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 31 

 32 
This draft guidance, when finalized, will represent the Food and Drug Administration's (FDA's) current 33 
thinking on this topic.  It does not create or confer any rights for or on any person and does not operate to 34 
bind FDA or the public.  You can use an alternative approach if it satisfies the requirements of the 35 
applicable statutes and regulations.  If you want to discuss an alternative approach, contact the FDA staff 36 
responsible for implementing this guidance.  If you cannot identify the appropriate FDA staff, call the 37 
appropriate number listed on the title page of this guidance. 38 
 39 

 40 
 41 
If you plan to submit comments on this draft guidance, to expedite FDA review of your comments, please: 42 
 43 
• Clearly explain each issue/concern and, when appropriate, include a proposed revision and the 44 

rationale/justification for the proposed change. 45 
• Identify specific comments by line number(s); use the PDF version of the document, whenever possible. 46 
 47 
 48 
I. INTRODUCTION 49 
 50 
This guidance is intended to assist sponsors in the clinical development of drugs for the 51 
treatment of human immunodeficiency virus (HIV) infection.  Specifically, this guidance 52 
addresses the Agency’s current thinking regarding the role of HIV resistance testing during 53 
antiretroviral drug development and marketing.  The guidance is also intended to serve as a focus 54 
for continued discussions among the Division of Antiviral Drug Products (DAVDP), 55 
pharmaceutical sponsors, the academic community, and the public. 56 
 57 
This guidance focuses on resistance to antiretroviral agents as manifested by mutations in the 58 
HIV viral genome that result in reduced phenotypic susceptibility to a given drug product.  While 59 
mechanisms of cellular resistance to antiretrovirals exist, a discussion of them is beyond the 60 
                                                 
1 This guidance has been prepared by the Division of Antiviral Drug Products in the Center for Drug Evaluation and 
Research (CDER) at the Food and Drug Administration.  
 
Paperwork Reduction Act Public Burden Statement:  This guidance contains information collection provisions 
that are subject to review by the Office of Management and Budget (OMB) under the Paperwork Reduction Act of 
1995 (PRA) (44 U.S.C. 3501-3520).  The collection(s) of information in this guidance were approved under OMB 
Control No. 0910-0014 (until January 31, 2006).   
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scope of this document.  In addition, loss of susceptibility to drugs is highlighted, rather than 61 
hypersusceptibility.  Finally, because the field of HIV resistance is evolving, we intend to revise 62 
the guidance as new information accumulates.    63 
 64 
A related guidance entitled Antiretroviral Drugs Using Plasma HIV RNA Measurements — 65 
Clinical Considerations for Accelerated and Traditional Approval 2 offers guidance on trial 66 
design and endpoints in phase 3 antiretroviral drug development.   67 
 68 
This guidance does not imply that one type of resistance testing is more useful than another type 69 
of resistance testing in the clinical management of HIV.  This guidance does not address any 70 
strategies for clinical management of individual patients with HIV, but addresses how serial 71 
assessments of both genotype and phenotype are useful in antiretroviral drug development.  For 72 
characterizing the utility of an antiretroviral drug, both phenotypic and genotypic resistance 73 
testing have strengths and limitations as discussed in this document.  In addition, this guidance 74 
does not address the use of virtual phenotype data in drug development.   Sponsors should 75 
discuss with the Division in advance any plans to incorporate virtual phenotype into trials.  76 
 77 
FDA's guidance documents, including this guidance, do not establish legally enforceable 78 
responsibilities.  Instead, guidances describe the Agency's current thinking on a topic and should 79 
be viewed only as recommendations, unless specific regulatory or statutory requirements are 80 
cited.  The use of the word should in Agency guidances means that something is suggested or 81 
recommended, but not required.  82 
 83 
 84 
II. BACKGROUND 85 
 86 
The primary sources for this guidance document are (1) a two-day session of DAVDP’s advisory 87 
committee, convened November 2-3, 1999, to address issues relating to HIV resistance testing; 88 
(2) the Division’s experience with reviewing resistance data for antiretroviral drugs in new drug 89 
applications from 1999 to the  present including subsequent analysis and presentation of 90 
resistance data to the DAVDP advisory committee; and (3) input from pharmaceutical sponsors 91 
and the HIV community.  Presentations during the November 1999 advisory committee meeting 92 
included the following topics:  93 
 94 

• performance characteristics of genotypic and phenotypic assays 95 
• prevalence of resistance in antiretroviral naïve patients 96 
• the ability of baseline resistance testing to predict subsequent virologic response  97 
• clinical factors that might influence the results of resistance testing  98 
  99 

                                                 
2 We update guidances periodically.  To make sure you have the most recent version of a guidance, check the CDER 
guidance page at http://www.fda.gov/cder/guidance/index.htm. 
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Summaries of presentations at this meeting have been published in Antiviral Therapy 100 
(Laessig et al., 2000). 101 

 102 
  103 
III. HIV RESISTANCE TESTING — GENERAL 104 
 105 
Due to its high rate of replication (109-1010 virions/person/day) and error prone polymerase, HIV 106 
can easily develop mutations that alter susceptibility to antiretroviral drugs.  As a result, the 107 
emergence of resistance to one or more antiretroviral drugs is one of the more common reasons 108 
for therapeutic failure in the treatment of HIV.  In addition, the emergence of resistance to one 109 
antiretroviral drug sometimes confers a reduction in or a loss of susceptibility to other or all 110 
drugs of the same class.   111 
 112 
The application of laboratory technologies such as gene amplification, automated nucleic acid 113 
sequencing, nucleic acid hybridization, and availability of recombinant viruses for testing 114 
phenotypic susceptibility have permitted advances in HIV resistance testing.  Many clinicians 115 
and investigators are currently using these technologies in the clinical management of HIV.  116 
However, only one HIV resistance assay has been FDA approved, and performance 117 
characteristics (e.g., sensitivity, specificity, and reproducibility) for many of the assays in 118 
investigational use have not been fully established.  In addition, the clinical significance of many 119 
mutations or mutational patterns has not been defined completely for many antiretroviral drugs.  120 
Likewise, the quantitative relationship between reductions of in vitro susceptibility and loss of 121 
clinical activity has not been established for most drugs.  Consequently, many of the current 122 
package inserts are deficient in the amount and type of resistance data describing the utility of a 123 
drug in the setting of resistance or reduced susceptibility.  124 
 125 
Despite limitations of resistance assays and their interpretation, several randomized controlled 126 
studies have demonstrated that virologic outcome, at least over the short-term, may be improved 127 
when genotypic or phenotypic data are used to guide choice of drug regimens in patients with 128 
loss of virologic response to prior regimens (Baxter et al. 2000; Cohen et al. 2002; Durant et al. 129 
1999; Melnick et al., 2000; Meynard et al, 2000; Tural et al., 2002).  The Division believes that 130 
characterization of resistance/cross-resistance should be a part of antiretroviral drug development 131 
so that clinically relevant information will be available at the time of approval.  An efficient way 132 
to accomplish these goals is to include resistance testing in all phases of drug development with 133 
an emphasis on earlier stages of development.  As discussed below, assessment of resistance 134 
should not be delayed until phase 3 or postapproval.  We recommend that, prior to or during 135 
phase 1 and 2 studies, investigators begin assessing the potential of a drug to select resistant 136 
viruses and the drug’s activity against HIV isolates resistant to other antiretroviral agents.  137 
During early development, a wide range of doses is evaluated and pharmacokinetic data are 138 
collected, providing information to investigate the relationship between drug exposure and 139 
resistance.   140 
 141 
Optimally, a comprehensive evaluation of a new drug’s resistance and cross-resistance profile 142 
will promote more rational use of antiretroviral drug combinations in the future.  Although this 143 
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document focuses on characterization of resistance/cross-resistance during drug development, we 144 
recommend that these principles also be applied to the currently marketed antiretroviral agents. 145 
 146 
 147 
IV. NONCLINICAL STUDIES 148 

