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Background
• The FIRST study was a randomized trial conducted by the CPCRA at 80 research sites in 

the USA. The study evaluated the long-term clinical, immunologic, and virologic effects of 
3 initial ART strategies for ART naïve patients: 

a)  PI strategy (PI plus 2 NRTIs)
b)  NNRTI strategy (NNRTI plus 2 NRTIs)
c)  3-class strategy (PI+NNRTI + 1 or 2 NRTI).

• There were 2 major study objectives :
1) to compare the PI and NNRTI strategies for a composite primary endpoint of AIDS or 

death or (for those with a baseline CD4+ count ≥200 cells) a follow-up CD4+ count of 
<200 cells.

2) to compare the 3-class strategy with the pooled results of the two 2-class strategies 
for the difference in CD4+ cell count after 32 months of follow-up. 

• A total of 1397 participants were randomized to the FIRST study and were followed for a 
median of 5 years (range 44-78 months). The results of the FIRST study will be presented 
at the XVI International AIDS Conference, August 13-18, 2006, Toronto, Canada.

• Briefly, the PI and the NNRTI strategies did not differ for a composite outcome based on 
CD4 cell count decline, AIDS events, or death, although  the NNRTI strategy had a 
superior virologic response compared to the PI strategy. The 3-class strategy was not 
superior to a 2-class strategy for immunologic or clinical outcomes. 



Objectives

• To compare the three initial randomized ART 
strategies of FIRST for the development of drug 
resistance at first virologic failure and 
cumulatively over time. 

• To determine the impact of antiretroviral drug 
resistance on progression of disease (POD), 
defined as death or an AIDS event.



Methods
• HIV-1 RNA levels were obtained at months 1 and 4, and then every 4 months.  Viral load 

(VL) measurements were determined using the Roche Ultrasensitive Amplicor assay (limit 
of detection <50 HIV RNA copies/mL).  

• Virologic failure (VF) was defined as an HIV RNA level >1000 copies/mL at or after the 4-
month visit.  

• Genotypic resistance testing was performed at three possible time points:  initial virologic 
failure and (for those with VL > 1000 copies/mL) at months 12 and 36. 

• Resistance was defined as definite drug resistance by genotype, using the TRUGENE HIV-
1 Genotyping Kit and OpenGene DNA Sequencing System, Bayer Diagnostics (Version 
4.0) and CPCRA interpretive algorithm (v4.0), which presented drug susceptibilities for 16 
drugs (7 NRTI, 3 NNRTI, and 6 PI). 

• The presence of specific drug-resistance mutations was also considered, using the October 
2004 IAS-USA tables.  

• Statistical Analysis: Strategies were compared (intent-to-treat) for first VF with definite drug 
resistance using chi-squared tests and time to event methods.  For each strategy and for 
the entire cohort proportional hazards models with time-dependent covariates were used to 
determine the impact of resistance on AIDS or death events occurring after at least 4 
months. Rates are per 100 person years.



Results
• Of the 1397 participants randomized, at least one VL measurement was available for 1360 

(97%) participants at or after the 4-mo visit (minimum time point for determining VF): 460 in 
the PI arm, 450 in the NNRTI arm, and 450 in the 3-class arm. The 3 randomized strategies 
were well balanced in terms of demographic and baseline characteristics (Table 1).

• Of the 866 participants who experienced VF, 328 (37.9%) were randomized to the PI 
strategy, 266 (30.7%) in the NNRTI strategy, and 272 (31.4%) in the 3-class strategy.  
Genotypic resistance test results were available for 858 (99%) of those with VF. 

• Of the 858 with at least one resistance test, 316 (37%) had two resistance tests (at initial VF 
and either month 12 or 36), and 119 (14%) had three resistance tests (at VF mos 12 & 36).  

• Of those with a resistance test at any time during follow-up, no major mutation was ever 
detected in 46%, 39%, and 40% of those randomized to the PI, NNRTI, and 3-class 
strategies, respectively, while multi-class mutations were detected in 26%, 34%, and 21%.

