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Conclusions

Objective

Changes outside integrase in a patient failing on dolutegravir 
maintenance monotherapy points to a new resistance mechanism
C. Lungu ,  P.H.M. Boers ,  I.E.A. Wijting  , B.J.A. Rijnders  , D.A.M.C. van de Vijver , S.D. Pas , C.A.B. Boucher , 
J.J.A. van Kampen , R.A. Gruters .

1 2 11 11
1

2
1

 

1
2

In our randomized DTG maintenance monotherapy study (DOMONO study) and its pilot study, virological 
failure (VF) was observed in ten patients with good drug levels and compliance. Integrase strand transfer 
inhibitor-resistance associated mutations  (INSTI-RAMs) could be identi�ed in four of these patients. 
Mechanisms of failure in the other patients remain unclear. Integrase complex assembly and subsequent 
strand transfer catalysis are mediated by speci�c interactions between integrase and bases at the end of the 
viral long terminal repeat (LTR). In vitro mutations in the 4 terminal nucleotides of the LTR (Dicker et al, 2007) 
and mutations in the 3’PPT (Malet et al, 2017) have been shown to confer resistance to (INSTIs). 

For details on the DOMONO study, see poster by Wijting et al., 
EACS 2017, PE6/16.
Samples from ten patients with VF (HIV-RNA >200 c/ml) during 
DTG maintenance monotherapy were compared to baseline, 
pre-cART samples. All patients were infected with HIV-1 
subtype B.
Viral RNA was isolated and synthesized into cDNA. Integrase 
and nef/LTR regions were then ampli�ed and directly 
sequenced by Sanger method.

To investigate whether changes in the integrase binding regions rather than the integrase itself could explain virological failure.
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We identi�ed a potential alternative INSTI-resistance mechanism in 
vivo. Changes in this fully conserved area have been shown to cause 
INSTI resistance in vitro. We postulate that under particular 
circumstances, altering the binding site may confer INSTI 
resistance. Further studies are required to determine the 
biochemical mechanism, phenotypic changes and frequency, and 
relevance in patients failing on INSTIs.
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Fig.1 HIV-RNA kinetics for Patient 10 (DTG-10) in response to induction and maintenance therapy.  The coloured dots mark the sampling points for RNA isolation, 
cDNA synthesis and sequencing. NVP = nevirapine. TDF = Tenofovir Disoproxil Fumarate. FTC = emtricitabine. RPV = rilpivirine. DTG = dolutegravir.  
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3' polypurine tract (PPT) LTR
HXB2_ref A A A A G A A A A G G G G G G A C T G

9053 Lai A A A A G A A A A G C A G T - A C T G

 Pat 1 A A A A G A A A A G G G G G G A C T G

 Pat 3 A A A A G A A A A G G G G G G A C T G

 Pat 4 A A A A G A A A A G G G G G G A C T G

 Pat 6 A A A A G A A A A G G G G G G A C T G

 Pat 8 A A A A G A A A A G G G G G G A C T G

 Pat 10 A A A A G A A A A G G G A G C A C T G

FIg.2 Amino acid substitutions  in patient 10 HIV-1 integrase  at time of VF relative to baseline. Substitutions are colored based on  the frequency rate of 
mutations observed in plasma samples from 448 integrase inhibitor –naïve HIV -1 subtype B patients (consensus B sequence) (Ceccherini-Silberstein, et al. 2010).    
DTG-10-2007 is the sequence generated from HIV-RNA in plasma prior to cART initiation. DTG-10-2016  is the sequence generated from HIV-RNA in plasma at VF during DTG 
maintenance monotherapy. HXB2 is HIV-1 clade B reference sequence. 

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36 37 38 39 40 41 42 43 44 45 46 47 48 49 50
HXB2 F L D G I D K A Q D E H E K Y H S N W R A M A S D F N L P P V V A K E I V A S C D K C Q L K G E A M
Cons_B* - - - - - - - - - E - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
DTG-10 2007 - - - - - - - - - E - - - - - - N - - - - - - - - - - - - - - - - - - - - - C - - - - - - - - - - -
DTG-10 2016 - - - - - - - - - E - - - - - - N - - - - - - - - - - - - - - - - - - - - - C - - - - - - - - - - -

51 52 53 54 55 56 57 58 59 60 61 62 63 64 65 66 67 68 69 70 71 72 73 74 75 76 77 78 79 80 81 82 83 84 85 86 87 88 89 90 91 92 93 94 95 96 97 98 99 100
HXB2 H G Q V D C S P G I W Q L D C T H L E G K V I L V A V H V A S G Y I E A E V I P A E T G Q E T A Y F
Cons_B* - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
DTG-10 2007 - - - - - - - - - - - - - - - - - - - - - I/V - - - - - - - - - - - - - - - - - - - - - - - - - - - -
DTG-10 2016 - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

