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ACTG:

AIDS:

antigen:
antiretroviral therapy:

ARC:

bDNA:

CD4 T lymphocyte:

genome:

gp4l:
HIV-1:

IgA:
IL-2:

lymphocyte:

Glossary

- AIDS Clinical Trials Group. an American. government-sponsored. multi-
centre group of investigators for HIV research

- acquired immunodeficiency syndrome: the name applied to HIV infection
once a major opportunistic illness has occurred

- a molecule that stimulates an immune response

- medical therapy directed at the suppression of HIV replication

- AIDS-related complex: an outdated term for the symptomatic phase of HIV
infection occurring before the onset of a major opportunistic illness

- branch chain DNA assay: a method by which RNA or DNA is quantitated
- a lymphocyte, also known as a T helper cell. generally responsible for
triggering immune responses to foreign antigens. Selectively depleted by
HIV.

- the entirety of genetic information for an organism

- glycoprotein 41: a component of a major HIV surface membrane protein
- human immunodeficiency virus type |

- immunoglobulin A: a type of antibody often found on mucosal surfaces

- interleukin 2: a cytokine involved in cell to cell communication

- a type of white blood cell involved in specific immune responses

non-nucleoside reverse transcriptase inhibitor:

- also known as an NNRTI. a drug that non-competitively inhibits HIV

reverse transcriptase inhibitor

opportunistic illness (OI):

- an illness occurring as a result of immune suppression

major opportunistic illness: - one of 20 potentially severe opportunistic illnesses tvpical
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of HIV infection

minor opportunistic illness: - one of many possible mild illnesses occurring in HIV
infection
p24 antigen: - an HIV membrane protein
PCR: - polymerase chain reaction; a method by which RNA or DNA is quantitated

protease inhibitor: - also known as a PI: drugs that inhibit HIV protease. which is required for
post-translational cutting of HIV proteins
reverse transcriptase: - the viral enzyme responsible for transcribing HIV's RNA into DNA. which
is then integrated into the CD4 cell genome
nucleoside reverse transcriptase inhibitor: - also known as an RTI (in this study) or
nRTI. drugs that competitively inhibit
reverse transcriptase
surrogate marker: - a lab test, or otherwise, used to monitor therapy in the absence of a method

to directly monitor the clinical ctfectiveness of therapy

transcription: - the transformation of RNA into DNA. or vice versa
translation: - the formation of protein from an mRNA template

viral load: - the number of viruses. measured in genome copies per millilitre
virion: - a single virus
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Abstract

Introduction

Surrogate marker responses are imperfect indicators of response to antiretroviral therapy in HIV. It
is proposed that the area under the curve of surrogate marker response will be superior to peak
response. or to that measured after a period of therapy.

Methods

The database trom a study of ritonavir in advanced HIV was used. Using logistic regression. the
specificity of the surrogate marker level at baseline. change between baseline and at time points to
week 16. peak response. and area under the curve of the response to week 16 and week 40 were
determined. The predictive values. likelihood ratios and receiver operating characteristic curves were
determined for those of highest specificity.

Results

Specificitics increased from baseline to week 16. Peak responses were inferior to time period surrogate
marker changes. whereas the areas under the curve were comparable or better than the time period
surrogate marker changes. The highest specificity at any time point was for the CD4 change at week
8 (55.90%). whereas the highest overall specificity was for the 16 week AUC for the CD4% (69.63%).
However. the PPV. NPV_ likelihood ratios and ROC curves demonstrated poor performance overall
for these surrogate markers. Too few subjects had viral load testing for this marker to be assessed.
Discussion

Within the limits of this study. it was demonstrated that the CD4 and CD4% were the surrogate
markers most associated with clinical outcome. with the CD4% AUC to 16 weeks having the highest
overall specificity and the week 8 CD4 having the greatest specificity for clinical use. However. all

surrogate markers had specificities below 70%.



1. Introduction

1.1. Background

The term ~AIDS™ refers to HIV infection that has been complicated by opportunistic (immune
deficiency-related) illness (Appendix 1). The first cases were reported in 1981'; since then. AIDS has
become a significant public health problem®. From 1981 to 1990, HIV-related illnesses were
responsible for 101,000 deaths in the United States®, and in 1994 alone. 41,930 U.S. residents dicd as
the result of HIV infection”. There were 15,935 reported AIDS cases in Canada to June 30. 1998. with
[1.381 reported deaths’. It is estimated that there are some 30-40.000 HIV-infected persons in

Canada’.

HIV selectively infects and kills cells with CD4 T lymphocytes (herein referred to as “CD4 cell™). a
cell vital to the normal function of the immune system. HIV-mediated CD4 cell death gradually leads
to a progressive destruction of the immune system, allowing the development of opportunistic ilinesses
and death. This is a chronic process, with the time from infection to clinical illness or death measured
in years. Studies of homosexual men infected by HIV in the carly 1980's demonstrated that the median
time from initial infection to death was 10 vears®. By 13 vears after infection. 70% of infected men
had died. and 20% had had an AIDS-defining illness. However. with the use of antiretroviral therapy
and specific prophylaxis for opportunistic infections. the natural history of HIV infection, and causes
of death. have changed”’. In general. HIV-infected persons are living longer and the death rate as

declined significantly.