Table 1.  Baseline Characteristics PI (N=460) NNRTI (N=450) 3-class (N=450) Overall (N=1360)

Age (mean years) 38.1 38.4 38.3 38.3

Female (%) 22.8 21.3 18.0 20.7

Race/Ethnicity       Black (%) 54.3 54.0 53.3 53.9

Latino (%) 17.2 16.2 16.7 16.7

White (%) 24.8 27.6 27.3 26.5

Other (%) 3.7 2.2 2.7 2.9

Prior AIDS event (%) 39.1 38.7 34.2 37.4

CD4 (cells/mm3)    Median (IQR) 164.5 (43-319) 169.0 (37-317) 155.0 (30-347) 164.0 (36-324)

HIV RNA (log10 copies/ml) Median (IQR) 5.1 (4.6-5.6) 5.1 (4.5-5.6) 5.1 (4.6-5.5) 5.1 (4.5-5.6)



Figure 1. Time to first HIV RNA >1000 
copies/mL.

Figure 2. Time to first HIV RNA >1000 
associated with any drug resistance. 

The cumulative percent with an initial 
virologic failure was significantly higher in 
the PI strategy compared to the NNRTI 
and 3-class strategies (Figure 1 and 
Table 2).

The cumulative percent with first 
virologic failure associated with any 
type of drug resistance was marginally 
higher in the PI strategy compared to 
NNRTI and 3-class strategies (Figure 2 
and Table 2).



No. of events
and  rate per 100 person years

PI NNRTI 3-class

Event N Rate N Rate N Rate
NNRTI 
vs.  PI

3-class  
vs.  PI

3-class  
vs. NNRTI

Initial virologic 
failure1 (VF)

328 36.2 266 22.5 272 24.6 0.66
(0.56, 0.78)

<0.001

0.70
(0.60, 0.83)

<0.001

1.07
(0.91, 1.27)

0.4

VF with any drug
resistance2

135 14.9 128 10.8 127 11.5 0.78
(0.61, 0.99)

0.04

0.80
(0.63, 1.02)

0.07

1.03
(0.80, 1.32)

0.8

VF with PI
resistance

37 4.1 5 0.4 11 1.0 0.11
(0.04, 0.28)

<0.001

0.25
(0.13, 0.49)

<0.001

2.29
(0.80, 6.60)

0.1

VF with NNRTI
resistance

18 2.0 113 9.6 106 9.6 5.15
(3.13, 8.47)

<0.001

4.98
(3.02, 8.20)

<0.001

0.98
(0.75, 1.27)

0.9

VF with NRTI
resistance

121 13.3 63 5.3 39 3.5 0.42
(0.31, 0.57)

<0.001

0.27
(0.19, 0.39)

<0.001

0.65
(0.44, 0.97)

0.9

Number at risk 460 450 450

1 Virologic failure (VF) is defined as VL>1000 c/ml after 4 mos of f/u.  Patients are at risk of VF if at least 1 VL measurement is available at or after the 4-
mo visit.  2 Drug resistance is defined as definite HIV drug resistance according to genotypic resistance testing at the time of VF.

Hazard Ratio
(95% Confidence Interval)

P-value

Table 2:  Initial virologic failure associated with HIV drug resistance by 
randomized treatment strategy.



Number with VF1

PI (N=460)
326

NNRTI (N=450)
264

3-class (N=450)
268

At Initial VF N %2 N %2 N %2

ART strategy

On original strategy 214 65.6 151 57.2 118 44.0
On alternate strategy 32 9.8 27 10.2 65 24.3

Not on ART 80 24.5 86 32.6 85 31.7

Drug resistance
No drug resistance found 191 58.6 136 51.5 141 52.6

Single-class 
drug resistance 96 29.4 77 29.2 100 37.3

PI 5 1.5 1 0.4 2 0.8

NNRTI 9 2.8 64 24.2 81 30.2

NRTI 82 25.2 12 4.5 17 6.3

Multi-class drug resistance 39 12.0 51 19.3 27 10.1
PI + NRTI 30 9.2 2 0.8 2 0.8

PI + NNRTI 0 0.0 0 0.0 5 1.9

NNRTI + NRTI 7 2.1 47 17.8 18 6.7

PI+NNRTI+NRTI 2 0.6 2 0.8 2 0.8

Table 3. ART strategies and HIV genotypic resistance patterns of those 
with initial virologic failure (VF).

