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Table S1. Specifications of drugs used for all analyzed treatment courses.  
 

 

Abbreviations: ABC, abacavir; ATV, atazanavir; BIC, bictegravir; cART, combination antiretroviral therapy; DOL, 

dolutegravir; DRV, darunavir; EFV, efavirenz; EVG, elvitegravir; FTC, emtricitabine; INSTI, integrase strand 

transfer inhibitor; NNRTI, non-nucleoside reverse transcriptase inhibitor; NRTI, nucleos(-t)ide reverse transcriptase 

inhibitor; NVP, nevirapine; PI, protease inhibitor; RAL, raltegravir; RPV, rilpivirine; TAF, tenofovir alafenamide; 

TDF, tenofovir disoproxil fumarate; 3TC, lamivudine. 

cART anchor 

n (%) 

Dual NRTI backbone 

n (%) 

Booster 

n (%) 

NNRTI 

(n=1121) 

PI 

(n=1275) 

INSTI 

(n=1009) 

All treatment courses 

(n=3405) 

All treatment courses 

(n=3405) 

EFV: 673 (60.0) 

NVP: 192 (17.1) 

RPV: 252 (22.5) 

Other: 4 (0.4) 

ATV: 615 (48.2) 

DRV: 523 (41.0) 

Other: 137 (10.7) 

BIC: 126 (12.5) 

DOL: 544 (53.9) 

EVG: 195 (19.3) 

RAL: 144 (14.3) 

ABC: 579 (17.0) 

FTC: 2649 (77.8) 

TAF: 823 (24.2) 

TDF: 1850 (54.3) 

3TC: 743 (21.8) 

Other: 166 (4.9) 

Cobicistat: 472 (13.9) 

Ritonavir: 989 (29.0) 
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Table S2. Generalized estimating equation-based negative binomial regression: unadjusted 

within-anchor group comparisons for associations with blips. 
 

 Univariable analysis 

IRR (95% CI) P-value 

NNRTIsa 

- Nevirapine 

- Efavirenz 

- Rilpivirine 

 

1 

0.91 (0.56-1.46) 

0.94 (0.49-1.80) 

 

 

0.694 

0.854 

PIs 

- Darunavir 

- Atazanavir 

- Other 

 

1 

1.14 (0.77-1.69) 

0.66 (0.30-1.45) 

 

 

0.524 

0.299 

INSTIs 

- Dolutegravir 

- Bictegravir 

- Raltegravir 

- Elvitegravir 

 

1 

1.20 (0.29-4.87) 

0.16 (0.02-1.25) 

0.38 (0.11-1.34) 

 

 

0.803 

0.081 

0.134 
a For the purpose of these analyses, the NNRTI-based regimens with NNRTIs other than nevirapine, efavirenz, or 

rilpivirine where excluded, as this group existed of only four regimens. No blips occurred in this group. 

Abbreviations: CI, confidence interval; INSTI, integrase strand transfer inhibitor; IRR, incidence rate ratio; NNRTI, 

non-nucleoside reverse transcriptase inhibitor; PI, protease inhibitor. 
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Table S3. Generalized estimating equation-based negative binomial regression: associations with 

blips in complete case analysis. 
 

 Univariable analysisa Multivariable analysisb 

IRR (95% CI) P-value IRR (95% CI) P-value 

cART anchor 

- NNRTI 

- PI 

- INSTI 

 

1 

1.44 (1.10-1.89) 

0.60 (0.40-0.90) 

 

 

0.008 

0.012 

 

1 

1.40 (1.06-1.84) 

0.56 (0.36-0.86) 

 

 

0.017 

0.009 

Male sex (vs. female sex) 1.33 (0.91-1.94) 0.138 1.19 (0.81-1.77) 0.379 

Age at diagnosis (per year 

increase) 

1.02 (1.01-1.03) <0.001 1.01 (1.00-1.02) 0.172 

Age at start of follow-up (per year 

increase) 

1.00 (0.99-1.01) 0.584 - - 

HIV transmission route 

- MSM 

- Heterosexual 

- Intravenous drugs 

- Other/unknown 

 

1 

0.79 (0.55-1.12) 

0.91 (0.35-2.34) 

0.91 (0.66-1.26) 

 

 

0.186 

0.844 

0.579 

- - 

HBsAg+ (vs. HBsAg-)  1.24 (0.70-2.19) 0.470 - - 

HCV RNA+ (vs. HCV RNA-) 0.99 (0.54-1.81) 0.973 - - 

Fiebig stage VI at ART initiation 

(vs. stage I-V) 