1.2. Antiretroviral Therapy, Surrogate Markers and Clinical Illness
It has been demonstrated that HIV replication occurs at very high rates throughout the course of HIV
infection. with the production of some 10° to 10" virions daily. It has been calculated that a similar

number of CD4 T lymphocytes are generated on a daily basis'. As antiretroviral drugs inhibit HIV
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replication. and HIV kills CD4 cells. these drugs also prevent CD4 cell death. This is manifested as
an increase. of variable magnitude and duration, in the number of CD4 cells in the blood after the
initiation of therapy. The improved immune system results in protection from opportunistic illnesses
and prolonged survival. Treatment of HIV infection with antiretroviral drugs is therefore targeted at
viral replication, not symptoms: treatment rarely leads to immediate improvement in symptoms or

sense of well being.

The plasma HIV RNA level. representing individual HIV virions. commonly referred to as the “viral
load”™. is measured as copies/millilitre (or log,, copies/mL) of blood plasma. Although highly variable
for any level of CD4 cell count. the viral load for any individual tends to remain relatively constant

over short periods of time (six to twelve months)'"'*, slowly increasing over longer periods.

Response to antiretroviral therapy has typically been measured in two ways: the reduction in viral load
from baseline as measured in log units, or increase in CD4 cell count from baseline. Of less defined
usefulness are the CD4%. CDS cell count (another type of lymphocyte) and CD8%. In clinical practice
and research. the responses in CD8 and CD8% have been poorly described and rarely used to assess
antiretroviral etfectiveness. The CD4% has been considered a marker of lesser variability than the

absolute CD+.

The antiretroviral drugs in general use in Canada are of three classes. The first two. the nucleoside
analogue reverse transcriptase inhibitors (“RTIs™) and non-nucleoside reverse transcriptase inhibitors
("NNRTIs"). work to inhibit reverse transcriptase, the HIV ¢nzyme responsible for the transcription
of HIV RNA into DNA. The licensed RTIs (zidovudine, didanosine. zalcitabine. lamivudine and
stavudine) are of limited potency and durability of effect. with viral load suppressions of perhaps 0.5
to 0.8 logs for six months"*'"*. Combinations tend to produce CD4 and viral load responses of greater

magnitude and duration’. The licensed NNRTIs are nevirapine. delavirdine and efavirenz.
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Monotherapy with these rapidly becomes ineffective: they are more useful when used with two

RTISIG'”.

The third class. the protease inhibitors (or “Pls”) prevent cleavage of the nascent HIV protein after
genomic replication and translation have occurred. This results in the formation of immature virions.
which lack the ability to infect other cells. Members of this family of drugs include saquinavir.
ritonavir. indinavir and neftinavir. These drugs arc much morc potent in vivo. with tvpical viral load
suppressions of 1-2 log,,, often lasting many months even when used alone. These are most effectively
used in combination with nucleoside analogues or other protease inhibitors. providing potent

suppression of HIV for extended periods of time'*.

1.3. Therapeutic Monitoring

There are difficulties with the evaluation of c/inical cffect of antiretroviral drugs:

1. Therapy is directed towards improvement in immune function and therefore reduction in risk for

illness. not symptomatic control.

2. Antiretroviral therapy is provided at any point in the course of HIV infection. although the illnesses
being prevented are not expected to occur for several vears. as they are most typical of advanced HIV
infection (with CD4 cell counts below 200 or especially 100 cells/pL'. where normal counts exceed
600). This is similar to the situation with other diseases, in which a manifestation of the disease
process is measured. with effects on health being delayed months or years. For example. the treatment
of hypertension is measured by the reduction of systolic or diastolic biood pressure: clinical benefits.
however. are not immediate. The reduction in cardiovascular morbidity and mortality produced by

these therapies can only be determined after vears of treatment.

-12-



As the course of HIV infection may be ten years or longer, the conduct of clinical trials of
antiretroviral therapies would be extremely difficult if it were required that clinical endpoints (the
development of HIV-related illnesses or death) were assessed. As such, monitoring of surrogate marker
response are used. It follows. then. that the relationship between changes in these markers and

reduction in likeiithood of illness and death must be established.

Clinical guidelines suggest that surrogate marker responses should be assessed four. cight or twelve
weeks after initiation of antiretroviral therapy™>'. Previous studies examining this relationship have
mostly addressed the magnitude of change in the surrogate marker in response to therapy as a predictor
of clinical response. However. these may be misleading, as the duration of response is not considered.
[t is well recognized that some antiretrovirals may strongly. but transiently. suppress viral load (ie.
non-nucleoside reverse transcriptase inhibitors). Similarly, models based on the duration of response
may be inaccurate. as the inferior potency of many antiretrovirals (including most of the nuclcoside
analogues) is not considered. Modelling techniques based on a combination of these factors may be

superior. One option may be an analysis more typical of pharmacokinetic studies.

Pharmacokinctic studies typically examine the plasma concentration profile of a pharmaceutical
compound. taking into account its absorption, distribution and elimination. The following indices are

determined (Figure | and 2, page 14):

Topax: time to maximum change in concentration from baseline
Canc magnitude of maximum change from baseline

AUC;: area under the concentration curve to time t

Toun: time to return to baseline
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Figure |

Surrogate Marker (CD4) Response Considered as a Pharmacokinetic Curve
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Figure 2

Surrogate Marker (Viral Load) Response Considered as a Pharmacokinetic Curve
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Crax corresponds to the peak surrogate marker response. T, may be difficult to interpret. as its
relationship to drug activity is not immediately obvious. T,,, represents the durability of response. but

does not take into account the magnitude of response.

[t may be that the AUC, is the surrogate marker response that best takes into account the magnitude
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and durability of response. However. there are no reports in the literature of the association between

AUC and clinical outcome.