 149 
In vitro studies provide useful information for the design of in vivo studies and can be predictive 150 
of the development of resistant viruses in vivo.  The nonclinical virology section of this 151 
document identifies studies relevant to resistance issues in the development of antiretroviral 152 
drugs for the treatment of HIV infection.  The Division is also developing a nonclinical guidance 153 
document that will elaborate on general nonclinical studies for antiviral drugs.   154 

 155 
The Division prefers that the nonclinical studies (i.e., mechanism of action, antiviral activity in 156 
vitro, cytotoxicity/therapeutic index, and effects of serum protein binding on antiviral activity) be 157 
examined before the initiation of phase 1 clinical studies.  In vitro drug combination activity 158 
studies for drugs that are used in clinical trials should be completed prior to initiation of those 159 
trials.  In vitro selection of resistant HIV-1 variants, the phenotypic and genotypic 160 
characterization of resistance viruses, and cross-resistance analyses should be examined prior to 161 
initiation of clinical studies in HIV-infected patients.  We recommend that sponsors be consistent 162 
in the assay used for any particular analysis or measurement in studies. 163 
 164 

A. Mechanism of Action 165 
 166 

A well-characterized mechanism of action for a new antiretroviral drug can provide insight into 167 
the regions of the HIV genome where mutations that confer resistance ma y develop.  These 168 
regions are not limited to the site of action (viral-encoded target) of the investigational drug and 169 
can include the enzyme substrate(s) (e.g., Gag and Gag-Pol cleavage sites for protease inhibitors) 170 
or another viral-encoded protein(s) existing in a quaternary complex with the target protein (e.g., 171 
gp120 and gp41).  Any metabolite that exerts inhibitory activity should be delineated and its 172 
specificity for the target shown.  For example, reverse transcriptase (RT) inhibitors should show 173 
selectivity for RT over cellular DNA and RNA polymerases.   174 
 175 

B. Antiviral Activity In Vitro  176 
 177 
The in vitro antiviral activity of a compound indicates that it effectively inhibits replication and 178 
forms the basis for defining phenotypic resistance (detected by reductions in susceptibility to the 179 
investigational drug, see below).  The concentration of an investigational drug required to inhibit 180 
virus replication by 50 percent (IC50) should be determined.  The use of the IC50 value for 181 
determining shifts in susceptibility is preferred because it can be determined with greater 182 
precision than an IC90 or IC95 value.  A well-characterized wild-type HIV laboratory strain 183 
grown in peripheral blood mononuclear cells (PBMCs) should serve as a reference standard.   184 

 185 
The antiviral activity of drugs can vary greatly due to, for example, genetic variation in isolates, 186 
host cell type, multiplicity of infection assay used for measurement of virus replication.  Because 187 
of genetic variation, determination of antiviral activity against a broad spectrum of viruses (50-188 
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100 well-characterized laboratory strains and clinical isolates of HIV) is recommended. Antiviral 189 
activity should be assessed in multiple clade B and non-clade B isolates of T-cell tropic HIV-1, 190 
monocyte/macrophage tropic strains, HIV-2, well-characterized drug-resistant laboratory strains 191 
and clinical isolates, real-time isolates, and isolates representative of the virus population where 192 
clinical trials are to be conducted.  This information will provide insight into the breadth of 193 
antiviral activity. 194 

 195 
Protein binding of an antiviral drug to serum/plasma proteins may result in reduced antiviral 196 
activity.  The effects of 45-50% human serum and/or human plasma plus α-acidic glycoprotein 197 
on the in vitro antiviral activity of the investigational drug should be evaluated for multiple 198 
laboratory and clinical isolates, and serum-adjusted IC50 values should be determined (see 199 
section V.D.2).   200 
 201 

C. In Vitro Selection of Drug Resistant HIV-1 Variants  202 
 203 
Selection of resistant viruses in cell culture may indicate whether development of resistance to a 204 
drug is likely to require a few (1-2) or many (> 2) mutations.  The ability of an investigational 205 
drug to select HIV-1 variants with reduced drug susceptibility (phenotypic resistance) should be 206 
determined in cell culture systems.  Selection of variants resistant to the investigational drug 207 
should be repeated several times to determine if the same or different patterns of resistance 208 
mutations develop.  209 

 210 
Two basic methods have been developed to identify mutations conferring a reduction in 211 
susceptibility to a drug.   212 

 213 
• In the first method, a high initial virus inoculum is propagated for several passages at a fixed 214 

drug concentration, using multiple cultures to test different concentrations.  This approach is 215 
useful in identifying drugs for which there is a low genetic barrier to resistance.   216 

 217 
• In the second method, virus is passaged in the presence of increasing drug concentrations 218 

starting at twice the IC50 value for the parent virus.  Virus production is monitored to detect 219 
the outgrowth of resistant virus that is characterized with respect to genotype and phenotype. 220 

 221 
1. Genotype 222 

 223 
Mutations responsible for reductions in susceptibility to a drug can be identified by DNA 224 
sequence analysis of the relevant portions of the virus genome.  The complete coding 225 
sequence of the gene for the target protein should be determined in the early stages of 226 
characterization of mutations associated with reduced drug susceptibility.  Once 227 
mutations are identified, their ability to confer phenotypic resistance should be evaluated 228 
in a recombinant virus system (e.g., by using site-directed mutagenesis or polymerase 229 
chain reaction (PCR) amplification of relevant portions of the virus genome to introduce 230 
these mutations into a standard laboratory HIV genetic background).  Recombinant virus 231 
should then be tested in vitro for drug susceptibility.  Shifts in drug susceptibility (fold-232 
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increases in IC50 value) for recombinant virus relative to wild-type should be determined 233 
(see section IV.E Characterization of Genotypic and Phenotypic Assays). 234 

 235 
2. Phenotype 236 

 237 
Drug susceptibility (IC50 values) for resistant variants and the fold change in IC50 values 238 
relative to the parent virus should be determined (see section IV.E Characterization of 239 
Phenotypic and Genotypic Assays).  Drug resistant variants exhibit a statistically 240 
significant increase in the IC50. 241 