1 Number with VF and reportable GART result.   2 Percent is of those with VF and reportable GART result



PI and NNRTI mutations present at initial virologic failure1

PI
(N=326)

NNRTI
(N=264)

3-class
(N=268)

Overall
(N=858)

N N N N Percent

PI 30N 24 2 4 30 40.5

33  I 6 6 3 15 20.3

33 F 1 0 2 3 4.1

46 I / L 7 4 1 12 16.2

82 A / T 1 0 4 5 6.8

84 V 1 0 3 4 5.4

90 M 9 2 7 18 24.3

Any PI 42 13 19 74 100.0

NNRTI 100 I 0 6 5 11 4.4

103 N 5 76 73 154 61.1

106 A / M 2 14 8 24 9.5

108 I 2 15 11 28 11.1

181 C / I 4 30 27 61 24.2

188 C / H / L 2 6 3 11 4.4

190 A / S 6 15 18 39 15.5

225 H 0 3 3 6 2.4

230 L 1 2 1 4 1.6

Any NNRTI 20 119 113 252 100.0

Class Mutation At Initial VF1

1.  Virologic failure (VF):  HIV-1 RNA level > 1000 copies/mL after at least four months of follow-up.



PI
(N=326)

NNRTI
(N=264)

3-class
(N=268)

Overall
(N=858)

N N N N Percent

NRTI 41 L 2 7 4 13 5.0

44 D
62 V

1
6

0
5

1
1

2
12

0.8
4.6

65 R 2 6 1 9 3.5

67 N 4 3 5 12 4.6

69 D 1 0 2 3 1.2

70 R
74 V

4
2

0
4

2
3

6
9

2.3
3.5

75 I 1 5 0 6 2.3

77 L 2 0 0 2 0.8

115 F 1 0 0 1 0.4

116 Y 1 0 0 1 0.4

118 I 14 8 9 31 11.9

151 M 1 2 0 3 1.2

184 I / V 116 55 35 206 79.2

210 W 1 3 2 6 2.3

215 F / Y 4 5 3 12 4.6

219 E / Q 2 1 1 4 1.5

Any NRTI 132 76 52 260 100.0

Class Mutation At Initial VF

NRTI mutations present according to genotype at initial virologic failure (VF)1



Results: Predicting HIV Progression of Disease
• There were1302 participants who were at risk for an AIDS or death event after the 4-mo 

visit, the earliest time point at which VF could be determined. 

• In a model considering the impact of resistance at VF and the ability to achieve viral 
suppression (VL<400 copies/mL) prior to VF, there was significantly increased risk of 
AIDS or death compared to those with no VF for those failing : (a) with resistance and 
prior suppression (HR= 3.0, p<0.001); (b) with resistance and no prior suppression (HR= 
4.6, p<0.001); (c) without resistance and with prior suppression (HR=2.9, p<0.001); and 
(d) without resistance and no prior suppression (HR= 6.5, p<0.001).

• To further investigate the impact of resistance at VF and the ability to achieve viral 
suppression on subsequent AIDS or death events, 5 mutually exclusive groups were 
formed according to the class(es) of resistance detected at VF: any PI resistance (N=52); 
only NNRTI resistance (N=146); only NRTI resistance (N=108); NNRTI and NRTI 
resistance (N=68); and no resistance (N=457).  