1.77 (0.59-5.27) 0.309 3.32 (0.77-14.29) 0.107 

Time since ART initiation (per 

year increase) 

0.92 (0.89-0.95) <0.001 0.91 (0.87-0.95) <0.001 

Lowest available CD4+ count (per 

square root cell/mm3 increase) 

0.98 (0.97-1.00) 0.110 0.99 (0.96-1.01) 0.288 

Zenith VL cop/mL 

- <10,000 

- 10,000-99,999 

- 100,000-999,999 

- ≥1,000,000 

 

1 

2.56 (1.04-6.30) 

3.72 (1.55-8.89) 

7.09 (2.57-19.53) 

 

 

0.042 

0.003 

<0.001 

 

1 

2.42 (0.95-6.17) 

3.21 (1.26-8.19) 

5.80 (1.98-16.97) 

 

 

0.064 

0.015 

0.001 

VL test frequency (per test/year 

increase) 

1.23 (1.20-1.26) <0.001 1.25 (1.22-1.29) <0.001 

a. On cases not missing data on the characteristic for which the analysis is run. Cases excluded per characteristic 

with missing data: age at diagnosis (n=22), Fiebig stage (n=60), time since ART initiation (n=20), zenith VL 

(n=455). 

b. On the 2947 complete cases. 

Abbreviations: ART, antiretroviral therapy; cART, combination antiretroviral therapy; CI, confidence interval; cop, 

copies; HBsAg, hepatitis B surface antigen; HCV, hepatitis C virus; INSTI, integrase strand transfer inhibitor; IRR, 

incidence rate ratio; MSM, men who have sex with men; NNRTI, non-nucleoside reverse transcriptase inhibitor; PI, 

protease inhibitor; VL, viral load. 

 

 

 

 

 

 

 

 



Table S4. Generalized estimating equation-based negative binomial regression: associations with 

blips in analyses including the NRTI backbone. 
 

 Univariable analysis Multivariable analysis 

IRR (95% CI) P-value IRR (95% CI) P-value 

cART anchor 

- NNRTI 

- PI 

- INSTI 

 

1 

1.44 (1.10-1.89) 

0.60 (0.40-0.90) 

 

 

0.008 

0.012 

 

1 

1.36 (1.04-1.78) 

0.64 (0.42-0.98) 

 

 

0.024 

0.042 

Male sex (vs. female sex) 1.33 (0.91-1.94) 0.138 1.25 (0.85-1.83) 0.252 

Age at diagnosis (per year 

increase) 

1.02 (1.01-1.03) <0.001 1.01 (1.00-1.02) 0.230 

Age at start of follow-up (per year 

increase) 

1.00 (0.99-1.01) 0.584 - - 

HIV transmission route 

- MSM 

- Heterosexual 

- Intravenous drugs 

- Other/unknown 

 

1 

0.79 (0.55-1.12) 

0.91 (0.35-2.34) 

0.91 (0.66-1.26) 

 

 

0.186 

0.844 

0.579 

- - 

HBsAg+ (vs. HBsAg-)  1.24 (0.70-2.19) 0.470 - - 

HCV RNA+ (vs. HCV RNA-) 0.99 (0.54-1.81) 0.973 - - 

Fiebig stage VI at ART initiation 

(vs. stage I-V) 

1.81 (0.60-5.44) 0.290 2.57 (0.77-8.63) 0.126 

Time since ART initiation (per 

year increase) 

0.92 (0.89-0.95) <0.001 0.93 (0.89-0.96) <0.001 

Lowest available CD4+ count (per 

square root cell/mm3 increase) 

0.98 (0.97-1.00) 0.110 0.99 (0.97-1.01) 0.419 

Zenith VL cop/mL 

- <10,000 

- 10,000-99,999 

- 100,000-999,999 

- ≥1,000,000 

 

1 

2.11 (0.88-5.05) 

2.92 (1.26-6.76) 

5.51 (2.08-14.59) 

 

 

0.095 

0.013 

0.001 

 

1 

1.92 (0.78-4.73) 

2.47 (1.01-6.01) 

4.48 (1.60-12.60) 

 

 

0.155 

0.047 

0.004 

VL test frequency (per test/year 

increase) 

1.23 (1.20-1.26) <0.001 1.25 (1.22-1.28) <0.001 

NRTI 1 

- Tenofovir disoproxil fumarate 

- Tenofovir alafenamide 

- Abacavir 

- Other  

 

1 

0.64 (0.44-0.96) 

0.66 (0.45-0.97) 

0.41 (0.20-0.86) 