  242 
A number of drugs targeting the CCR5 and CXCR4 chemokine co-receptors are being 243 
developed. A potential concern with CCR5 inhibitors is that resistance may develop by switching 244 
to the CXCR4 co-receptor. The evolution of HIV to a CXCR4-utilizing virus has been proposed 245 
to result in a more virulent virus. Therefore, sponsors should monitor co-receptor switching in 246 
drug selection experiments and in clinical trials. 247 

 248 
D. Cross–Resistance  249 

 250 
HIV variants resistant to one drug in a class of antiretroviral agents may be resistant to another 251 
drug in the same class.  Recombinant viruses containing drug resistance associated mutations to 252 
an investigational drug should be tested for susceptibility to approved and investigational drugs 253 
of the same class.  Conversely, laboratory strains and 10-30 well-characterized clinical isolates 254 
containing resistance-associated mutations for each of the approved and investigational members 255 
of the same class should be tested for susceptibility to the investigational drug.  Clinical isolates 256 
should be representative of the breadth of diverse mutations and combinations of mutations 257 
known to confer reduced susceptibility.  Cross-resistance is not necessarily reciprocal, so it is 258 
important to evaluate both possibilities.   259 
 260 

E. Characterization of Genotypic and Phenotypic Assays 261 
 262 
Well-characterized genotypic and phenotypic assays provide the basis for the analysis of the 263 
emergence of resistant virus during the development of investigational drugs.   264 

 265 
1. Genotypic Assays 266 

 267 
The performance characteristics of genotypic assays should be described, including elaboration 268 
of the following characteristics:  269 

• minimum plasma viral RNA level  270 
• purification methodology for viral nucleic acids 271 
• amplification methodology and primers 272 
• PCR controls  273 
• clade differences 274 
• nucleic acid sequencing methodology 275 



Contains Nonbinding Recommendations 
Draft — Not for Implementation 

 
 

G:\5879dft.doc 
10/29/2004 

7

• description of sequencing primers 276 
• range of mutant/wild-type ratios detectable 277 
• interpretation criteria for mutant scoring  278 
 279 

The entire coding sequence of the gene for the target protein should be determined in the early 280 
stages of analysis of resistant variants.  Once the major mutations leading to resistance are 281 
identified, only the relevant portions of the genome need to be sequenced.  The pattern of 282 
mutations leading to resistance of an investigational drug should be documented and compared 283 
with the pattern of mutations of other drugs in the same class.   284 

 285 
Reporting the details of methodologies is important.  The sponsor should identify sequencing 286 
primers and state how many bases from them can be read accurately. Sponsors should also define 287 
the sensitivity of the genotypic assay used for detecting minority viral subpopulations.3  288 

 289 
2. Phenotypic Assays 290 

 291 
The performance characteristics (accuracy, precision, limits of detection and quantification, 292 
specificity, linearity, range, robustness, stability) of an investigational phenotypic assay should 293 
be well documented.  The sources of viruses (blood, plasma, etc.), their storage and stability, and 294 
cell culture procedures should be described.  For definitions on assay validation, please refer to 295 
FDA’s guidance for industry entitled Bioanalytical Methods Validation.  An additional reference 296 
is ICH Q2A Text on Validation of Analytic Procedures.  Sponsors are encouraged to use an assay 297 
that has been previously characterized and validated.   298 

 299 
The utility of a phenotypic assay will depend upon its sensitivity (i.e., its ability to measure shifts 300 
in susceptibility (fold-changes) in comparison to baseline clinical isolates) and on the 301 
investigational drug’s pharmacokinetics.  To detect clinically relevant breakpoints, drugs for 302 
which the plasma levels are close to the IC50 value can call for an assay with greater sensitivity 303 
than would be sufficient for drugs maintaining plasma levels far in excess of the IC50 value.  304 
Shifts in susceptibility for a clinical isolate are measured by determining the IC50 values for the 305 
isolate and a wild-type standard virus done under the same conditions and at the same time.  This 306 
provides for absolute comparisons between assays.  Readout of phenotypic assays can be 307 
detected with any standard virus assay, such as  p24, viral RNA, RT assay, MTT cytotoxic assay, 308 
reporter gene expression. 309 

 310 
 311 

                                                 
3 A draft guidance with information on genotypic assay validation entitled Premarket Notifications [510(k)s] for In 
Vitro HIV Drug Resistance Genotype Assays issued in  August 2001 (available on the Internet at 
http://www.fda.gov/cber/guidelines.htm).  Once finalized, it will represent the Agency’s perspective on this issue. 
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V. CLINICAL:  USE OF RESISTANCE TESTING IN CLINICAL PHASES OF 312 
DRUG DEVELOPMENT 313 

 314 
Prior to advances in resistance testing technologies, resistance/cross-resistance data were often 315 
not obtained until late in drug development or in the postmarketing period.  However, given the 316 
current availability of resistance testing in clinical practice and the need to disseminate to health 317 
care providers information about an antiretroviral drug’s resistance profile, comprehensive 318 
resistance testing should be undertaken in all phases of drug development.  Crucial decisions in 319 
protocol design and drug development plans hinge on resistance and cross-resistance data and  320 
are discussed in this document.  321 

 322 
In vitro resistance and cross-resistance studies of an investigational drug help focus the scope of 323 
drug development. For example, drugs that exhibit extensive cross-resistance with approved 324 
drugs of the same class are unlikely to be suitable for studies in treatment experienced patients 325 
harboring resistant isolates to that class.  Conversely, for drugs that demonstrate a 326 
nonoverlapping or unique resistance profile, the Division strongly encourages sponsors to 327 
develop clinical protocols studying treatment experienced individuals.  328 

 329 
Epidemiological data suggest that transmission of drug resistant HIV is on the rise, meaning that 330 
one cannot assume that treatment naïve patients harbor wild-type virus (Little et al., 2002).  In 331 
this regard, the Division strongly recommends that samples for baseline resistance testing 332 
(preferably for both genotype and phenotype) be collected on all HIV-infected participants in 333 
multiple-dose studies.  Knowledge of genotype/phenotype at baseline can aid in the 334 
interpretation of unexpected antiviral responses, particularly in smaller dose-ranging studies. 335 

 336 
Based on the principles summarized above, the goals of resistance testing in clinical trials are 337 
threefold:  338 
 339 

1.  To determine the effect of the drug of interest on evolution of the virus, as measured 340 
using genotypic and phenotypic testing at baseline and follow-up and as assessed by 341 
evaluating virologic response to an initial or subsequent regimen   342 

2.  To determine the susceptibility and virologic response of the drug of interest in 343 
patients who have non-wild-type virus at baseline 344 

3.  To determine baseline genotypic and phenotypic determinants of virologic success or 345 
failure 346 

 347 
A. General Considerations 348 

 349 
Data from nonclinical studies and phase 1 and 2 clinical trials should provide a preliminary idea 350 
of the genotypic mutations that confer reduced drug susceptibility and a lack or loss of virologic 351 
response.  Phase 3 trial designs should incorporate this information and expand on it, thereby 352 
aiming to further characterize drug resistance.  353 

