PLASMA HIV RNA QUANTITATION

Plasma HIV RNA quantitation was discussed at the New York course
by Daniel R. Kuritzkes, MD, from the University of Colorado Health
Sciences Center in Denver.

he results of recent studies on viral dynamics performed
T with plasma HIV RNA quantitative assays have had impor-
== tant implications for monitoring and treating HIV infection.
Viral load is proportionate to viral production, which, in turn, is
proportionate to CD4+ lymphocyte destruction, although the re-
lationship may vary in individual patients. The importance of
halting viral replication in treatment has been underscored by re-
cent findings suggesting that there is a lifetime limit to the num-
ber of CD4+ cells that an individual can generate. Overall, data
available on the correlation of viral load with disease progression
suggest that suppressing viral replication as completely as possi-
ble and as early in infection as possible may be the most effective
treatment strategy. At present, there are insufficient data, particu-
larly from randomized clinical trials, to support specific treat-
ment recommendations based on viral load levels; however, the
data accumulated to date have provided a coherent picture of the
implications of viral load measurements that permits general rec-
ommendations for treatment and monitoring. The potential uses
of quantitative plasma HIV RNA assays in the clinical setting in-
clude assessing prognosis, monitoring drug activity following
initiation of antiretroviral treatment, monitoring extent and dura-
tion of viral suppression, and assessing the effects of changes in
treatment. Interim guidelines for the use

bridization to oligonucleotides bound to a 96-well plate. The
captured RNA is “decorated” with alkaline phosphatase
molecules by several additional cycles of hybridization using
branched enzyme-conjugated oligonucleotide probes. This com-
plex is incubated with a chemiluminescent substrate and the lib-
erated light signal is quantitated by a luminometer. The NASBA
assay is similar in concept to the RT-PCR assay but uses some-
what different reaction components to amplify target sequence.
In general, the results obtained with these three types of assays
have been shown to be quite similar. Although each of these as-
says provides comparable results and reliability, direct compar-
isons of values from the different assays are difficult in the ab-
sence of a uniform standard.

Correlation of Viral Load With Disease Stage

Relatively stable plasma HIV RNA levels are maintained
during the short term in the quasi—steady state; significant
changes can be attributed to either therapeutic interventions or de
facto increases in viral replication. The plasma HIV RNA assays
have been shown to have prognostic value in several respects.
Plasma HIV RNA levels correlate with HIV disease stage, in-
versely correlate (in general) with CD4+ cell count, to be predic-
tive of disease progression after seroconversion, and to be inde-
pendently predictive of disease progression in later disease. In
the AIDS Clinical Trials Group (ACTG) protocol 116B/117,
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Figure 1. Kaplan-Meier survival curves of
asymptomatic patients followed up from
seroconversion. Patients were stratified by
quartiles of the mean of the first two plasma
HIV RNA measurements (A) and of the
mean of the first two CD4+ cell counts (B).
Kaplan-Meier survival curves shown in (C)
are stratified by median plasma HIV RNA
level in patients with baseline CD4+ cell
counts 2500/ul from a subset of the Multi-
center AIDS Cohort Study (MACS).
Adapted from Mellors JW et al. Science.
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Major Clinical Trials.

Table 1. Risk of Disease Progression Associated with Measured
Changes in Plasma HIV RNA Levels as Reported in

CD4+ cell count, which have been found in
other studies to have independent predic-
tive values, are useful markers and should
be used together to monitor HIV disease
progression.

i Correlation of Viral Load with
Study/Marker effect No. of count at entry  relative risk .
(Reference) subjects  (cells/pL) (95% CI) L
Plasma HIV RNA levels have been cor-
ACTG 116B/117/ 100 86 0.73 (0.52, 1.02)

2-fold (0.3 log,) decrease”
(Coombs et al. J Infect Dis. 1996.)

ACTG 116A/ 187 139

2-fold (0.3 log,) increase™
(Welles et al. J Infect Dis. 1996.)