This association will be assessed in this thesis using the database from Abbott study M94-247. This
randomized. double-blind, placebo-controlled study of the protease inhibitor ritonavir in advanced HIV
infection was initiated on April 3, 1995. HIV-infected persons with a CD4 cell count below 100
cells/ul were assigned to receive ritonavir or a matching placebo in addition to their usual
antiretroviral therapy. The primary endpoints in this study were survival and the occurrence of new
or selected recurrent major opportunistic illnesses. These endpoints were scrutinized in a blinded

manner by an independent committee and were required to fulfill pre-determined diagnostic criteria.

A total of 1090 subjects were enrolled in 67 centres in 10 countrics. The study was stopped early when
an interim analysis revealed that those assigned to the ritonavir arm experienced a survival benefit
(hazard ratio for death = 0.669. p = 0.007) and fewer AIDS-defining illnesses or deaths (hazard ratio

for death = 0.507. p < 0.001)*.

Although all subjects had CD4 and CD8 monitored during the course of the study. monthly viral load
measurements were only carried out on the first 159 with baseline HIV RNA > 15.000. The remaining
study subjects had monthly visits for testing of CD4. CD8$ and clinical assessment. After 16 weeks.
those who experienced a new or selected recurrent opportunistic illness were provided with open label
ritonavir: as well. other antiretrovirals could be changed beyvond week 16 at the discretion of the

treating physicians. After the study was closed. open label ritonavir was provided to all study subjects

1.4. Hypothesis
By taking into account magnitude and duration of surrogate marker response. the area under the curve

of the response will be superior to the peak response, or response at any individual time point. in terms

-15-



of association with clinical outcome. The intent of this thesis. then. is to examine the association

between time period. peak and AUC surrogate marker data from the M94-247 with clinical outcome.

The questions to be addressed are:

Question 1. How do the parameters AUC. C,,,. T, and T,,, compare with cach other. and with

time point surrogate marker changes. in terms of association with clinical outcome”?

Question 2. Which time point of which surrogate marker is most associated with clinical
outcome”?
Question 3. What is the diagnostic performance (predictive values and likelihood ratios) of the

clinical and overall surrogate marker responses of greatest specificity”
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Literature Review

The number of surrogate markers investigated for HIV infection is extensive. At present. the main
surrogate markers measured in clinical trials are the CD4, CD4% and HIV viral load. In addition to
these surrogate markers. there are a number of other factors implicated in the progression of HIV
infection:
Pattent: patient age at the time of infection
past opportunistic illness
Therapeutic:  concomitant medications

compliance

This review will focus upon the literature about the major surrogate markers. in particular CD4.
CD4%. CD8. CD8% and viral load. The role of f2-microglobin. serum neopterin, SI/NSI phenotype.
patient age. past history of opportunistic illness, concomitant medications. and compliance may be
touched upon. but are not the focus of this review. Only published literature will be cited: there are a
total of 45 such publications that will be reviewed. which address surrogate markers and the natural

history of HIV. and their role in monitoring therapy.

2.1 Introduction

Repeat measures of a single blood sample have been found to vary by 5-25%. the range being inversely
proportional to the absolute count™. A second group™ followed a cohort of 1020 untreated persons for
two vears. and found the coefficient of variation within individuals to be 25%. also inversely related
to the absolute count: in 6% of subjects, a second count within 8 weeks was half or double the first.
The rate of decline averaged 14.3% per vear, independent of baseline. but actually rose in 29% of

subjects.
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Longitudinal data document the rate of decline of CD4 cells over time*>**. This tends to be slow and
constant when asymptomatic. but increases when clinical illness supervenes. For instance. the
Schellekens study™ noted an increase in slope of decline when the CD4 cell count reached 400
cells/uL. As well. the likelihood of developing HIV-related illness is closely related to the CD4 cell
count, with the risk for any of these illnesses, in general, increasing with decreasing CD4 cell count'*.
[n one study™ the mean CD4 at the time of first AIDS-related illness was 140 cells/uL (90%

confidence interval 30, 310).

Several authors™*'* have demonstrated that the viral load is inversely proportional to the CD4 cell
count. with wide variability in viral load for any CD4 range. Hughes er a/* found the viral load to
increase by 0.39 log,, for every decrease in CD4 cell of 100. The standard deviation of the viral load
(by PCR) was found to be 0.19 log,,,. independent of level of viremia: the variance of the bDNA assay
was 0.4 log;,,**. Although the risk of opportunistic illness is not as closely tied to the viral load as to
the absolute CD4 cell count. the risk does increase for increasing viral loads within any CD4 range.
Several authors have reported increasing viral loads immediately prior to opportunistic infection™ or
bacterial pneumonia®®, with decreases after treatment, implying that these changes are secondary to

the illness. not causative.

2.2 Surrogate Markers and Natural History: Studies Not Assessing Viral Load
The importance of baseline CD4 cell count as a prognostic factor for the development of AIDS or

death has been demonstrated repeatedly.