 354 
The Division strongly recommends resistance testing in all phases of development and in most 355 
cases, as soon as the drug is introduced into HIV-infected patients.  In general, the type of 356 
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information collected and the types of analyses conducted should be the same for all phases of 357 
development.  Whenever possible, resistance analyses should be prospectively defined.  358 
However, since it is not possible to define a priori key mutations or susceptibility breakpoints, 359 
retrospective analyses can provide important information in characterizing resistance and cross-360 
resistance.  The following sections provide recommendations on the type of resistance data that 361 
should be collected during development and the types of analyses that should be conducted.  362 
Issues relating to a specific phase of development will be highlighted separately.  Appendix A 363 
provides a template for submitting HIV resistance data.  Information about the specific assays 364 
and mutational algorithms used in protocols should also be provided in advance to the Division. 365 

 366 
B. Data Collection 367 

 368 
To characterize drug resistance during development, sponsors are strongly encouraged to collect 369 
the following information: 370 
 371 

• Baseline phenotype and genotype on all study participants.  372 
 373 

The reasons for obtaining baseline samples for phenotype and genotype on all clinical 374 
trial participants are twofold.  First, the prevalence and rate of transmission of drug 375 
resistant virus is increasing (Little et al., 2002), and may continue to increase, as the 376 
HIV population becomes more treatment experienced.  Second, collection of baseline 377 
data provides an opportunity to examine the relationship between 378 
genotype/phenotype and virologic response to drug. Use of resistance testing in study 379 
protocols may help in choosing appropriate combination regimens for treatment 380 
experienced patients (see section V.C.4 for further details). 381 
 382 

• Post-baseline phenotype and genotype on all study participants who demonstrate a 383 
lack or loss of virologic response during the trial.   384 
 385 
Collection of these data provides for the determination of mutations that may 386 
contribute to reduced drug susceptibility.  Phenotypic and genotypic testing should be 387 
performed on all patients at the time that a lack or loss of virologic response is 388 
established.  It is important to collect samples for resistance testing when subjects are 389 
still on study drug, or as soon as possible if study drugs are discontinued.  Studies 390 
have shown that wild-type virus may outgrow resistant HIV viral strains in the 391 
absence of selective drug pressure (Devereaux et al., 1999; Halfon et al., 2003).  In 392 
addition, continuation of resistance monitoring on subsequent regimens is important, 393 
where applicable.  394 

 395 
C. Types of Analyses 396 

 397 
Several types of resistance analyses can be used to characterize a drug’s resistance profile.  Some 398 
analyses are possible only when larger datasets are available.  In phase 3, clinical trial datasets 399 
may be sufficiently large to study the effect that mutations confer upon drug susceptibility and 400 
outcome. Pooling data from several trials (provided the study populations, endpoints, and assays 401 
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are similar) can be appropriate, but should be discussed in advance with the Division.  To 402 
facilitate pooling data, sponsors should attempt to use similar, if not identical, assays throughout 403 
the course of drug development.  Whenever possible, resistance analyses should be prospectively 404 
defined, with the caveat that it is not always possible to define a priori key mutations or 405 
susceptibility breakpoints.  In some cases, retrospective analyses can provide important 406 
information in characterizing resistance and cross-resistance.  407 

 408 
Because of a large number of potential comparisons, statistical testing can be problematic for 409 
analyses of resistance testing and outcome.  Sponsors are encouraged to submit resistance 410 
analysis plans to the Division in advance. 411 

 412 
1.  Baseline Genotype and Virologic Response 413 

 414 
Analyses should be conducted to evaluate HIV RNA response according to the presence and 415 
absence of baseline mutations.  These analyses will help assess the association between a 416 
specific mutation or mutational pattern and virologic response rates.  For example, for a new 417 
nucleoside analogue, virologic response rates would be determined for patients with and without 418 
clinically relevant mutations associated with resistance to other nucleoside analogs.  Analyses of 419 
virologic outcome by baseline genotype should be based on the as-treated population.  Subjects 420 
who discontinue study treatment while suppressed or who discontinue study treatment before 421 
confirmed suppression for adverse event, noncompliance, protocol violation, pregnancy, or 422 
withdrawal of consent can be censored.  Rules for censoring subjects who appear to have a 423 
virologic response prior to discontinuation should be discussed with the Division. The virologic 424 
response parameters used in these analyses are (1) proportion, < 400 copies/mL, (2) proportion,  425 
< 50 copies/mL, and (3) mean change from baseline at the protocol-specified timepoints.  426 
Sponsors are requested to provide analyses on all three endpoints and should discuss endpoints 427 
with the Division in advance.  All subjects should be included in the dataset until the time of 428 
censoring.  The datasets should include variables for reasons for censoring subjects.  Please refer 429 
to Appendix A for further details.  Table 1 below is one example of virologic response rates for a 430 
hypothetical nucleoside analog by the presence or absence of zidovudine-associated mutations at 431 
baseline. 432 

 433 
Table 1.  HIV RNA Response by Baseline RT Mutations at Endpoint 434 

Virologic Response = Proportion < 400 copies/mL 
MUTATION PRESENT MUTATION ABSENT Baseline RTI 

Mutations* Drug X  
(n =) 

Control  
(n =) 

Drug X 
 (n =) 

Control  
(n =) 

Any RTI mutation 50% 6% 80% 11% 
M41L 27% 6% 79% 7% 
D67N 65% 3% 63% 2%  
K70R 72% 3% 54%  2% 
L210W 17% 6% 72%  5% 
T215Y/F 38% 3% 80%  7% 
K219Q/E/N 60% 9% 58% 7% 

* Patients included in these subgroups may have other RTI mutations or mutations in addition to the baseline mutations listed. 435 
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 436 
Table 1 shows response rates according to the presence or absence of specific mutations.  In 437 
clinical isolates, however, mutations often occur in patterns, some of which are considered 438 
primary and others compensatory or accessory.  Exploratory analyses should be conducted to 439 
define sets of mutational patterns with the largest impact on subsequent response rates.  440 

 441 
For some drugs, defining specific mutational patterns that best correlate with a reduction in 442 
treatment response is difficult.  In these cases, another approach is to investigate the number of 443 
baseline mutations that affects overall response.  For example, the response rate (< 400 444 
copies/mL) in subjects with < 5 protease inhibitor (PI) -associated mutations at baseline may be 445 
80% compared to 25% if > 5 PI-associated mutations are present at baseline. For some drugs, the 446 
number and types of mutations may be important for overall clinical response. Therefore, we 447 
recommend sponsors conduct analyses as suggested in tables 2A and 2B.  Sponsors should 448 
discuss in advance with the Division the specific mutations included in the overall number for 449 
the suggested analyses. Additional exploratory analyses may be recommended to further 450 
investigate the impact of certain mutation(s) on virologic response. 451 
 452 
 453 
      Table 2A.  HIV RNA Response by Number of Baseline Mutations at Endpoint 454 

Proportion < 400 copies/mL # baseline mutations1,2 
Drug X 
 (n =) 

Control  
(n =) 