• These 5 groups were compared for the risk of an AIDS or death event compared to those 
who did not experience VF (N=471).  Cox regression models were fit separately for each 
treatment strategy and overall, adjusted for baseline variables (a prior AIDS event, CD4 
cell count, HIV RNA level, and age) and time-updated factors (resistance group, missing 
HIV RNA level, and the ability to achieve viral suppression prior to VF).  The numbers of 
participants with an event in each resistance group and the hazard ratios for an event 
(compared to those with no VF) are given in Tables 5 & 6.



Table 5:  Progression of HIV disease to AIDS or death events1 by treatment strategy and 
the class(es) of resistance present at virologic failure2.

1. Cohort is limited to the 1302 participants who did not experience an AIDS or death event prior to the 4-month visit.
2. Virologic failure (VF):  first viral load > 1000 copies/ml at or after the 4-month visit.
3. Rates are per 100 person years.

PI Strategy NNRTI Strategy
3-Class
Strategy

Overall

No VF 124  (12)
2.1

174  (12)
1.5

173  (23)
3.0

471  (47)
2.2

N (# of events)
Rate3

N (# of events)
Rate

N (# of events)
Rate

N (# of events)
Rate3

VF with 
PI resistance

36  (2)
1.1

5  (0)
0.0

11  (3)
6.8

52  (5)
2.0

VF with only 
NNRTI resistance

8  (1)
2.7

62  (19)
7.5

76  (27)
8.7

146  (47)
7.8

VF with only 
NRTI resistance

81  (15)
4.2

10  (3)
8.4

17  (1)
1.3

108 (19)
4.0

VF with 
NNRTI +NRTI resistance

7  (0)
0.0

44  (12)
6.2

17  (3)
4.5

68  (15)
5.1

VF with 
no resistance

186  (41)
5.1

130 (24)
4.0

141  (28)
4.5

457  (93)
4.6

Overall 442  (71)
3.6

425  (70)
3.7

435  (85)
4.5

1302  (226)
3.9



Table 6: Progression of HIV disease to AIDS or death1 by ART strategy and the class(es) of resistance 
present at virologic failure (VF)2.  Hazard ratios (HR) for POD are compared to those with no VF3.

1 Cohort is limited to the 1302 participants who did not experience an AIDS or death event prior to the 4-month visit.  2  Virologic failure (VF):  first viral 
load > 1000 copies/ml at or after the 4-month visit.  3  Hazard ratios and confidence intervals are estimated using Cox regression models fit separately 
for each treatment strategy and overall.  All models are adjusted for  baseline variables (prior AIDS, CD4 cell count, HIV RNA level, and age) and time-
updated factors (the groups listed, missing HIV RNA levels, HIV RNA level < 400 copies/ml prior to VF).

PI Strategy NNRTI Strategy
3-Class
Strategy Overall

HR (95% CI)
P value

HR (95% CI)
P value

HR (95% CI)
P value

HR (95% CI)
P value

VF with 
PI resistance

0.5 (0.1, 2.1)
0.3

1.6 (0.4, 7.0)
0.6

0.6 (0.2, 1.8)
0.4

VF with only 
NNRTI resistance

3.2 (0.4, 26.0)
0.3

5.9 (2.7, 12.8)
<0.001

3.1 (1.7, 5.7)
<0.001

4.4 (2.9, 6.8)
<0.001

VF with only 
NRTI resistance

2.5 (1.2, 5.6)
0.02

7.7 (1.7, 35.2)
0.008

0.5 (0.1, 3.8)
0.5

2.0 (1.2, 3.6)
0.01

VF with 
NNRTI +NRTI resistance

3.5 (1.5, 7.9)
0.003

0.9 (0.2, 4.1)
0.9

2.3 (1.2, 4.2)
0.01

VF with 
no resistance

3.7 (1.8, 7.6)
0.001

4.3 (2.1, 8.9)
<0.001

2.3 (1.2, 4.3)
0.008

3.0 (2.0, 4.4)
<0.001

No VF 1.0 1.0 1.0 1.0



Table 7:  Viral suppression categories before and after initial virologic failure.