VA CS298/ 270 350
4-fold (0.6 log,,) decrease”
(O’Brienetal. N EnglJ Med. 1996.)

related with rates of HIV disease progres-
sion in a number of natural history and
treatment studies. In a subset of the Multi-
center AIDS Cohort Study (MACS)
evaluated by Mellors and colleagues,
asymptomatic subjects enrolled after sero-
conversion were placed in quartiles on the
basis of baseline plasma HIV RNA levels,
and the rate of progression to AIDS and
death over subsequent intervals was ana-

1.45(1.02,2.05)

0.44 (0.23-0.81)

*Decrease/increase from pretreatment value. CI, confidence interval.

there were significant differences in HIV RNA copy numbers ob-
served in asymptomatic patients (about 35,000 copies/mL),
symptomatic patients (about 70,000 copies/mL), and in patients
with clinically-defined AIDS (about 140,000 copies/mL). The
intraindividual correlation (r) of repeated baseline plasma HIV
RNA values in patients in the ACTG immunology protocol 209
was .89, indicating there was little variation in individual values
over the short term. In addition, although there was a general
correlation between initial plasma HIV RNA levels and CD4+
cell counts in patients enrolled in ACTG 209, there was signifi-
cant splay of HIV RNA copy numbers at any given CD4+ cell
count. This phenomenon has been repeatedly observed in studies
correlating plasma HIV RNA level and CD4+ cell count, includ-
ing analysis of patients in the virology substudy of ACTG proto-
col 175. Overall, it has been found that there is an approximately
3-log range in viral loads for each CD4+ count. This heterogene-
ity is one important reason why both plasma HIV RNA and

Table 2. Viral Load and HIV Disease
Progression in Patients Enrolled in

the NUCA 3001/3002 Studies.

Relative risk

Marker (95% CI)

Asymptomatic — CDC B/AIDS
Plasma HIV RNA (log, increase)
CD4+ cell count (50% decrease)

1.75 (1.23, 2.50)
1.39(0.93,2.04)

CDC B — AIDS
Plasma HIV RNA (log,, increase)
CD4+ cell count (50% decrease)

3.19(1.19, 8.57)
3.12 (1.45,8.67)

CI, confidence interval.

Data presented by Phillips AN et al at Third Conference on Retroviruses and
Opportunistic Infections; January 28—February 1, 1996; Washington, DC.
Abstract 32.

lyzed. In the quartiles ranging from the

lowest (<4530 copies/mL) to the highest
baseline plasma HIV RNA values (>36,270 copies/mL), 8%,
26%, 49%, and 62% of patients progressed to AIDS by 5 years,
respectively. The proportions of patients who died within 5 years
were 5%, 10%, 25%, and 49%, respectively. Figure 1A shows a
Kaplan-Meier analysis of survival by quartiles based on the mean
plasma HIV RNA measurement from the first two clinic visits.
These data indicate an extraordinary ability of initial plasma HIV
RNA levels to discriminate risk of death very early in the course
of disease. Also, the data show that even though patients with
lower viral loads progress more slowly, progression still occurs.
It does not appear that there is a specific threshold of plasma HIV
RNA levels below which patients do not progress. A similar
analysis by CD4+ cell count quartile (Figure 1B) showed that the
quartile with the lowest counts could be discriminated on the
basis of an increased risk, but that the remaining three quartiles
could not be distinguished on this basis.

In another analysis, patients with baseline CD4+ counts
greater than or equal to 500 cells/uL were grouped according to
baseline viral loads above or below about 10,000 HIV RNA
copies/mL, the median value for the subpopulation. The average
CD4+ count was 780 cells/uL. As shown in Figure 1C, there was
a significantly reduced rate of death in those patients with plasma
HIV RNA levels less than about 10,000 copies/mL, with a me-
dian time to death not having been reached after 10 years, com-
pared with a median survival time of 6.8 years in those HIV-in-
fected patients with higher viral loads. According to Dr
Kuritzkes, the exact progression rate beyond 10 years is difficult
to determine reliably because of the small numbers of patients
who have been followed for such a duration. Analysis of pa-
tients’ plasma HIV RNA levels at given intervals before they de-
veloped AIDS showed an increase in median viral load values
with a decrease in the interval of time to the development of
AIDS; in contrast, patients whose disease did not progress exhib-
ited relatively stable viral loads.