No mutations 80% 11%  
Any mutations 50% 0  
1–2 mutations 66% 4% 
3–4 mutations 44% 4% 
> 4 mutations 35% 3% 
> 3 mutations + mutation at 
x or y  

21% 1% 

> 3 mutations / No mutation 
at x or y  

67% 7% 

1     Patients included in these subgroups may have other thymidine analogue mutations or mutations in    455 
addition to the baseline thymidine analogue mutations listed.   456 

 2      Thymidine analogue mutations include any change at D67, K70, L210, T215, K219. 457 
 458 
Please note the number of PI mutations (4) used in the analysis for table 2B is for illustrative 459 
purposes.  The number of mutations that affect virologic response rates vary for each drug; 460 
therefore the number and type of mutations used for analyses of HIV RNA response should be 461 
discussed with the Division. 462 
 463 
 464 
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       Table 2B.  HIV RNA Response by Number and Type of Mutations at Endpoint 465 
Number of Mutations 

Drug X Control 
Baseline 
Primary 
PI 
Mutation1,2 

< 4 PI Mutations 
(n =) 

> 4 PI Mutations 
(n =) 

 

< 4 PI Mutations 
(n =) 

> 4 PI Mutations 
(n =) 

30 80% (4/5) 80% (8/10) 67% (4/6) 60% (6/10) 
36 100% (6/6) 50% (6/12) 76% (19/25) 24% (4/17) 
46 77% (24/31) 32% (7/22)  38% (3/8) 26% (5/19) 
54 75% (3/4)  24% (6/25) 67% (4/6) 31% (9/29) 
73 67% (4/6) 34% (10/29) 75% (6/8) 50% (7/14) 
77 77% (17/22) 30% (3/10) 79% (19/24) 42% (5/12) 
82 53% (7/13) 31% (8/26) 50% (7/14) 31% (9/29)  
88 75% (6/8) 44% (15/34)  58% (7/12) 25% (2/8) 
90 70% (7/10) 40% (14/35) 56% (5/9) 9% (3/32) 

1     The isolates include but are not limited to the indicated mutation. Most patients had > 1 PI resistance-466 
associated mutation at baseline.   467 
2      Primary mutations include any change at D30, V32, M36, M46, I47, G48, I50, I54, A71, G73, V77, 468 
V82, I84, N88, and L90. 469 
Note:  Results should be interpreted with caution because the subgroups were small 470 
 471 
 472 

2. Development of HIV Mutations 473 
 474 
The Division strongly recommends that genotypic testing be performed on all patients who meet 475 
the definition of a lack or loss of virologic response, preferably while on study drug or as soon as 476 
possible after discontinuation of study drug.  Studies have shown that wild-type virus may 477 
outgrow resistant HIV strains in the absence of selective drug pressure.  For this reason, it can be 478 
useful to collect and store samples for resistance testing at the same timepoints that HIV RNA 479 
testing is done.  These samples can provide important information on the development of 480 
resistance, especially for drugs that may have more than one possible resistance pathway.  481 

 482 
The proportion of subjects who develop any NRTI (nucleoside analogue reverse transcriptase 483 
inhibitor)-, NNRTI (nonnucleoside reverse transcriptase inhibitor)-, or PI-associated mutation 484 
and the time to development of these mutations should be presented.  Both primary and 485 
secondary mutations should be evaluated.  For example, for subjects receiving a new PI, it is 486 
important to evaluate the development of primary and secondary PI mutations along with any 487 
other changes in the PR (protease) and RT gene, when applicable.  It is also important to assess 488 
the genotypic basis of drug susceptibility changes attributable to extragenic sites, such as the 489 
protease cleavage sites. 490 
 491 

3. Baseline Phenotype and Virologic Response 492 
 493 
Analyses should also be conducted to define the decrease in phenotypic susceptibility that 494 
adversely affects virologic response (i.e., susceptibility break-points).  It is important to evaluate 495 
potential susceptibility break-points for which no response or reduced response rates are 496 
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anticipated.  In addition, determination of  baseline susceptibility to other drugs within the 497 
investigational drug’s class is important.  Agreement on susceptibility breakpoints for most 498 
antiretroviral agents is limited; therefore, the median-fold change in susceptibility can be used as 499 
a breakpoint.  Alternatively, other breakpoints could be proposed but should be discussed with 500 
the Division in advance.  Examples of both analyses are presented in tables 3 and 4 below. 501 
 502 

Table 3.  HIV RNA Response (< 400 copies/mL) to Drug X  503 
                by Baseline Susceptibility 504 

 
Baseline Drug X Susceptibility 

Drug X (n =) 
HIV RNA < 400 copies/mL 

 
< 1 

> 1 and < 2 
> 2 and < 3 
> 3 and < 4 

 
< 4 
> 4 

 
78%  
55% 
56% 
7% 

 
61%  
14% 

 505 
 506 

 507 
Table 4.  HIV RNA Response (< 400 copies/mL) to Drug X   508 
                by Median Baseline NNRTI Susceptibility 509 

Baseline NNRTI Susceptibility Drug X 
 (n =) 

Control  
(n =) 

Drug X (median 2.1) 
< 2.1 
> 2.1 

 
72% 
42% 

 
41% 
21% 

NNRTI A (median 3.7) 
< 3.7 
> 3.7 

 

 
81%  
33%  

 
47% 
13% 

NNRTI B (median 41.7) 
< 41.7 
> 41.7 

 

 
45% 
63% 

 
33% 
2% 

NNRTI C (median 1.8) 
< 1.8 
> 1.8 

 

 
58% 
53%  

 
46% 
23% 

 
 510 
 511 

4. Genotypic – Phenotypic Correlations: Changes in Susceptibility from 512 
Baseline  513 

 514 
Assessing changes in susceptibility over time on treatment is an important factor in the 515 
characterization of a drug’s resistance profile.  For the group of subjects who meet the definition 516 
of a lack or loss of virologic response, evaluation of the mean and median-fold changes in 517 
susceptibility from baseline for the investigational drug alone and other approved drugs from 518 
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both inside and outside the same class is important.  In addition, analyses should be conducted on 519 
groups of subjects who develop a particular new mutation(s) during treatment, and the median-520 
fold change in susceptibility from baseline should be presented.  Table 5 is an example of how to 521 
display data from this analysis.  Efforts should also be made to define relationships between 522 
genotype and phenotype. 523 

 524 
  Table 5.  Development of Mutations and Median Change in Susceptibility 525 
                  from Baseline 526 

Median-fold Change in Susceptibility from Baseline  Patients Developing New 
Entry Inhibitor Mutations 

N 
Drug X Control 

Mutation A 
 
  None by week 24 
  Yes by week 24 

  
 

2.1 
2.5 

 

 
 

3.2 
5.5 

 
Mutation B 
 
  None by week 24 
  Yes by week 24 

  
 

1.6 
1.2 

 
 

