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The emergence of resistance to different drugs during combination antiretroviral (ARV) therapy may occur at substantially different rates. These differences are best estimated by
systematic evaluation of the incidence of resistance in comparative clinical studies. Study M98-863 was a multi-center, multinational, blinded, randomized, prospective study that
compared the antiviral activity and safety of lopinavir/ritonavir (LPV/r) plus d4T and 3TC to that of nelfinavir (NFV) plus d4T and 3TC in ARV-naive subjects. A total of 653 subjects
were enrolled in the study (LPV/r n=326, NFV n=327). Through Week 60, significantly more LPV/r-treated subjects experienced viral suppression to HIV RNA levels less than 
50 copies/mL than NFV-treated subjects (64% vs. 53%, respectively, intent to treat analysis).1 Previously, the incidence of protease inhibitor (PI) and 3TC resistance among subjects
with HIV RNA >400 copies/mL and available genotype on therapy has been analyzed (Table 1).2 The updated results, based on a complete data set, are provided in Table 1.

Sample Selection 
Samples were selected for genotypic testing at Weeks 24, 48, and 60 for subjects with HIV RNA above 400 copies/mL at those visits, as well as at the final study visit (Week 72, 84,
or 96) with HIV RNA >400 copies/mL. For subjects without a detectable viral load at Week 48, a sample from Weeks 32-40 was sent for genotypic testing if HIV RNA was 
>400 copies/mL.

Definition of Resistance
Subjects with continuous HIV RNA <400 copies/mL between Weeks 24 and 96, and subjects with HIV RNA >400 copies/mL but without available genotype were considered as not
displaying resistance. For LPV/r, PI resistance was defined as the emergence of any primary or active site mutation in protease (amino acids 8, 30, 32, 46, 47, 48, 50, 82, 84 or 90).
The absence of resistance was confirmed by phenotypic analysis for all samples from LPV/r-treated subjects. For NFV, PI resistance was defined as the emergence of the D30N or
L90M mutation in protease, or the emergence of the M46I/L mutation in protease with confirmed reduced phenotypic susceptibility to NFV. 3TC resistance was defined as the
emergence of the M184V/I/T mutation in reverse transcriptase. Resistance to d4T was defined as the emergence of any thymidine-associated mutation in reverse transcriptase
(M41L, D67N, K70R, L210W, T215F/Y and K219Q/E/N). One subject whose genotype clearly suggested the re-emergence of a pre-existing resistant mutant (simultaneous
appearance of mutations at positions 67, 70, 215 and 219 at the first time point with viral load >400 copies/mL and an apparent archival sequence [T/A/I/V] at position 215) was not
considered to acquire d4T resistance during therapy.3 Secondary protease mutations were defined as any change at the following codons: position 10, 20, 24, 33, 36, 46, 54, 71, 73,
77 or 88.

Statistical Methods 
Kaplan-Meier analysis was used to assess the rate of resistance development to account for varying durations of treatment and data censoring occurring as a result of dropouts. In
the analysis of the cumulative rate of resistance, subjects were considered to have developed 3TC, PI or d4T resistance on the day of the first genotype demonstrating such
resistance. Subjects who did not demonstrate resistance were censored as of the day of the final viral load. Groups were compared using the log-rank test.

Kaplan-Meier analysis was also used to evaluate the emergence of resistance during periods of continuously detectable viral load after achieving undetectable viral load. Subjects
who never achieved HIV RNA <400 copies/mL were excluded from the analysis. Subjects who did not demonstrate resistance were censored as of their final available genotype after
viral load rebound. Groups were compared using the log-rank test.

The time-normalized area under the viral load curve minus baseline, which provides the average viral load decrease from baseline to study end for each subject, was measured using
the trapezoidal rule. Comparisons were made using the Wilcoxon rank-sum test. Total days with HIV RNA above 400 copies/mL were compared using the Wilcoxon rank-sum test.
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Kaletra Nelfinavir p-value

No. of subjects enrolled 326 327

Genotype available 51 96

PI resistance 0/51 (0%) 46/96 (48%) <0.001

3TC resistance 19/51 (37%) 79/96 (82%) <0.001

Table 1. Primary Genotypic Resistance in Study M98-863 Through Week 96

VL Never Suppressed Initial Genotype Obtained Initial Genotype Obtained After 
<400 copies/mL at First Rebound VL 1 or More Detectable Rebound VLs