Figure 3. Time to viral load <400 copies/ml 
after initial virologic failure.

To explore why those with some resistance patterns have 
increased risk of an AIDS event or death after VF, we 
investigated which groups were able to achieve virologic 
suppression (VL < 400 copies/ml) after initial VF. Of those 
failing with PI and NNRTI resistance, 83% and 51% 
respectively went on to experience suppression (Table 7). 
From exploratory analyses,  those failing with PI resistance 
were significantly more likely to achieve viral suppression after 
VF:  hazard ratios and 95% CI

- 1.6 (1.2 -2.2) compared to those failing with NNRTI 
resistance

- 1.8 (1.3-2.6) compared to those failing with any other   
resistance

- 1.5 (1.1 -2.0) compared to those failing with no 
resistance

Class(es) of HIV Drug Resistance Detected at Initial VF1 (%)

Viral suppression2

category
Any PI 

Resistance
NNRTI 

Resistance
NRTI

Resistance
NNRTI+NRTI
Resistance

No 
Resistance Overall

None 9.4 24.7 9.0 9.7 13.0 14.1

Before VF1   only 7.6 24.7 27.0 22.2 20.3 21.3

Before and after  VF 54.7 33.1 44.1 50.0 44.9 43.7

After VF only 28.3 17.5 19.8 18.1 21.8 20.9

No. of participants 53 154 111 72 468 858
1 Virologic failure (VF):  first viral load > 1000 copies/mL at or after the 4-month visit.
2  Viral suppression:  viral load less than 400 copies/mL

83% 51%



Conclusions
• Although the rate of 1st VF was highest in the PI strategy, the rate of 

1st VF with resistance was only marginally higher in the PI compared 
to the NNRTI strategy.

• For treatment-naïve patients on three ART strategies, the risk of having 
an AIDS event or death varied with the ability to achieve virologic 
suppression prior to virologic failure and with the class(es) of drug 
resistance that developed.

• Patients with PI resistance at first VF did not have an increased risk of 
progression of disease compared to those with no VF. Conversely,
patients with NNRTI resistance were 4.4 times more likely to have 
progression of disease than those without VF.

• Patients with PI resistance at initial VF were more likely to achieve a 
viral load < 400 c/ml after VF than those with other resistance patterns. 

• Considering the impact of resistance by class, NNRTI resistance was 
the strongest predictor of disease progression.
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HR 95% CI P-value

VF with PI resistance 0.6 0.2 - 1.8 0.4

VF with 
only NNRTI resistance 4.4 2.9 - 6.8 <0.001

VF with 
only NRTI resistance 2.0 1.2 - 3.6 0.01

VF with 
NNRTI+NRTI resistance 2.3 1.2 - 4.2 0.01

VF with no resistance 3.0 2.0 - 4.4 <0.001

No VF 1.0

1 Cohort is limited to the 1302 participants who did not experience an AIDS or death event prior to the 4-month visit.
2  Virologic failure (VF):  first viral load > 1000 copies/ml at or after the 4-month visit.
3  HRs and CIs are estimated using Cox regression models fit separately for each treatment strategy and overall.  All 
models are adjusted for  baseline variables (prior AIDS, CD4 cell count, HIV RNA level, and age) and time-updated factors 
(the groups listed, missing HIV RNA levels, HIV RNA level < 400 copies/ml prior to VF).

The FIRST Study
Progression of HIV disease to AIDS or death events1 overall by the 

class(es) of resistance present at initial virologic failure(VF)2. 
Hazard ratios are compared to those with no virologic failure3.

Kozal et al XV Intl IV drug resistance workshop 2006



FIRST Study: Time to viral load <400 copies/ml after initial virologic failure.
Those failing with PI resistance were more likely to experience viral suppression after viral 

failure than any of the other groups; G1 vs (G2, G3, G4, G5 combined): 1.6 (1.2, 2.2) 

Kozal et al XV 
Intl HIV drug 
resistance 
workshop 2006
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