This correlation between pretreatment plasma HIV RNA lev-
els and disease progression has also been demonstrated in large
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Table 3. Use of the Plasma HIV RNA Assays in Clinical Practice: Interim
Recommendations of an International AIDS Society-USA Panel.

Parameter

Recommendation

* Plasma HIV RNA level that suggests
initiation of treatment

* >5,000-10,000 HIV RNA copies/mL and a CD4+ count/clinical
status suggestive of progression

* >30,000-50,000 HIV RNA copies/mL regardless of laboratory/
clinical status

¢ Target level of plasma HIV RNA after
initiation of treatment

* Undetectable; <5,000 HIV RNA copies/mL is an acceptable target

» Minimal decrease in plasma HIV RNA
level indicative of antiretroviral activity

e >().5-log decrease

= Change in plasma HIV RNA level that
suggests drug treatment failure

* Return toward (or within 0.3-0.5 log of) pretreatment value

* Suggested frequency of plasma HIV RNA
measurement

* At baseline, take two initial measurements 2 to 4 weeks apart

* Repeat assessments every 3 to 4 months, in conjunction with

CD4+ cell counting

* Measure at shorter intervals as critical thresholds for decision
points are neared

* Measure 3 or 4 weeks after initiating or changing treatment

* Optimal specimen handling

* All samples should be processed and frozen within 6 hours to ensure

that no significant signal degradation occurs

* The anticoagulant recommended for the particular assay type should
always be used and samples should always be of plasma (not serum)

* The same single assay type (eg, bDNA, RT-PCR, or NASBA) should
always be used for the same individual patient

* Specimens for individual patients should always be handled in a
consistent manner

Adapted from Saag MS et al. Nature Med. 1996.

clinical trials in patients with advanced disease (ACTG 116B/117)
and in those with more intermediate disease (ACTG 175).

Correlation of Changes in Viral Load with Progression in
Treatment Trials

Studies assessing the effect of changes in viral load on dis-
ease progression in HIV-infected patients given antiretroviral
treatment have all yielded the same general conclusion: “Less
virus is better for the patient and reducing viral load is good.”
The Veterans Affairs Cooperative Study 298 reported several
years ago compared immediate with delayed zidovudine treat-
ment in patients with minimal or no symptoms and CD4+ counts
greater than 200 cells/uL. O’Brien and colleagues recently re-
ported the virologic/immunologic analyses from this study, and
detailed the effect of treatment-related changes in plasma HIV
RNA levels and CD4+ cell counts on the risk of progression.
Multivariate analysis of changes between pretreatment and week
8 of treatment showed that each 4-fold (75%, or 0.6-log) de-
crease in plasma HIV RNA levels was associated with a 50% to

55% decreased risk of disease progression (P = .0086); similarly,
each 10% increase in CD4+ cell count was associated with a 50%
reduction in the risk of progression (P = .0069). These two fac-
tors together accounted for virtually all of the beneficial effects
of treatment noted in delaying disease progression; once the ef-
fects of these two factors had been accounted for, the timing of
initiation of treatment proved to have no effect on risk of progres-
sion (relative risk for early vs delayed treatment, 1.06; P = .76).
In ACTG protocols 116A and 116B/117, each 50% decrease in
viral load in response to treatment was associated with a 33% re-
duction in the rate of disease progression; CD4+ cell count in-
creases were also a strong predictor of favorable clinical response
to treatment. Similarly, in ACTG protocol 175, a 1-log decrease
in plasma HIV RNA was associated with a statistically signifi-
cant 70% to 80% reduction in disease progression independent of
the actual pretreatment plasma HIV RNA level, pretreatment
CD4+ cell count, and change in CD4+ cell count. In contrast,
changes in CD4+ cell counts noted up to week 8 of treatment
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were not significantly associated with changes in the risk of HIV
disease progression.