2.6 
2.2 

 
All Patients Analyzed 

  
1.9 

 
3.2 

 527 
 528 
5. Cross-Resistance  529 

 530 
The evaluation of cross-resistance with other drugs in the same class is important.  531 
Characterization of cross-resistance of a drug provides important and valuable information to 532 
patients and health care providers because these data provide for a more informed selection of 533 
subsequent antiretroviral regimens. Evaluation of the effect of the investigational drug on 534 
subsequent use of other drugs and how previous treatment with other drugs may affect the 535 
response to the investigational drug is essential in drug development.  The former can be 536 
accomplished by designing rollover studies evaluating virologic response rates in subjects 537 
discontinuing study drug in clinical trials. 538 

 539 
Phase 3 trials should incorporate prospective rollover designs to provide for assessment of 540 
virologic responses in study subjects administered subsequent antiretroviral regimens.  When 541 
possible, the design of the rollover study should include a randomized control.  Every effort 542 
should be made to capture as much information as possible from the original studies.  Resistance 543 
testing can be used to assess the genotype and phenotype of antiretroviral experienced patients 544 
that predict success or failure after exposure to previous therapies.  This testing can involve 545 
longer follow-up of study subjects, perhaps continuing into the postmarketing period.  546 

 547 
6. Additional Analyses 548 

 549 
In addition to the analyses suggested above, sponsors should consider conducting the following 550 
investigations. 551 

 552 
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• Where appropriate, exposure-response analyses, which will require obtaining 553 
pharmacokinetic information from some proportion of study patients.  The goal of 554 
such analyses is to determine which drug exposure measures (AUC, Ctrough, etc.) are 555 
relevant to a given virologic outcome.   556 

• Evaluation of drug exposure measurements in individual patients while appropriate 557 
drug levels are maintained.  These evaluations help to distinguish true virologic 558 
failure from treatment failure due to decreased bioavailability or other reasons.  559 

• Pharmacogenetic analyses to determine genetic factors that may be involved in 560 
virologic response (e.g., for co-receptor inhibitors that target a host receptor, it is 561 
important to understand if genetic differences in the receptor affect response). 562 

 563 
D. Other Considerations 564 
 565 

1. Role for Supporting Initial Activity/Dose-Finding Studies  566 
 567 

Primary objectives of initial studies in HIV-infected patients are to establish that the new 568 
investigational agent has anti-HIV activity, to determine the magnitude of that effect, and to 569 
determine the most active dose(s) that can be taken forward in larger studies.  Often, studies that 570 
incorporate short periods of monotherapy (e.g., < 2 weeks) or functional monotherapy (when a 571 
drug is added to a failing but stable regimen) have been helpful in accomplishing these 572 
objectives.  Compared to combination studies, such protocols can more clearly delineate the 573 
effect of the drug of interest.  However, resistant viruses sometimes emerge rapidly for certain 574 
drugs, such that periods of monotherapy can jeopardize a participant’s future therapeutic options.  575 
Thus, some drugs are not candidates for use in monotherapy trials, including trials of very short 576 
duration.  Drugs exhibiting a low genetic barrier (such as those in which a single mutation is 577 
easily selected and able to confer large reductions in susceptibility to the new drug and other 578 
drugs of the same class) should probably not be studied as monotherapy, particularly in treatment 579 
naïve individuals.  Data from in vitro resistance studies should be used to determine whether a 580 
new drug could safely be administered as a single agent for limited periods of time.  Please refer 581 
to Appendix B: Criteria for Resistance-Conferring Mutations. 582 
 583 

2. Dose-Finding Trials 584 
 585 

Sponsors should collect baseline genotype/phenotype information in HIV-infected subjects who 586 
participate in pharmacokinetic/dose finding studies.  Current evidence indicates that virologic 587 
response is better when drug levels can be maintained some increment above the serum-adjusted 588 
IC50 value (see section III page 5).  Study subjects with baseline resistance mutations may require 589 
higher drug concentrations of the antiretroviral drug to achieve an antiviral response similar to 590 
the response observed in patients with wild-type virus.  Patients with particular 591 
genotypes/phenotypes of interest should be prospectively identified for inclusion in dose-ranging 592 
studies.   593 
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 594 
3. Use of Resistance Data to Establish an Indication 595 
 596 

The amount of evidence sufficient to characterize a drug’s general resistance profile and the 597 
amount of data to support a specific efficacy claim against a particular resistant strain of HIV are 598 
not always the same.  Well-controlled, randomized, prospective trials are preferred when 599 
attempting to develop a drug product to obtain a specific indication for use in a select group of 600 
patients with a particular resistance profile at baseline or antiretroviral treatment history.  The 601 
amount of evidence sufficient to establish a claim of efficacy in a specific patient population will 602 
be substantial, and studies of small numbers of subjects are unlikely to accomplish this goal.  603 
Sponsors are encouraged to discuss their development plans with the Division in advance. 604 

 605 
4. Use of Resistance Data for Study Enrollment Criteria, Background 606 

Regimen Selection, and Stratification Factors 607 
 608 
As mentioned above, resistance testing at baseline can be helpful in selecting study participants 609 
with particular resistance profiles at baseline.  For example, to evaluate the efficacy of a new 610 
NNRTI in patients who have failed previous NNRTI regimens, sponsors can elect to enroll 611 
subjects with confirmed genotypic and/or phenotypic NNRTI resistance.  Phase 1 and 2 and 612 
nonclinical data can be used to define which mutation or mutations adversely affect response 613 
rate, so that in phase 3 trials, enrollment can be restricted to subjects without these mutations at 614 
baseline.     615 

 616 
Some studies evaluate a new drug combined with an optimized background, meaning that the 617 
concomitantly administered antiretrovirals were chosen based on data from resistance testing.  618 
For trials that include an optimized background regimen, genotypic and/or phenotypic resistance 619 
testing is used to guide the selection of the background antiretroviral regimen.  In addition, some 620 
studies have used genotypic and/or phenotypic susceptibility scores to quantify the number of 621 
drugs to which a participant may still be susceptible.  Sponsors can also consider using an 622 
external expert committee to aid in the selection of background regimen, especially for subjects 623 
with limited therapeutic options.  624 

 625 
Baseline resistance testing can also be used to stratify patients, providing more even distribution 626 
of participants with resistant isolates between treatment arms.  Rationales for specific 627 
stratification factors should be discussed with the Division in advance. 628 
 629 

5. Non-B Subtypes 630 
 631 
Sponsors are also encouraged to evaluate baseline resistance data and response and the 632 
development of resistance in subjects with non-clade B viruses versus clade B viruses.  Since 633 
many sponsors are conducting global development plans and it is unknown if different HIV 634 
subtypes develop resistance via different pathways, these data will add to the overall 635 
characterization of an investigational drug’s resistance profile (Hirsch et al., 2003). 636 

 637 
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E. Phase 4 638 
 639 

Resistance should continue to be monitored and further described during postmarketing of an 640 
antiretroviral drug.  As more drugs enter the market, additional cross-resistance studies will help 641 
to further characterize the cross-resistance profile between new and existing antiretroviral agents. 642 
 643 
 644 
VI. SUMMARY 645 
 646 
The goal of this guidance is to stimulate the generation of more complete resistance data and 647 
analyses for antiretroviral drug products.  These analyses provide an indication regarding which 648 
mutations are clinically relevant and have an impact on the therapeutic success of a given 649 
product.  Such information could potentially be included in drug labeling to facilitate appropriate 650 
prescribing of products and to maximize the chance for therapeutic success.   651 