 

 

0.028 

0.037 

0.018 

 

1 

0.95 (0.62-1.46) 

0.74 (0.16-3.43) 

0.39 (0.07-2.03) 

 

 

0.821 

0.696 

0.261 

NRTI 2 

- Lamivudine (vs. emtricitabine) 

 

0.66 (0.46-0.93) 

 

0.018 

 

1.29 (0.28-5.94) 

 

0.745 

Abbreviations: ART, antiretroviral therapy; cART, combination antiretroviral therapy; CI, confidence interval; cop, 

copies; HBsAg, hepatitis B surface antigen; HCV, hepatitis C virus; INSTI, integrase strand transfer inhibitor; IRR, 

incidence rate ratio; MSM, men who have sex with men; NNRTI, non-nucleoside reverse transcriptase inhibitor; 

NRTI, nucleos(-t)ide reverse transcriptase inhibitor; PI, protease inhibitor; VL, viral load. 

 

 

 

 

 

 

 

 



Table S5. Generalized estimating equation-based negative binomial regression: associations with 

blips after exclusion of the seven treatment courses with a viral load of 50-499 copies/mL 

immediately before loss to follow-up. 
 

 Univariable analysis Multivariable analysis 

IRR (95% CI) P-value IRR (95% CI) P-value 

cART anchor 

- NNRTI 

- PI 

- INSTI 

 

1 

1.45 (1.10-1.89) 

0.58 (0.39-0.87) 

 

 

0.007 

0.009 

 

1 

1.37 (1.05-1.79) 

0.62 (0.42-0.93) 

 

 

0.019 

0.021 

Male sex (vs. female sex) 1.33 (0.91-1.93) 0.143 1.31 (0.89-1.92) 0.173 

Age at diagnosis (per year 

increase) 

1.02 (1.01-1.03) <0.001 1.01 (1.00-1.02) 0.200 

Age at start of follow-up (per year 

increase) 

1.00 (0.99-1.01) 0.533 - - 

HIV transmission route 

- MSM 

- Heterosexual 

- Intravenous drugs 

- Other/unknown 

 

1 

0.79 (0.56-1.13) 

0.91 (0.36-2.35) 

0.92 (0.66-1.27) 

 

 

0.197 

0.852 

0.604 

- - 

HBsAg+ (vs. HBsAg-)  1.25 (0.70-2.21) 0.454 - - 

HCV RNA+ (vs. HCV RNA-) 0.99 (0.54-1.82) 0.980 - - 

Fiebig stage VI at ART initiation 

(vs. stage I-V) 

1.81 (0.60-5.43) 0.291 2.55 (0.76-8.48) 0.128 

Time since ART initiation (per 

year increase) 

0.92 (0.89-0.95) <0.001 0.92 (0.89-0.96) <0.001 

Lowest available CD4+ count (per 

square root cell/mm3 increase) 

0.99 (0.97-1.00) 0.114 0.99 (0.97-1.01) 0.368 

Zenith VL cop/mL 

- <10,000 

- 10,000-99,999 

- 100,000-999,999 

- ≥1,000,000 

 

1 

2.11 (0.88-5.06) 

2.90 (1.25-6.72) 

5.50 (2.08-14.59) 

 

 

0.094 

0.013 

0.001 

 

1 

1.93 (0.78-4.77) 

2.46 (1.00-6.00) 

4.47 (1.58-12.67) 

 

 

0.156 

0.049 

0.005 

VL test frequency (per test/year 

increase) 

1.23 (1.20-1.26) <0.001 1.24 (1.21-1.27) <0.001 

Abbreviations: ART, antiretroviral therapy; cART, combination antiretroviral therapy; CI, confidence interval; cop, 

copies; HBsAg, hepatitis B surface antigen; HCV, hepatitis C virus; INSTI, integrase strand transfer inhibitor; IRR, 

incidence rate ratio; MSM, men who have sex with men; NNRTI, non-nucleoside reverse transcriptase inhibitor; PI, 

protease inhibitor; VL, viral load. 

 

 

 

 

 

 

 

 

 

 

 

 

 



Table S6. Generalized estimating equation-based negative binomial regression: associations with 

blips in the 774 individuals with zenith viral loads of 100,000-999,999 copies/mL. 
 