LPV/r NFV LPV/r NFV LPV/r NFV

Number of subjects 5 16 30 34 16 46

Median time with detectable viral load 24 weeksa 24 weeksa 9 weeksb 8 weeksb 17 weeksb 16 weeksb

3TC resistance 3/5 (60%) 15/16 (94%) 8/30 (27%) 20/34 (59%) 8/16 (50%) 40/46 (87%)

PI resistance 0/5 (0%) 6/16 (38%) 0/30 (0%) 5/34 (15%) 0/16 (0%) 15/46 (33%)

Table 2. Incidence of Resistance at the First Available Genotype

In the current analysis, we assessed the temporal emergence of PI and NRTI resistance, both from the initiation of therapy and the point of viral rebound, using a Kaplan-Meier
approach. By accounting for subjects who discontinued study medications, the Kaplan-Meier method allows for unbiased estimates of the cumulative resistance to each individual
drug in the ARV regimen. Such estimates can provide probabalistic information for the risk/benefit assessment of various combination regimens used for initial ARV therapy.

a Time from baseline; b Time from last HIV RNA <400 copies/mL.

Temporal Accumulation of PI and NRTI Resistance
• Among all 147 subjects with available genotype, resistance observed in the initial genotype is summarized in Table 2 by the categories defined in Figure 1.

• 3TC resistance was evident at the first available genotype in 94/98 subjects who ultimately developed 3TC resistance.

• NFV resistance was evident at the first available genotype in 26/46 NFV-treated subjects who ultimately developed PI resistance.

• Two or more longitudinal sequences were available from 47 NFV-treated subjects who did not demonstrate NFV resistance at first genotype. Subsequent development of NFV
resistance was observed in 20/47 subjects.

• NFV resistance emerged prior to the appearance of d4T resistance in 4/8 subjects who demonstrated resistance to all three drugs in the regimen.

Analysis of the Rates of Resistance Development from the Initiation of Therapy Through Two Years
• In order to assess the risk of resistance development through two years of therapy, the overall rates of PI resistance, 3TC resistance and d4T resistance for each treatment group

in this study were estimated using Kaplan-Meier analysis (Figure 1).

• The analysis provided the following estimates for resistance emergence among all treated subjects over two years following initiation of therapy. NFV and d4T resistance were
always accompanied by 3TC resistance.

– 3TC resistance (NFV group): 29%

– PI + 3TC resistance (NFV group): 20%

– 3TC resistance (LPV/r group): 7%

– d4T + 3TC resistance (NFV group): 5%

– PI or d4T resistance (LPV/r group): 0% 

• All pairwise comparisons of the above groups were statistically significant at p≤0.001 except for the comparison of 3TC resistance in the LPV/r group and d4T resistance in the
NFV group (p=0.09).

• The onset of d4T resistance in NFV-treated subjects was less rapid than that of 3TC resistance in LPV/r-treated subjects. However, the resistance rates were comparable after 
two years, potentially due to ongoing viral replication in many of the NFV-treated subjects.

• The majority (8/9) of subjects with d4T resistance also demonstrated NFV resistance. The overall rate of development of triple-drug resistance in NFV-treated subjects based on
Kaplan-Meier analysis was 4.5%.

• The large incremental increases in resistance observed at Weeks 24 and 48 are likely a result of the timing of sample selection, since those samples were submitted for genotype
first and no samples were analyzed prior to Week 24 (see Methods).

147 subjects with genotype data 
(51 LPV/r, 96 NFV)

126 had at least one VL <400 
followed by VL rebound 

(46 LPV/r, 80 NFV)

21 never demonstrated 
VL <400 

(5 LPV/r, 16 NFV)

64 had genotype at first 
rebound VL 

(30 LPV/r, 34 NFV)

62 had 1 or more detectable 
VLs prior to genotype 

(16 LPV/r, 46 NFV)

197 subjects with detectable VL 
at or after Week 24 

 (74 LPV/r, 123 NFV)
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Figure 1. Study 863: Cumulative Probability of Resistance Development

Figure 2. Study 863: Disposition of Subjects with Detectable Viral Load

NFV resistance: D30N or L90M, or M46I/L with confirmed reduced phenotypic susceptibility; LPV/r resistance: any primary or active site mutation; 3TC resistance: M184V/I/T.