Table 1 summarizes the findings in three major trials that ex-
amined the effects of treatment-related changes in plasma HIV
RNA on progression. Overall, the data from ACTG protocols
I16A and 116B/117 (represented in the table as risk of progres-
sion in the absence of plasma HIV RNA reduction of a given
magnitude) indicate a 30% reduction in the risk of clinical pro-
gression with each 2-fold (0.3-log) decrease in plasma HIV RNA
levels. The data from The Veterans Affairs Cooperative Study
298 show a 55% decrease in risk of disease progression for each
0.6-log decrease in viral load. In addition to these studies, data
from ACTG protocol 175 indicate an approximately 65% de-
crease for each 10-fold (1-log) decrease in viral load. The data
from these studies demonstrate that the degree of clinical benefit
can be predicted by the magnitude of reduction in plasma HIV
RNA levels. The magnitudes of reduction used in analyzing
these clinical trial populations generally were those that were
convenient to examine statistically, particularly given the statisti-
cal power generated by having large numbers of data points from
large numbers of patients. Focusing on the magnitude of de-
creases for which the statistical associations were reported in
these study patients is not necessary in clinical practice—ie, at
present, there is no reason to believe that a 50% decrease in viral
load represents a specific ‘threshold.” It is necessary, however, to
remember that because of intraassay and biologic variation, an
approximately 0.5-log decrease in plasma HIV RNA levels is
taken as minimal evidence of a true antiretroviral effect.

Increases in viral load during treatment have been associated
with an increased risk of disease progression. In an analysis of
patients from NUCA 3001/3002, the North American trials that
evaluated zidovudine and lamivudine monotherapy and com-
bination therapy, the effects of increases in plasma HIV RNA lev-
els from the lowest levels observed after treatment initiation on

clinical progression were examined (Table 2). Progression from
asymptomatic disease to the Centers for Disease Control and Pre-
vention (CDC) stage B HIV disease and from CDC stage B HIV
disease to AIDS was assessed at 24 to 52 weeks following the
treatment-associated plasma HIV RNA nadir value. It was found
that there was a 3-fold increased risk of progression for each 1-
log increase in plasma HIV RNA from the nadir value.

Plasma HIV RNA Assays in Clinical Practice

Issues that require more detailed investigation include: (1) Is
there a threshold plasma HIV RNA level for starting treatment?
(2) Is there a threshold reduction for treatment benefit? (3) Is
there a threshold loss of suppression for withdrawing treatment—
ie, in late-stage patients in whom no antiretroviral regimen ap-
pears to reduce viral load?

Despite the need for increasingly refined guidelines, suffi-
cient data are now available to suggest that plasma HIV RNA as-
says should be performed routinely as part of the initial evalua-
tion of HIV-infected patients to aid in assessing their stage of
disease and risk of progression, and may prove useful in assess-
ing response to treatment in individual patients (see Table 3).
The data available support the contention that treatment should
be considered in patients with viral loads greater than 5000 to
10,000 HIV RNA copies/mL of plasma and CD4+ counts/clinical
status suggestive of progression. Therapy should be initiated in
patients with greater than 30,000 to 50,000 HIV RNA copies/mL,
regardless of clinical or laboratory status. According to Dr
Kuritzkes, the important issue in deciding on treatment goals
with assay use is not determining the minimal effect necessary
for benefit, but to strive to achieve the maximal level of viral sup-
pression (ie, viral loads below the limits of assay detection).

Daniel R. Kuritzkes is Associate Professor of Medicine and
Microbiology at the University of Colorado Health Sciences Center
in Denver.
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