 Univariable analysis Multivariable analysis 

IRR (95% CI) P-value IRR (95% CI) P-value 

cART anchor 

- NNRTI 

- PI 

- INSTI 

 

1 

1.58 (1.14-2.19) 

0.65 (0.39-1.09) 

 

 

0.006 

0.100 

 

1 

1.38 (1.00-1.90) 

0.66 (0.39-1.10) 

 

 

0.051 

0.109 

Male sex (vs. female sex) 1.20 (0.77-1.87) 0.428 - - 

Age at diagnosis (per year 

increase) 

1.02 (1.01-1.03) 0.004 1.01 (1.00-1.02) 0.229 

Age at start of follow-up (per year 

increase) 

1.00 (0.99-1.01) 0.846 - - 

HIV transmission route 

- MSM 

- Heterosexual 

- Intravenous drugs 

- Other/unknown 

 

1 

1.08 (0.75-1.57) 

1.12 (0.38-3.33) 

0.88 (0.57-1.34) 

 

 

0.676 

0.841 

0.544 

- - 

HBsAg+ (vs. HBsAg-)  1.34 (0.65-2.78) 0.427 - - 

HCV RNA+ (vs. HCV RNA-) 1.12 (0.59-2.13) 0.735 - - 

Fiebig stage VI at ART initiation 

(vs. stage I-V) 

0.96 (0.27-3.50) 0.955 1.04 (0.29-3.81) 0.950 

Time since ART initiation (per 

year increase) 

0.86 (0.82-0.90) <0.001 0.86 (0.82-0.91) <0.001 

Lowest available CD4+ count (per 

square root cell/mm3 increase) 

1.00 (0.97-1.03) 0.930 0.98 (0.95-1.01) 0.294 

VL test frequency (per test/year 

increase) 

1.25 (1.21-1.29) <0.001 1.26 (1.22-1.30) <0.001 

Abbreviations: ART, antiretroviral therapy; cART, combination antiretroviral therapy; CI, confidence interval; cop, 

copies; HBsAg, hepatitis B surface antigen; HCV, hepatitis C virus; INSTI, integrase strand transfer inhibitor; IRR, 

incidence rate ratio; MSM, men who have sex with men; NNRTI, non-nucleoside reverse transcriptase inhibitor; PI, 

protease inhibitor; VL, viral load. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Table S7. Generalized estimating equation-based negative binomial regression: associations with 

blips when the twenty episodes in which individuals switched cART anchor after one viral load 

of 50-499 copies/mL were counted as blips. 
 

 Univariable analysis Multivariable analysis 

IRR (95% CI) P-value IRR (95% CI) P-value 

cART anchor 

- NNRTI 

- PI 

- INSTI 

 

1 

1.46 (1.12-1.91) 

0.61 (0.41-0.91) 

 

 

0.006 

0.016 

 

1 

1.39 (1.07-1.82) 

0.64 (0.43-0.96) 

 

 

0.015 

0.032 

Male sex (vs. female sex) 1.33 (0.92-1.93) 0.129 1.34 (0.91-1.96) 0.134 

Age at diagnosis (per year 

increase) 

1.02 (1.01-1.03) 0.001 1.01 (0.99-1.02) 0.384 

Age at start of follow-up (per year 

increase) 

1.00 (0.99-1.01) 0.748 - - 

HIV transmission route 

- MSM 

- Heterosexual 

- Intravenous drugs 

- Other/unknown 

 

1 

0.80 (0.56-1.13) 

0.86 (0.33-2.21) 

0.93 (0.68-1.29) 

 

 

0.201 

0.750 

0.671 

- - 

HBsAg+ (vs. HBsAg-)  1.24 (0.66-2.33) 0.496 - - 

HCV RNA+ (vs. HCV RNA-) 1.01 (0.55-1.88) 0.966 - - 

Fiebig stage VI at ART initiation 

(vs. stage I-V) 

1.95 (0.65-5.82) 0.233 2.84 (0.84-9.61) 0.094 

Time since ART initiation (per 

year increase) 

0.92 (0.89-0.96) <0.001 0.93 (0.89-0.96) <0.001 

Lowest available CD4+ count (per 

square root cell/mm3 increase) 

0.99 (0.97-1.01) 0.157 0.99 (0.97-1.02) 0.564 

Zenith VL cop/mL 

- <10,000 

- 10,000-99,999 

- 100,000-999,999 

- ≥1,000,000 

 

1 

2.11 (0.87-5.15) 

3.08 (1.30-7.31) 

5.85 (2.12-16.15) 

 

 

0.100 

0.011 

0.001 

 

1 

1.96 (0.78-4.94) 

2.69 (1.06-6.85) 

5.04 (1.69-15.00) 

 

 

0.154 

0.038 

0.004 

VL test frequency (per test/year 

increase) 

1.24 (1.22-1.27) <0.001 1.26 (1.23-1.29) <0.001 

As the number of blips served as a predictor for multiple imputation, this analysis was run on a new imputed data set 

in which the twenty episodes were added as blips and thus changed the predicting variable.  