Analysis of the Rates of Resistance Development During Detectable Viral Load
• In order to further assess resistance emergence, a second analysis of resistance rates during periods of detectable viral load was performed. The disposition of subjects with 

HIV RNA >400 copies/mL in this study is provided in Figure 2.

• A total of 197 subjects (123 NFV, 74 LPV/r) had viral load above 400 copies/mL at or after Week 24.

• Genotype data were available for 51/74 (69%) LPV/r-treated subjects and 96/123 (78%) NFV-treated subjects with detectable HIV RNA.

• Genotype data were not available for 50 subjects (27 NFV, 23 LPV/r), in general due to low viral copy numbers. The median (interquartile range, IQR) viral load in copies/mL was
819 (477-1693) for subjects without genotype data and 3365 (1052-17444) for subjects with genotype data (p<0.001, Wilcoxon rank-sum test). Viral load in the majority of these
subjects (LPV/r: 17/17; NFV: 18/24) for whom subsequent HIV RNA values were available subsequently re-suppressed to <400 copies/mL without change in treatment regimen.

• A minority of subjects with genotype (21/147, 14%) never experienced HIV RNA suppression to <400 copies/mL. Genotype was available for 19/21 of these subjects at the 
Week 24 time point and 2/21 at the Week 48 time point.

• The majority of subjects with genotype (126/147, 86%) demonstrated initial HIV RNA decline to <400 copies/mL followed by viral rebound. The initial genotype was available at the
first rebound time point for 64 (51%) of these subjects (LPV/r: n=30, NFV: n=34).

• The remaining 62 subjects with genotype had one or more time points with detectable viral load prior to the genotype sample. The median (IQR) duration since the first HIV RNA
>400 copies/mL for this group was 8 (5-13) weeks.

Examination of the Effect of Secondary Mutations and/or Polymorphisms on the Phenotypic Susceptibility to LPV

• In the above analysis, secondary mutations were defined by the DAP. However, several algorithms for LPV resistance have appeared, based on analysis of isolates from 
PI-experienced patients. Therefore, we analyzed the phenotypic susceptibility of the rebound isolates from LPV/r-treated subjects with respect to each of these algorithms, which
contain partially overlapping sets of mutations:

– DAP (DeGruttola et al.4): L10F/I/R/V, K20M/R, L24I, D30N, V32I, L33F, M36I, M46I/L, I47V, G48V, I50V, I54V/L, A71V/T, G73S/A, V77I, V82A/F/T/S, I84V, N88D, L90M

– Virco (Wang et al.5): L10I, Q18V, L24I, V32I, L33F/M, K43T, K45T, M46I/L, G48V, F53L, I54A/V, K55R, Q58E, A71V, I72Y, G73S/T, T74S, V82A, I84V, I85V, L90M, C95F/L

– ViroLogic (Parkin et al.6): L10I/F, G16E, K20M/I, V32I, L33F, E34Q, K43T, M46I/L, I47V, G48V, I50V, I54A/M/S/T/V, Q58E, L63T, T74S, L76V, V82A/S, L89I/M

– Abbott (Kempf et al.7, Isaacson et al.8): L10F/I/R/V, K20M/R, L24I, L33F, M36I, M46I/L, I47V, G48V, F53L, I54A/L/T/V, L63P, A71I/L/V/T, V82A/C/F/S/T, I84V, L90M

• LPV/r-treated subjects with any new mutation from each of these algorithms are listed in Table 3.

• The DAP and Abbott algorithms appeared to identify more secondary mutations potentially associated with selective pressure from the LPV/r-based regimen.
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Figure 3. Study 863: Time from Last Undetectable 
Viral Load to Resistance Development 
for NFV-treated Subjects
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Figure 4. Study 863: Time from Last Undetectable 
Viral Load to 3TC Resistance Development

Kaplan-Meier Analysis of Resistance Development During Detectable Viral Load 
• Kaplan-Meier analysis was performed on the subset of 126 subjects (see Figure 2) with viral suppression to <400 copies/mL followed by viral rebound and available genotype.

In this analysis, time zero was defined as the last study visit at which HIV RNA was <400 copies/mL.

• Subjects with ongoing viral replication during treatment with NFV/3TC/d4T were at high risk of developing resistance (Figure 3).