 652 
The preceding sections of this guidance include recommendations for how and when to obtain 653 
HIV drug resistance information.  Appendix A provides a template for submitting HIV resistance 654 
data.  Appendix B outlines how the analyses of resistance data might be interpreted and how to 655 
determine whether a mutation confers resistance.  The decision that any given mutation is 656 
clinically relevant and deserves inclusion in product labeling is determined during the course of 657 
an NDA review.   658 
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 659 
APPENDIX A:  TEMPLATE FOR SUBMITTING HIV RESISTANCE DATA 660 

 661 
For each study, datasets should be provided as SAS transport files containing the following 662 
information.   663 
 664 
• The datasets should include one record (row) per patient per isolate (e.g., baseline, failure, 665 

and other timepoints).  666 
 667 
• The data on all isolates should be in columns (with suggested column headings shown 668 

below). (Note: in the SAS transport files, column headings can be given abbreviated column 669 
names to fit the SAS format, but a description of column names should be provided to the 670 
reviewer in the submission). 671 

 672 
• Genotypic data should be provided for (at a minimum) baseline isolates of all patients and 673 

the endpoint isolates of virologic failures and discontinuations — on the corresponding 674 
record for each patient isolate.  675 

 676 
• Phenotypic data should be provided for (at a minimum) baseline isolates of all patients and 677 

the endpoint isolates of virologic failures and discontinuations — on the corresponding 678 
record for each patient isolate.  679 

 680 
The specific criteria for defining virologic failures should be discussed with the Division. This 681 
"definition" of virologic failure is intended to be used ONLY for the identification of patients 682 
from whom isolates should be collected for resistance testing and is NOT intended be used as a 683 
clinical or virologic endpoint in outcome analyses. Isolates from patients with documented 684 
clinical progression should also be included    685 
 686 
One dataset combines patient data, endpoint data, genotypic data, and phenotypic data.  There 687 
are a number of ways datasets can be subdivided (i.e., by clinical study, baseline isolates, or 688 
virologic failure isolates), and the subdivisions should be discussed with the Division before 689 
submission. 690 
  691 
 692 
INFORMATION TO INCLUDE WITH SUGGESTED COLUMN HEADINGS 693 
 694 
A.  Patient Data: 695 
 696 

• Patient identification number 697 
• Isolate (e.g., baseline, Week 24, Week 48, Discontinuation. Multiple isolates should be 698 

numbered, e.g., failure 1, failure 2.) 699 
• Date of isolate 700 
• Previous therapeutic agents where available 701 
• Treatment group 702 
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 703 
B.  Endpoint Data: 704 
 705 

• HIV RNA (copies/mL) at baseline 706 
• HIV RNA (copies/mL) at predefined timepoints (e.g., Week 24 and Week 48) 707 
• HIV RNA (copies/mL) at time of loss of virologic response or discontinuation due to 708 

adverse event 709 
• Endpoint assessments (e.g., mean log change in viral load from baseline)   710 
• Other endpoint assessments (e.g., DAVG, mean log change in viral load from baseline)   711 
• Please indicate if data were censored for reasons other than virologic failure (e.g., 712 

discontinuation due to adverse event) 713 
• Outcome (i.e., responder, virologic failure, discontinuation while suppressed, 714 

discontinuation before achieving viral suppression) 715 
• Reason for discontinuation (i.e., adverse event, pregnancy, etc.) or failure (i.e., never 716 

suppressed, rebound) 717 
• HIV RNA (copies/mL) from additional timepoints can be included. 718 

 719 
C.   Genotypic Data: (for baseline isolates of all patients and endpoint isolates from 720 

virologic failures and discontinuations) 721 
 722 

• Clade 723 
 724 
• Genotype information for all the RT and protease and gp 160 (for agents targeting entry 725 

only), one amino acid per column with the wild-type (WT) amino acid as column 726 
heading.  Changes from WT standard sequence indicated (i.e., blanks indicate no 727 
change).  728 

 729 
• Column with total number of PI mutations in patient isolate (for baseline and 730 

endpoint isolates) 731 
PI mutations to be counted include changes at amino acid D30, V32, M46, G48, I50, I54, 732 
G73, V82, I84, N88, L90, and any additional amino acid changes in PR that are 733 
important/relevant to the study drug as shown in vitro or in clinical trials. Please discuss 734 
with the Division in advance for agreement on the total number of mutations. 735 

 736 
• Column with total number of NRTI mutations in patient isolate (for baseline and 737 

endpoint isolates) 738 
RT mutations to be counted include changes at amino acid M41, E44, K65, D67, T69, 739 
K70, L74, Y115, V118, M184, L210, T215,  and any additional amino acid changes in 740 
RT that are important/relevant to the study drug as shown in vitro or in clinical trials. 741 
Please discuss with the Division in advance for agreement on the total number of 742 
mutations. 743 
 744 

• Column with total number of NNRTI mutations in patient isolate (for baseline and 745 
endpoint isolates) 746 
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RT mutations to be counted include changes at amino acid A98, L100, K103, V106, 747 
V108, Y181, Y188, G190, P225, M230, P236 and any additional amino acid changes in 748 
RT that are important/relevant to the study drug as shown in vitro or in clinical trials. 749 
Please discuss with the Division in advance for agreement on the total number of 750 
mutations. 751 

 752 
Table A1 highlights how genotype information should be displayed, but does not include all the 753 
column headings suggested above. 754 
 755 
Table A1.  Example of Genotype Information Display 756 
 757 
Patient #   Isolate  V-82   N-83  I-84   I-85    G-86   R-87   N-88   L-89 L-90   #  PI Mutations   758 
 759 
001      BL                S  M/L  2 760 
001      WK48    V        S  M  3 761 
002            BL        A/T                 V                                       D  M  4 762 
002      WK48    T    V     M  3 763 
003            BL         T                    V       2 764 
004            BL         V     M  2 765 
 766 
 767 
BL = baseline 768 
WK48 = Week 48 for investigational drug 769 
 770 
 771 

Protease cleavage sites: FOR PROTEASE INHIBITORS ONLY 772 
 773 

• p2/NC protease cleavage site:  show amino acid and position of cleavage site of WT in 774 
column headings (as above for genotype) and indicate amino acid change if mutant  775 

• NC/p1 Gag cleavage sites:  show amino acid and position of cleavage site of WT in 776 
column headings (as above for genotype) and indicate amino acid change if mutant  777 

• p1/p6 Gag cleavage sites:  show amino acid and position of cleavage site of WT in 778 
column headings (as above for genotype) and indicate amino acid change if mutant  779 

 780 
G. Phenotypic Data: (minimally for baseline isolates and endpoint isolates from 781 

virologic failures and discontinuation) 782 
 783 

1. Information on the Investigational Drug 784 
 785 

• Baseline IC50 value for investigational drug 786 
• Baseline IC50 value of reference strain for investigational drug 787 
• Fold resistant change of baseline IC50 value compared to IC50 value of reference strain of  788 

investigational drug 789 
• IC50 value at time of endpoint assessment or failure for investigational drug  790 