In an early study. Fahey er a/* looked at the prognostic importance of CD4 and CD$ cell counts.
CD4:CD8 ratio. p24 antigen, and four markers of immune activation (neopterin. soluble IL-2
receptors. IgA and B2-microglobin) for the development of AIDS in the Los Angeles cohort of the

Multicenter AIDS Cohort Study (MACS). This cohort of at-risk gay men was recruited in four
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American cities in 1984-5; they were followed semi-annually with HIV tests (if HIV-negative at entry
into the study). CD4 cell count and routine biochemical and hematologic studies. Plasma was also
stored for future use, including viral load testing, which became available in the mid-1990's. Using the
Kaplan Meier method and Cox Proportional Hazards Modeling, Fahey determined that the most
parsimonious combination of variables for prediction of the progression to AIDS in this untreated
group was the CD4 cell count and serum neopterin. As this study was conducted in the 1980's. when
little was available for the treatment of HIV or prevention of opportunistic illness, it represents a

virtual natural history study.

A follow-up study using the MACS cohort”” assessed which factors. independent of the baseline CD4
cell count. would predict the development of AIDS within 24 months. Controlling for baseline and six
month change in CD4 with a multivariate Cox model, it was found that a low baseline CD4%. decline
of the CD4% in the first six months of observation. and the development of thrush or fatigue were

independently associated with the development of AIDS.

Another early study of HIV-infected injection drug users. by Page et a/*®. demonstrated. using the same
statistical methodology in a multivariate model. the significance of the association of low CD4 and

clevated IgG or IgA at bascline with death.

2.3 Surrogate Markers and Natural History: Studies Assessing Viral Load

Many of the studies assessing the contribution of CD4 and viral load in the natural history of HIV
infection are sub-analyses of the same cohorts. and therefore examine the same patients. Nonetheless.
the weight of evidence supports the superiority of the viral load as a prognosticator. especially in the

carlier stages of HIV infection.

The earliest published study assessing the relationship between viral load and clinical illness or
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survival is that of Mellors er a/*®. This group compared HIV viral load (by bDNA). p24 antigen.
neopterin and $2-microglobin in terms of association with the development of AIDS or decline in CD4
(defined as a statistically significant negative slope over all CD4 measures), using logistic regression.
in a cohort of 62 men in the Pittsburgh portion of the MACS. Univariate analysis demonstrated a
strong association of AIDS or CD4 decline with higher viral loads or p24 antigenemia. Nineteen of
23 with a stable CD4 cell count had an undetectable viral load. whereas only 10/39 with progressive
CD4 decline or AIDS had this level of viremia. If at least one viral load measure was positive within
two vears of seroconversion. the risk of AIDS before the end of the study was 45% for those with CD4
cell counts above 300 cells/pL. but 86% for those with CD4 cell counts below this threshold. In

multivariate analysis with AIDS as the outcome. only the viral load was significantly associated.

Mellors turther investigated this relationship using the entire Pittsburgh group of MACS?®'. and the full
cohort™. In the former. he compared the prognosis for time to AIDS and time to death for the quartiles
of baseline CD4 and viral load by Kaplan Meier curves. The discrimination was better for the viral
load quartiles: the proportion developing AIDS at 5 vears was 8%. 26%. 49% and 62%. respectively.
for the lowest to highest viral load quartiles. The CD4 quartiles were less discriminating: only the
lowest CD4 range discriminated from any other quartile in time to AIDS or death. The entire cohort
was assessed in a similar manner™, with the baseline CD4 cell count divided into rough quartiles (cut
points of 200. 350. 500 and 750 cells/uL). as were the viral loads (cut points 500. 3000, 10.000 and
30.000 copies/mL). Analysis was performed with Kaplan Meier curves and Cox modeling. This study
revealed a monotonic relationship between viral load and rate of CD4 decline. Within each CD4 or
CD4% category, the viral load provided further discrimination of time to AIDS and survival. Overall.
the baseline viral load was more strongly associated with the development of AIDS than CD4 or any
other surrogate marker. When the baseline viral load was assessed in a similar manner in a cohort of
hemophuliacs (followed from 1979 to 1995), a similar discrimination of risk of AIDS was found*'. In

this last study. the age-adjusted relative hazard for AIDS was 14.3 (95% CI 1.9-105.6) for those with
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baseline viral load greater than 10.000 copies/mL. as compared to less than 1000 copies/mL.

Craib et al* followed a cohort of 79 HIV+ gay men in Vancouver for a median of 11.5 vears. The rate
of progression to AIDS was 69% and 34%. and mortality 61% and 27%. for those with baseline viral
loads above and below the median (3040 copies/mL), respectively. Vlahov* looked at a larger cohort
of 522 HIV-infected persons. With an outcome of AIDS defining iliness or infection-related death.
univariate analysis revealed a significant association with both basclinc CD4 and vira! load. Otherwise.

increasing viral load within any CD4 cell range was associated with increased progression.

Analysis of a smaller cohort of 73 Swiss patients* revealed that, in a multivariate analysis. mortality
was better predicted by the baseline CD4 cell count ( RH for each 100 cell/uL increase 3.5, p=0.003)
than by viral load (p=0.28). This is in contrast with a small study by Pedersen er al**. in which stored
sera from 93 seroconverters (taken 6-24 months after infection) was assessed. with over ten years of
tollow-up. Multivariate analysis revealed the viral load to be most strongly associated with the
progression to AIDS. and the CD4 cell count less so. Similarly. a small French study™ of 36
asymptomatic HIV-infected persons found, in a multivariate analysis. bascline viral load was the best

predictor of progression to illness.

