboosted), NRTIs or NNRTIs, stratified by viremia.  
Santoro et al., International workshop on HIV & Hepatitis 2013  



Santoro et al., accepted on CID 

Resistance to NRTI, NNRTI or PI/r classes in samples collected from January 2008 to December 2012 stratified for 

plasma viremia ranges 

By analyzing  samples genotyped from patients failing their treatment 

between 2008-2012,  the resistance to NRTI and NNRTI varied according to 

viral load strata, with a still considerable prevalence of resistance in samples 

with viremia levels ≤1000 copies/mL.  



Santoro et al., accepted on CID 

Resistance to NRTI, NNRTI or PI/r classes in samples collected from January 2008 to December 2012 stratified for 

plasma viremia ranges 

By contrast, the prevalence of PI-resistance was not influenced by viral 

load strata because it was very limited among all failures and was 

almost zero in patients failing their first line PI/r containing regimen. 



 7,967 genotypic requests from plasma samples of treatment experienced patients stratified by viremia and years.  

In the last years an increased number of genotypic resistance 

tests were requested for patients failing with low viremia values 

(50-500 copies/mL). 

Years  

Viremia ranks 
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Santoro et al., International workshop on HIV & Hepatitis 2013  



Drugs with high genetic barrier decrease 
the risk of development of resistance, 

and also reduce the resistance of 
companion drugs 

 

This preserves future therapeutic 
options!! 



PROGRESS 48 week results – XVIII IAC 

19-Jul-10                   

56 

LPV/r + RAL vs. LPV/r + TDF/FTC in Treatment-
Naive Subjects: PROGRESS Study Design 

• Primary endpoint: plasma HIV-1 RNA <40 copies/mL at week 48 (FDA ITT TLOVR) 
 

• Non-inferiority assessed by 95% CI for the difference ([LPV/r + RAL] – [LPV/r + 
TDF/FTC]) using a -20% threshold 

• If non-inferiority with respect to the -20% margin was demonstrated, then non-
inferiority with respect to a -12% margin was to be evaluated 

LPV/r 400/100 mg BID  

+ TDF/FTC 300/200 mg QD  

(n=105) 

Inclusion Criteria for PROGRESS (M10-336) 
• HIV-1 infection 

• ARV-naïve  

• Plasma HIV-1 RNA >1000 copies/mL 

• Any CD4+ T-cell count 

Screening 
Week 96 

LPV/r 400/100 mg BID  

+ RAL 400 mg BID  

(n=101) Week 48 

Primary 

Efficacy 

Endpoint 



PROGRESS 48 week results – XVIII IAC 

19-Jul-10                   

57 

Primary Efficacy Endpoint at Week 48: Proportion of 
Subjects Responding (FDA ITT TLOVR) 

LPV/r + RAL was non-inferior to LPV/r + TDF/FTC in treatment-naïve subjects  
at 48 weeks  



PROGRESS 48 week results – XVIII IAC 

19-Jul-10                   

58 

Emergence of Resistance Mutations* 

Study Drug 
Number of subjects with new mutations  

LPV/r + RAL LPV/r + TDF/FTC 

     LPV 0/4 0/3  

     RAL † 1/3 N/A 

     TDF 0/4 0/3 

     FTC 0/4 1/3 

*LPV-associated mutations: Major: V32I, I47V/A, L76V, V82A/F/T/S. Minor: L10F/I/R/V, K20M/R, L24I, 
L33F, M46I/L, I50V, F53L, I54/V/L/A/M/T/S, L63P, A71V/T, G73S, I84V, or L90M  
RAL-associated mutations: Y143R/H/C, Q148H/K/R, or N155H  
TDF-associated mutations: K65R or K70E 
FTC-associated mutations: K65R or M184V/I  
† 1 RAL sample not available for testing after meeting protocol-defined criteria 
N/A-not applicable 

• 7 subjects (4 LPV/r + RAL and 3 LPV/r + TDF/FTC) met the 
protocol-defined criteria for resistance testing  

– N155H mutation detected in 1 LPV/r + RAL subject 

– M184V mutation detected in 1 LPV/r + TDF/FTC subject 

 



Conclusions 

The characteristics of HIV infection have deeply 

changed, as well as the expectations of antiviral 

therapy 

  

The construction of antiretroviral therapy must be 

designed taking into account the long-term strategy, 

and not the mere control of short term viral replication. 
 

The design of regimens able to control the virus over a 

long-time period must take into account genetic barrier 

and potency, since the first regimen  

 In this frame, selection of the best therapy, based 

also on resistance testing, warrants the best result for 

each single patient 