Contains Nonbinding Recommendations 
Draft — Not for Implementation 

 
 

G:\5879dft.doc 
10/29/2004 

21

• Fold change in IC50 value at time of endpoint assessment or failure compared to reference 791 
strain for investigational drug 792 

• Fold change in IC50 value at time of endpoint assessment or failure compared to baseline 793 
for investigational drug 794 

 795 
2. Information on Approved/Investigational Agent(s) in the Same Class 796 
 797 
(Please first list agents in the same class in alphabetical order, then list agents with the 798 
same target protein in alphabetical order. Finally, list agents outside the drug class in 799 
alphabetical order.) 800 
 801 
• Fold change in IC50 value of baseline compared to reference strain for all 802 

approved/investigational anti-HIV agent(s)  803 
• Fold change in IC50 value at time of endpoint assessment or failure compared to reference 804 

strain for each of the approved/investigational anti-HIV agent(s) 805 
• Fold change in IC50 value at time of endpoint assessment or failure compared to baseline 806 

for each of the approved/investigational anti-HIV agent(s) 807 
 808 

3.  Information on Approved/Investigational Agent(s) Outside the Investigational Drug’s 809 
 Class With Same Target Protein (e.g.,  NRITS and NNRTIS) 810 

 811 
• Fold change in IC50 value of baseline compared to reference strain for 812 

approved/investigational agent(s) outside the investigational drug’s class  813 
• Fold change in IC50 value at time of endpoint assessment or failure compared to reference 814 

strain for each of the approved/investigational agent(s) outside the investigational drug’s 815 
class 816 

• Fold change in IC50 value at time of endpoint assessment or failure compared to baseline 817 
for each of the approved/investigational agent(s) outside the investigational drug’s class 818 

 819 
4. Information on Other Antiretroviral Agents in the Regimen 820 

 821 
• Fold change in IC50 value of baseline compared to reference strain for other antiretroviral 822 

agents in the regimen, one column/agent 823 
• Fold change in IC50 value at time of endpoint assessment or failure compared to reference 824 

strain for other antiretroviral agents in the regimen, one column/agent 825 
• Fold change in IC50 value at time of endpoint assessment or failure compared to baseline 826 

for other antiretroviral agents in the regimen, one column/agent 827 
 828 
Table A2 highlights how phenotype information should be displayed, but does not include all the 829 
column headings suggested above. 830 
 831 
 832 
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Table A2.  Example of Phenotype Information  833 
 834 

 
 
 

 
Drug X 

Other Drugs in 
Same Drug Class* 

Other Drugs 
Outside Drug 

Class* 
 
 

Sample 

IC50 
value 

Drug X 

Ref strain 
IC50 value 

Drug X 

∆  resis 
from ref 
Drug X 

∆  resis 
from BL 
Drug X 

∆ resis 
from ref 
Drug Y 

∆  resis 
from BL 
Drug Y 

∆  resis 
from ref 
Drug A 

∆  resis 
from BL 
Drug A 

Baseline         
Endpoint          

 835 
Drug X = candidate drug 836 
∆ resis = fold resistance change, e.g.:       IC50 value  of baseline sample with Drug X  837 

  IC50 value of reference strain with Drug X 838 
ref strain = reference strain (or WT) 839 
Endpoint = predefined timepoint for endpoint assessment (e.g., week 24, week 48, failure or discontinuation) 840 
*Note:  The ∆ resis from ref and ∆ resis from BL should be included for all approved anti-HIV drugs  841 

 842 
 843 
 844 
H. Co-receptor Usage (for all agents targeting entry) 845 
 846 

• Co-receptor usage of baseline isolates. Indicate R5, X4, D for dual-tropic, M for mixed-847 
tropic, or D/M if the assay cannot distinguish between dual or mixed, in a column 848 

• Baseline R5 assay value 849 
• Baseline X4 assay value 850 
• Co-receptor usage of virologic failures and end of study isolates (on therapy). Indicate 851 

R5, X4, D for dual-tropic, M for mixed-tropic, or D/M if the assay cannot distinguish 852 
between dual or mixed, in a column 853 

• R5 assay value at failure/end of study 854 
• X4 assay value at failure/end of study 855 

 856 
 857 
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APPENDIX B:  GENETIC THRESHOLD FOR RESISTANCE 858 
 859 

The genetic threshold for resistance can arbitrarily be divided into low and high categories and 860 
may vary as a function of drug concentration.  A product with a low genetic threshold may select 861 
for resistance with only one or two mutations.  In contrast, a product with a high genetic 862 
threshold may require several mutations to result in viral strains with reduced susceptibility. 863 
Sponsors should assess the development of resistance in vitro over the concentration range 864 
spanning the anticipated in vivo concentration.  These distinctions were used to develop the 865 
following factors to consider for products with low or high genetic thresholds.   866 

 867 
A. Low genetic threshold (< 2 mutations required for reduced susceptibility) 868 

 869 
In vitro evidence 870 
 871 

1. Single or double mutations appear after selection for a limited number of passages in 872 
cell culture.   873 

2. Insertion of the mutation(s) by site-directed mutagenesis into standard laboratory 874 
strains yields strains with reduced susceptibility. 875 

3.  A mutation occurs at a significant frequency in clinical isolates, and the clinical 876 
isolates with the mutation(s) demonstrate reduced susceptibility.  877 

 878 
Clinical evidence 879 
 880 

1. Mutation(s) are detected at the time of virologic rebound in a significant number of 881 
patients. 882 

2. There is suboptimal clinical response when the mutation(s) is present at baseline.   883 
 884 

 885 
B. High genetic threshold (> 2 mutations required for reduced susceptibility) 886 

 887 
In vitro evidence  888 

 889 
1. Multiple mutations appear after serial passages of HIV-1 in cell culture in the 890 

presence of increasing concentrations of the agent.   891 
2. Insertion of the mutation(s) by site-directed mutagenesis into standard laboratory 892 

strains yields strains with reduced susceptibility. 893 
3. Clinical isolates with mutations demonstrate reduced susceptibility 894 

 895 
Clinical evidence 896 
 897 

1. Mutations detected at the time of virologic rebound (in a number of patients) 898 
2. Loss of clinical response when mutations are present at baseline. 899 
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 900 
GLOSSARY 901 

 902 
Key mutation:  A treatment selected amino acid change that can cause a decrease in 903 
susceptibility to one or more antiretroviral agents of the same class. 904 
 905 
Accessory or compensatory mutation:  A mutation that by itself does not confer a decrease in 906 
susceptibility to antiretroviral agents.   Accessory or compensatory mutations can augment key 907 
mutations and, perhaps, fitness mutations. 908 
 909 
Polymorphism:   Natural variation in the HIV-1 genome. 910 
 911 
Fitness mutation:  An amino acid change that compensates for the reduced virus growth 912 
resulting from a drug resistance-conferring mutation. 913 
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