A small subset of untreated HIV-infected persons will survive disease-free for a prolonged period.
often maintaining normal or near normal CD4 cell counts for ten or more years (“"non-progressors”).
Spijkerman er a/* studied 77 men who had been free of AIDS for at least 8 vears. There was an
inverse relationship between baseline CD4 and viral load. and a positive relationship between viral
load and rate of CD4 decline. A few did progress to develop AIDS: multivariate analysis revealed an
association with the baseline CD4 cell count only. This is in contrast to a small study by Pantaleo et
al*’, which demonstrated 20-fold lower viral loads among non-progressors compared to controls. with

strong cell-mediated immune responses against HIV. An uncontrolled study of 10 non-progressors

21-



confirmed the very low viral loads among these individuals*®. Although rare individuals may have a
mutant, non-virulent strain of HIV. it is likely that most non-progressors have very low viral loads by

virtue of brisk anti-HIV immune responses.

A subset of HIV-infected persons progresses quickly to illness and death. Farzadegan et al*® looked
at the CD4. CD8 and viral load of seventeen men from MACS who developed AIDS within three vears
of seroconversion (as compared to 42 who developed AIDS 6 or more years after seroconversion). The
baseline viral load measures were one log,, higher in rapid progressors. and their CD4 cells declined
more rapidly thereafter. The viral load rose ten fold thereafter in the rapid progressors as compared

to slow progressors.

HIV infection in children is a much different disease. and there is little reported about the association
between surrogate markers and discase development. Shearer er a/™ looked at the importance of the
viral load. but not the CD4 cell count. in 106 HIV-infected infants. Those who became ill quickly after
birth had the highest post-partum viral load peaks and viral loads thereafter: those with the highest
peaks had the fastest progression to illness. Mofensen er al*' assessed the relationship between CD4
and viral load with mortality risk for children infected by intravenous gamma globulin. In a
multivaniate analysis. both a lower bascline CD4% and higher viral load were independently associated
with death. [n a time-dependent model. a one log,, increase in viral load led to a relative risk of 2.8

(95% CI 2.1. 3.6). while a 5% absolute decrease in CD4% had a RR of 1.3 (95% CI 1.2-1.3).

2.4 Surrogate Markers and Response to Therapy

A number of published studies have assessed the relationship between surrogate markers and clinical
outcome. mostly in response to single or double RTI therapy. None have assessed the association with
protease inhibitor therapy. Although not a standard therapy now. AZT has been demonstrated to

reduce the likelihood of clinical illness or death in persons with advanced HIV, whereas follow-up
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therapy with ddI or ddC has not demonstrated a survival benefit. Studies of surrogate marker
responses from these treatment approaches parallel the clinical findings: treatment related CD4

changes are associated with clinical response to first line AZT therapy. but not second line ddI or ddC.

The predictive value. but inadequacy as well, of the CD4 cell count was highlighted by Choi et a/>*.
This group analyzed an early AZT study (ACTG 019) and found that each decrease in baseline CD4
of 50 cells/uL was associated with a RR of disease progression of 1.75 (p<0.001). However, AZT's

etfect on CD4 cell counts accounted for only 0-37% of the clinical benefit.

Jacobsen er al” used data from a randomized study of two doses of AZT to perform a nested case
control study of the predictive power of CD4. CD8. p24 antigen. B2-microglobin. neopterin, and
soluble IL-2, CD4 and CD8. for development of ARC. AIDS or death. Cases and controls were
matched for duration of treatment and dose of AZT. length of follow-up. and baseline CD4 cell count.
Viral load was not assessed. Univariate analysis revealed that baseline levels of all the surrogate
markers except for soluble CD4 and CD8 were associated with progression: higher baseline CD8 was
associated with a worse prognosis. Treatment-related changes in CD4. CD4% and P2-microglobin
were associated with progression as well: the association was strongest for the CD4. Multivariate
analysis revealed that only the treatment-related CD4 cell count and B2-microglobin changes were

predictive of illness.

Graham er al™ looked at the association between early (within 6 months) CD4 rises and AIDS or
survival with AZT monotherapy. AZT led to a mean 17 cell/uL increase in CD4 over 6 months. as
opposed to the 30 cells/uL drop in those not taking this drug. After correcting for multiple baseline
variables. early CD4 increases were found to be significantly associated with reduced progression to
AIDS (rel. hazard 0.71 for each 100 cell/uL increase, p=0.0001) and increased survival (RH of death

0.78 per 100 cel/uL increase. p=0.004). A follow-up study®® on the same cohort used Cox
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proportional hazards modeling to look at the value of CD4 cell count. neopterin and $2-microglobin
in AZT monotherapy. At baseline, CD4 cell count and freedom from major or minor opportunistic
illness were associated with survival. Changes in CD4 cell count and continued lack of symptoms of

HIV infection were signiticantly associated with reduced development of AIDS and increased survival.

The relationship between CD4 and disease or death was examined for ddI and ddC by Goldman et a/™.
using data from a study of these drugs after failure of AZT. Thesc authors calculated the slope
between the baseline and CD4 at month 2: responders were defined as having a positive slope. Only
slight nitial increases in the CD4 cell count were seen among those assigned ddl: it fell in those
assigned ddC. The CD4 counts declined after two months. There was a slight excess of deaths in the
ddI group. A probit analysis. using treatment group. previous AIDS diagnosis and bascline Karnofsky

score as covariates. demonstrated that only the baseline CD4 cell count was associated with death.

Mathematical modeling of the rclationship between CD4 and viral load in response to indinavir
therapy”” found that the return to baseline of the CD4 cell count was related to the bascline CD4 count
(r°=0.86. p<0.001). and less so the decline in viral load (r=0.60. p<0.01). Simultancous modeling
revealed that the majority of variability in CD4 return to baseline was attributable to the baseline CD4
level, and that any effect of the viral load decline was at 50% of maximal with only 0.2 log,, decline.
This suggests that the CD4 cell count is potentially misleading, as its duration of change is so

influenced by minimal antiviral effect.