101 102 103 104 105 106 107 108 109 110 111 112 113 114 115 116 117 118 119 120 121 122 123 124 125 126 127 128 129 130 131 132 133 134 135 136 137 138 139 140 141 142 143 144 145 146 147 148 149 150
HXB2 L L K L A G R W P V K T I H T D N G S N F T G A T V R A A C W W A G I K Q E F G I P Y N P Q S Q G V
Cons_B* - - - - - - - - - - - - - - - - - - - - - - S T - - K - - - - - - - - - - - - - - - - - - - - - - -
DTG-10 2007 L/I - - - - - - - - - - - - - - - - - - - - - S T - - K - - - - - - - - - - - - - - - - - - - - - - -
DTG-10 2016 I - - - - - - - - - - - - - - - - - - - - - S T - - K - - - - - - - - - - - - - - - - - - - - - - -

151 152 153 154 155 156 157 158 159 160 161 162 163 164 165 166 167 168 169 170 171 172 173 174 175 176 177 178 179 180 181 182 183 184 185 186 187 188 189 190 191 192 193 194 195 196 197 198 199 200
HXB2 V E S M N K E L K K I I G Q V R D Q A E H L K T A V Q M A V F I H N F K R K G G I G G Y S A G E R I
Cons_B* - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
DTG-10 2007 - - - - - N - - - - - - - - - - - - - - - - R - - - - - - - - - - - - - - - - - - - - - - - - - - -
DTG-10 2016 - - - - - N - - - - - - - - - - - - - - - - R - - - - - - - - - - - - - - - - - - - - - - - - - - -

201 202 203 204 205 206 207 208 209 210 211 212 213 214 215 216 217 218 219 220 221 222 223 224 225 226 227 228 229 230 231 232 233 234 235 236 237 238 239 240 241 242 243 244 245 246 247 248 249 250
HXB2 V D I I A T D I Q T K E L Q K Q I T K I Q N F R V Y Y R D S R N P L W K G P A K L L W K G E G A V V
Cons_B* - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - D - - - - - - - - - - - - - - - - - -
DTG-10 2007 I - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - D - - - - - - - - - - - - - - - - - -
DTG-10 2016 I - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - D - - - - - - - - - - - - - - - - - -

251 252 253 254 255 256 257 258 259 260 261 262 263 264 265 266 267 268 269 270 271 272 273 274 275 276 277 278 279 280 281 282 283 284 285 286 287 288
HXB2 I Q D N S D I K V V P R R K A K I I R D Y G K Q M A G D D C V A S R Q D E D
Cons_B* - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
DTG-10 2007 - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
DTG-10 2016 - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

 
 
 
 

    ≤ 1% 1.1-5% 5.1-10% 10.1-25% >25%

In �ve patients, no changes were observed in the 4 terminal 
nucleotides of the 3’ LTR and its extremity (15 nucleotides).
in patient 10, two mutations emerged in a highly conserved 
G-stretch (GGGGGG to GGGAGC)  of the  3’PPT. At the moment 
of VF, when the binding site changes were observed, plasma 
HIV-RNA level peaked to 798 copies/ml (Fig.1) 

Changes in the G-stretch of the 3’PPT in patient 10 at 
VF  were not present at baseline

Sequence analysis 3’PPT. DTG-10-2007 is the sequence generated from 
HIV-RNA in plasma prior to cART initiation. DTG-10-2016  is the sequence 
generated from HIV-RNA in plasma at VF during DTG maintenance 
monotherapy. HXB2 is the sequence from the HXB2 reference strain.

PPT

We analyzed additional amino acid substitutions in HIV-1 integrase at time of VF relative to baseline, 
pre-cART for six out of ten patients that failed without any known INSTI-RAMs. Most of these substitutions 
were at positions that are less conserved with a higher frequency rate of mutation.  For two patients (Pat 3 
and Pat 6), amino acid comparisons were not possible as the integrase sequence at VF could not be 
determined. Therefore, we cannot exclude the presence of INSTI-RAMS in these patients.

In one patient (Pat 10), Time to VF was 24 weeks (Fig.1). No INSTI-RAMS were present. Two substitutions (IV72V 
and LI101I) could be identi�ed when baseline, pre-cART and VF sequences of the integrase gene were 
compared. These substitutions occur at positions with >25% frequency rate of mutation. We also found 
naturally occurring polymorphisms; S17N, S39C, K156N, K173R and V201I (Fig. 2) 
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