– After 6 months of continuously detectable viral load following viral rebound, 3TC, PI, and d4T resistance rates were 86%, 42%, and 7%, respectively.

– After 1 year of continuously detectable viral load following viral rebound, 3TC, PI, and d4T resistance rates were 100%, 74%, and 15%, respectively.

• The temporal emergence of resistance to 3TC between the two study arms is compared in Figure 4.

• Among subjects with viral rebound after viral suppression <400 copies/mL, 3TC resistance emerged significantly more rapidly among NFV-treated subjects compared to 
LPV/r-treated subjects (p<0.002, log-rank test).

• After 6 months of continuously detectable viral load following viral rebound, 3TC resistance rates were 86% for the NFV group and 48% for the LPV/r group.

R E F E R E N C E S

C O N C L U S I O N S

• The incidence of resistance to each component of the regimen (PI, 3TC and d4T) was significantly lower in LPV/r-treated subjects than in NFV-treated subjects despite identical
NRTIs in the two arms of this randomized comparative study.

• From most to least common, the relative rates of resistance development among all enrolled subjects were: 3TC resistance (NFV group) > PI + 3TC resistance (NFV group) 
> 3TC resistance (LPV/r group) ~ d4T + 3TC resistance (NFV group) > d4T or PI resistance (LPV/r group).

• Among subjects demonstrating resistant virus, NFV resistance and 3TC resistance were frequently observed at the first available genotype.

• Persistent viral replication in subjects receiving NFV plus d4T/3TC was associated with a high risk of 3TC and NFV resistance. Persistent viral replication in subjects receiving
LPV/r plus d4T/3TC was associated with a moderate risk of 3TC resistance but a low risk of d4T or LPV resistance.

• Secondary PI mutations emerged more rapidly in NFV-treated subjects than in LPV/r-treated subjects.

• No new secondary mutations/polymorphisms emerged in LPV/r-treated subjects that had any discernible effect on the phenotypic susceptibility to LPV.

• The relatively low probability of resistance development demonstrated in the LPV/r arm of this study may have important implications for the choice of initial ARV therapy.
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Figure 5. Cumulative Probability of Emergence of Secondary Mutations

Subject DAP Virco ViroLogic Abbott Max LPV FC

A L10L/F L10L/F L10L/F 0.4
B A71T A71T 0.9
C M36M/I M36M/I 0.8
D M36M/L* M36M/L* 1.2
E L63T 0.5
F M36M/I M36M/I 0.6
G L63L/P 1.0
H M36M/I M36M/I 1.2
I G16G/E 0.8
J M36M/I M36M/I 0.7
K L63I/T 1.4

Table 3. Emergence of New Mutations Included in LPV Resistance Algorithms in Study M98-863

* The M36L mutation does not appear in any of the mutation algorithms but was included for completeness.
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Figure 6. Distribution of LPV Phenotype at Viral Rebound 
for LPV/r-treated Subjects in M98-863 
(DAP-defined Mutations)
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Figure 7. Distribution of LPV Phenotype at Viral Rebound 
for LPV/r-treated Subjects in M98-863 
(Combined Resistance Algorithms)

• The emergence of any of the above secondary mutations had no discernible effect on the phenotypic systems ability to LPV, whether considering just the DAP-defined set of
mutations (Figure 6) or the combined set from all four algorithms (Figure 7).

Temporal Emergence of Secondary Protease Mutations
• PI resistance did not emerge in LPV/r-treated subjects in this study. However, in 7/51 subjects with genotype, a new secondary protease mutation was observed at position 36, 10

or 71.2 In contrast, rebound isolates from 51/96 NFV-treated subjects displayed new secondary mutations, as defined by the Data Analysis Plan (DAP) of the Resistance
Collaborative Group (positions 10, 20, 24, 30, 32, 33, 36, 46, 47, 48, 50, 54, 71, 73, 82, 84, 88 and 90).

• The time from the initiation of therapy to the emergence of the first new secondary mutation is shown in Figure 5.

• Secondary mutations appeared significantly more frequently in NFV-treated subjects than in LPV/r-treated subjects (p<0.001).
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* For subjects with >1 rebound phenotype, the maximum value was used. * Includes secondary mutations from all of the four LPV resistance algorithms. For subjects with >1 rebound 
phenotype, the maximum value was used.