Both CD4 and viral load responses to therapy have been assessed in a number of studies. In general.
CD4 and viral load responses are inversely related. but the range of CD4 responses for any viral load
change is very wide. For instance, Marschner et a/*® demonstrated that. among 317 subjects from
various studies. a viral load decline of 0.5 log,, was associated with a range of CD4 responses. from

a decrease of 271 cells/uL to an increase of 261 cells/pL.
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The independent but additive effect of CD4 and viral baseline levels and treatment induced changes
was documented in two studies by O'Brien er al. and the importance of durability of response was
highlighted. The first study”® examined the relationship with AZT therapy. using data from the
Veterans® Affairs 298 study. All subjects who had at least one baseline and one follow-up measure of
both surrogate markers were studied. using Kaplan Meier curves. Cox Proportional Hazards
Modelling and life tables. The markers were examined in terms of mean change from baseline in the
six months thereafter. Multivariate analysis revealed that only bascline CD4 and viral load were
associated with progression or death: a mean viral load increase of 0.3 log,, was associated with a
relative risk of 1.27 for death. whereas a CD4 increase of 35 was associated with a relative risk of
0.85 A six month average increase in viral load of 0.5 log,, was associated with a RR of death of 1.3.
whereas a CD4 increase of 35 cells/uL was associated with a RR of 0.83. A 75% decrease in viral
load was associated with a RR of 0.44 for progression to AIDS (p=0.009) in multivariate analysis.
and a CD4 increase of 10% resulted in a RR of 0.48 (p=0.007). More of the treatment cffect was
accounted for by viral load changes than CD4 changes: 79% of the treatment effect was accounted for

by the two together.

Further work in the same cohort® demonstrated the additive nature of the surrogate marker responses.
and the importance of duration of response. These authors looked at CD4 or viral load changes
averaged over the first six months of therapy or placebo with the endpoint of AIDS. Multivariate
analysis demonstrated the RR of AIDS was 0.70 for each mean 6 month averaged decrease in viral
load ot 0.5 log,, copies/mL: the RR for a CD4 increase of 35 cells/uL was 0.82 (p<0.001 for both).
There was no interaction: the RR of AIDS was 0.33 with both surrogate marker changes together. and
2.3 if neither occurred as compared to at least one change occurring. The RR of AIDS was 4.28 if the
viral load return to baseline within 6 months, as compared to after this point: no such relationship was

found for the CD4 cell count.
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These studies brought to light the greater importance of viral load in monitoring therapy, which was
confirmed by later publications. Coombs et al* examined viral load data from ACTG 116B/117. in
which a survival benefit was found when switching from prolonged AZT to ddI. The baseline viral
load was found to be an important prognosticator for the development of AIDS. even when
adjustments were made for multiple other variables (RH 1.26 for each doubling in viral load, p=0.02).
A treatment-related 50% reduction in viral load was associated with a RH for illness of 0.73 (p=0.07).
A similar analysis® of ACTG 116A (dd! for AZT-naive persons) demonstrated the independent
prognostic value of baseline CD4 and viral load. as well as the poor prognosis associated with on-
treatment viral load increases (RH 1.43, 95% CI 1.02. 2.03). Hughes er al*” assessed the predictive
value of viral load and CD4 changes in ACTG 24 1. which compared double RTI therapy with double
RTI-single NNRTI therapy. In terms of treatment related changes. only week 8 viral load change was
associated with progression to AIDS: a one log decline was associated with a 32% reduction in

progression.

Several studics have assessed the relationship between surrogate markers and clinical illness in ACTG
175. a study of combined vs single RTI therapy. Katzenstein ef af®* used multivariate Cox proportional
hazards modeling to determine that higher baseline viral load. lesser degrees of treatment-related viral
suppression. and SI phenotype were associated with progression to AIDS or death. After adjustment
for these. the CD4 cell count did not have a statistically significant association with the endpoint.
Fiscus et a/* also examined the relationship between CD4. viral load and disease progression (new
opportunistic illness or death) using KM and Cox methods. Only baseline and week 8 changes in viral
load were associated with opportunistic illness or death in multivariate analysis. The presence of the
SI variant at baseline. or its development. was also associated with increased disease progression.
Greater reductions in viral load were associated with higher CD4 responses. and “undetectable™ viral
loads at any point were associated with reduced progression. This was the first publication to assess

the effect of “undetectable” viral loads (meaning the viral load was too low to be accurately quantitated
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by the assay). which has now become the gold standard surrogate marker response. A variant of this
study was published by Lathey et af®. This study looked at viral load. CD4 and SI phenotype. but also
the infectious (culturable) HIV titre and p24 antigen. Multivariate analysis found that disease
progression to AIDS, death or CD4 decrease of 50% was associated only with viral load and infectious

HIV titre. not CD4 cell count.

Both treatment-related CD4 cell count and viral load were associated with the development of AIDS
in a multivariate analysis of two clinical trials of the reverse transcriptase inhibitor lamivudine®®. This
was confirmed by an analysis of the CAESAR study®’. in which 1840 patients were randomized to
piacebo, lamivudine or lamivudine plus loviride. Treatment-related changes in CD4 and viral load were
both associated with progression to AIDS: a viral load reduction of 1.0 log,, between 12 and 20 weeks
of therapy was associated with a RR of 0.51 (95% CI 0.30, 0.87): a 50 cell/uL risc in CD4 was

associated with a RR of 0.43 (95% CI1 0.26. 0.71).