Abbreviations: ART, antiretroviral therapy; cART, combination antiretroviral therapy; CI, confidence interval; cop, 

copies; HBsAg, hepatitis B surface antigen; HCV, hepatitis C virus; INSTI, integrase strand transfer inhibitor; IRR, 

incidence rate ratio; MSM, men who have sex with men; NNRTI, non-nucleoside reverse transcriptase inhibitor; PI, 

protease inhibitor; VL, viral load. 
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Table S8. Clinical characteristics of individuals that switched cART anchor after one viral load of 50-499 copies/mL. 

 
Individ

ual 

Sex Age at 

diagnosis 

(years) 

Fiebig stage 

at ART 

initiation 

Time since 

ART 

initiation 

(years) 

Lowest 

available 

CD4+ 

(cells/mm3) 

Zenith VL 

(cop/mL) 

VL test 

frequency 

(tests/ 

year) 

QDV 

(cop/mL) 
Anchor 

before switch 

Anchor after 

switch 

Documented reason 

switch 

1 M 18.5 VI 14.2 139 10,000-99,999 2.7 68 LPV (PI) RAL (INSTI) Potential interaction  

2 M 45.5 VI 0.8 241 100,000-999,999 4.1 234 DRV (PI) DOL (INSTI) Simplification 

3 M 29.3 VI 9.2 190 100,000-999,999 2.9 78 ATV (PI) NVP (NNRTI) Adverse event 

4 M 23.8 VI 16.4 9 Missing 8.1 50 RAL (INSTI) ATV (PI) Simplification 

5 M 37.9 VI 1.2 302 ≥1,000,000 3.3 79 EFV (NNRTI) DOL (INSTI) Insufficient viral 

response 

6 M 30.7 VI 10.5 190 Missing 7.5 148 NVP (NNRTI) DOL (INSTI) Potential interaction  

7 M 51.8 VI 3.0 520 100,000-999,999 4.2 73 DRV (PI) DOL (INSTI) Simplification 

8 M 46.3 VI 2.1 391 ≥1,000,000 4.1 67 DOL (INSTI) EVG (INSTI) Adverse event 

9 M 30.4 VI 3.1 548 100,000-999,999 3.1 71 EVG (INSTI) DOL (INSTI) Adverse event 

10 M 45.6 VI 1.5 43 100,000-999,999 3.0 165 EFV (NNRTI) RPV (NNRTI) Study  

11 M 35.6 VI 0.4 163 100,000-999,999 2.6 96 EFV (NNRTI) RPV (NNRTI) Study  

12 M 51.9 VI 2.2 233 100,000-999,999 2.8 58 ATV (PI) BIC (INSTI) Potential interaction  

13 F 24.7 VI 2.2 141 10,000-99,999 3.3 50 LPV (PI) ATV (PI) Simplification 

14 M 41.0 VI 14.1 197 100,000-999,999 4.2 90 ATV (PI) DRV (PI) Adverse event 

15 M 41.0 VI 6.4 234 100,000-999,999 1.8 51 ATV (PI) DOL (INSTI) Simplification 

16 M 31.9 VI 14.4 257 100,000-999,999 3.5 161 EFV (NNRTI) RPV (NNRTI) Adverse event 

17 F 35.8 VI 3.6 303 100,000-999,999 2.8 66 EFV (NNRTI) DOL (INSTI) Adverse event 

18 M 29.9 VI 9.6 259 100,000-999,999 10.4 206 ATV (PI) DRV (PI) Adverse event 

19 F 27.3 VI 1.2 173 100,000-999,999 8.3 50 LPV (PI) ATV (PI) Simplification 

20 M 48.0 VI 1.6 302 100,000-999,999 5.5 89 NVP (NNRTI) DRV (PI) Insufficient viral 

response 

Abbreviations: ART, antiretroviral therapy; ATV, atazanavir; BIC, bictegravir; cop, copies; DOL, dolutegravir; DRV, darunavir; EFV, efavirenz; EVG, elvitegravir; F, female; 

INSTI, integrase strand transfer inhibitor; LPV, lopinavir; M, male; NNRTI, non-nucleoside reverse transcriptase inhibitor; NVP, nevirapine; PI, protease inhibitor; QDV, 

quantification of the detectable viremia; RAL, raltegravir; RPV, rilpivirine; VL, viral load. 