Finally. Marschner ¢r a/™ looked at the surrogate marker responses of 1330 subjects assigned to a
variety of antiretroviral medications in seven ACTG trials. including ACTG 175 (sce above). The time
period of observation was set at 24 weeks. and the responses at weeks 8 and 24 were examined by
Kaplan Meier curves and Cox Proportional Hazards Modelling for the endpoint of AIDS-defining
illness. There was a strong independent predictive value for both baseline CD4 and viral load: a one
log reduction in viral load was associated with a 53% reduction in progression, and a CD4 increase
of 100 cells/uL was associated with a 60% decrease in progression. After adjustment for baseline viral
load. a one log reduction at 24 weeks reduced progression 72%. with a gradient of effect with
increasing degrees of viral load suppression. This gradient of effect was also present within individual
CD4 cell ranges. A lack of response of CD4 or viral load at week 24 was associated with an 86%
increase in risk of progression compared to any change. Multivariate analysis demonstrated that each

treatment-related reduction in viral load by one log,, was associated with a 51% reduction in
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progression. and each CD4 increase of 100 cells/ul was associated with a 24% reduction in

progression.

2.5. Summary

In summary. both the CD4 and viral load are of significant predictive value for the prognosis of
untreated HIV infection. In multivariate analysis. no other surrogate marker is consistently associated
with clinical outcome. Very low CD4 cell counts are associated with a significant risk of AIDS or
death. whereas the viral load is more broadly discriminatory. as increasing quartiles are associated
with increasing risks of progression in general. and within any CD4 range. In treatment. there is good
evidence that changes in both the CD4 and viral load have independent predictive value. aithough the
viral load may be more consistent across studies and of greater association in each. As well, there is

evidence that durability of response is associated with clinical outcome.



Methods

3.1. Overview
This study was intended to assess the relationship between clinical outcome and (1) clinically useful
surrogate marker measures (at specified time points after treatment initiation). and (2) peak and area

under the curve of surrogate marker response, primarily for subjects assigned ritonavir.

Logistic regression was used to determine the specificities of these surrogate marker changes. which
were then compared. For the time period and overall surrogate marker responses of greatest specificity.
the odds ratio and positive and negative predictive values and likelihood ratios were calculated. The
time frame of this study is 40 weeks. with censoring of any surrogate marker or clinical outcome data
occurring beyvond this time. All analyses were performed on a Hewlett Packard Pentium 120 computer.

using the SPSS 7.5 for Windows statistical package.

3.2. Study Population
Subjects for M94-247 were enrolled in 67 centres in ten countries in North American. Europe and
Australia. A total of 1716 subjects were screened and 1090 eventually randomized. Six hundred and
twenty-six potential subjects were excluded for the following reasons:

371 with abnormal lab results

116 with CD4 cell count > 100 cells/uL

45 withdrew consent

26 with acute illness/ clinical deterioration precluding randomization

2 died

15 requiring protocol-prohibited drug

34 other reason

17 reason not specified
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All subjects were used for this analysis if baseline surrogate marker data were available. The

characteristics of the subjects used in this analysis are presented in the “results” section.

3.3. Data Description and Transformation

Outcome Variable

The outcome variable for this analysis could be one of three nominal variables:

I

L.

II.

Death

First opportunistic illness or death

First (or selected recurrent) opportunistic illness

The strengths and weaknesses of these are outlined in Table 1.

Table |
Strengths and Weaknesses of Possible Qutcome Variables
Outcome Strengths _ Weaknesses
AIDS- - strongly related to immune status and - moderately large number of subjects
defining therefore drug effectiveness
iliness - carcfully scrutinized
- clinically significant
Death - well-defined - small numbers
- clinically significant - some deaths may be unrelated to HIV
- deaths may be related to HIV or study (suicide. hepatitis) or immune status
drug but not Ols (HIV cardiomyopathy)
AIDS- - as for “deaths” - potential inequality of endpoints (some
defining - considers more possible serious events | Ols are of limited morbidity)
illness or - largest number of subjects - some deaths may be unrelated to HIV
| death (suicide, hepatitis) or immune status

The endpoint of first (or selected recurrent) opportunistic illness was chosen (see discussion). For the

entire cohort. 258/1086 (23.8%) subjects experienced an opportunistic illness in the period of follow-
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up. In the group assigned to receive ritonavir, 88/541 (16.3%) developed an opportunistic illness.

Covariates

The baseline variables of concern are those with a scientifically plausible association with the endpoint

of opportunistic illness. Those considered for this study are the following

[

e
I
Iv.
V.
VL
VIL

VIIL

Past major opportunistic illness (nominal)

Past minor opportunistic illness (nominal)

Present reverse transcriptase inhibitor (RTI) use (nominal)

Present number of reverse transcriptase inhibitors used (ordinal: 0, 1. 2. 3)
Present number of reverse transcriptase inhibitors used (ordinal: 0. 1. >2)
Reverse transcriptase inhibitor(s) added to week 16 (nominal)

Reverse transcriptase inhibitor(s) added to week 40 (nominal)

Subject age (continuous)

Information on the other baseline variables of SI/NSI phenotype®®*™™ (syncytium inducing/non-

syneytium inducing) and subject compliance with medication” . which are commonly associated with

clinical outcome. were not available from the sponsor of the study.

The surrogate markers to be studied. all continuous variables. are:

L
II.
[

CD4 T lymphocyte cell count
CD4 %
CD8 T lymphocyte cell count
CD8%

HIV RNA level (log,, transformed)

Surrogate marker responses were analysed as the following variables:

L

Baseline
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IL. Change from baseline to week 2

III. Change trom baseline to week 4

Iv. Change from baseline to week 8

V. Change from baseline to week 12

VL Change from baseline to week 16

VII.  Peak response (or nadir response, in the case of viral load) to week 16

VII.  Time-averaged arca under the curve to week 16 or endpoint before week 16 (TAUC )

IX. Time-averaged area under the curve to week 40 or endpoint before week 40 (TAUC,,)

The baseline. peak and time-averaged AUCs were assessed individually for the subjects assigned
ritonavir and placebo. and all subjects considered together. The week 2 to week 16 responses were
assessed for the ritonavir-assigned subjects only: there is little meaning to time period surrogate marker
changes tor individuals randomized to placebo, as these would presumably be random changes in the
surrogate marker. The CD4 and CD8 T lymphocyte cell counts (herein refer to as CD4 and CDS cell
counts. respectively). and the HIV RNA level (herein referred to as viral load). are measured directly.
The CD4% and CD8% are calculated as the proportion of lymphocytes represented by these cell lines.

respectively.

[The thesis proposal had discussed analysis of the association between time to peak or time to nadir
and clinical outcome. However. upon examination of the database. it is clear that the large vanability
in surrogate markers would preclude the consistent determination of these points. For instance. it is
not unusual to see a slight decline in CD4 early in the study. regardless of therapy received. thereafter
followed by a rise. usually in response to therapy. For this reason. these variables were not examined

in this thesis].
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As needed, distributions of covariates was determined by examination of a histogram of the frequency

of covariate value. An appearance of normality was confirmed by the Kolmogorov-Smirov test.

Time-Averaged Area Under the Curve

The area under the curve for the surrogate markers in this study was calculated with the trapezoidal
rule:

AUC=Y (a+b)xh
2

J

F

The Trapezoidal Rule

Change in CD4

where  a = change from baseline at start of interval
b = change from baseline at end of interval

h = length of interval

The time-averaged area under the curve was calculated as follows:

Time-averaged AUC = AUC
X
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where x = weeks of follow-up

TAUCs were determined for each variable to week 16 (herein referred to as TAUC ;): the study
protocol required that there be no change in antiretroviral therapy to this point. These TAUCs.
therefore. should represent the effect of the study drug only, as opposed to the study drug plus

whatever other therapies were started at the discretion of the investigators.

The TAUC was also determined for the entire 40 week period under study (herein referred to as
TAUC,,): this will allow for analysis of the surrogate marker response to the therapeutic approach.
which may involve addition or discontinuation of ritonavir or other antiretrovirals. This will offer little
in terms of determining ritonavir-related changes: it will assess the clinical response to surrogate

marker changes in general.

There are several potential difficulties with AUC calculation:

L. Different periods of follow-up. Study visits were scheduled at weeks 0. 2 and 4. and then everv four
weeks. Relatively few subjects continued to be followed to 40 weeks because of death. development
of illness. or loss to follow-up. To allow for appropriate correction for this. the time-averaged AUC

was used.

2. Irregular periods of follow-up. This study will compare the TAUCs of those who do not develop
an endpoint as compared to those who do: the data will be censored at the point of illness for the latter.
However. this point of illness may not be at a study visit: for instance, it may be at day 32. which is

four days after the week 4 visit. The options available would be two-fold:

A Exact analysis: calculation of the projected TAUC to the point of censoring based on

that of the previous interval
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B Truncated analysis: calculation of the TAUC to the study visit inmediately preceding

the endpoint

Both of these were performed for the CD4 cell count for all subjects, and the corresponding Pearson
correlation coetficient was found to be 0.902 (p < 6.001). Because of this close association. and
because of the difficulty of calculation required for the exact analysis, the truncated analysis was

chosen.

3. Missing data. Subjects with missing baseline values were excluded from the analysis. as no change
from baseline could be calculated. Otherwise, missing data points were extrapolated as being on a
straight line between adjacent available data points. For calculation of the TAUC to the time of an
endpoint (or. in this analysis. to the study visit before endpoint development) when data is missing
immediately prior to the pre-endpoint visit, the last available surrogate marker measure was carried

forward to the time pre-endpoint visit (Figure 4).

Figurg 4
Method of Extrapolating Data to the Point of Clinical Outcome

in the Case of Missing Data
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3.4. Statistical Methods

Logistic Regression
Logstic regression was used to determination the association between surrogate marker changes and

opportunistic illness. allowing us to answer the following question:

“How is the change in x units of the surrogate marker in response to the initiation of therapy
with ritonavir associated with reduction of y units in the odds of developing an HIV-related

illness or death over the period of ¢ weeks?”

Univanate logistic regression was used to determine whether there was an association between baseline

variables and the outcome. A level of significance of 3% was used for this selection of baseline

vanables.
g (x) =By + Pyx,
where x, = baseline variable and g(x) is the logit function

Next. logistic regression (univariate and with inclusion of significant baseline variables)was performed
tor each covariate. Again. the level of significance accepted for the model 3° was 0.05.
g (x) =By + PByx; . Pres . Bixy
where  x, x, = baseline variables
x; = surrogate marker response
Multivariate analysis was performed in two steps: the first entering the baseline variables of statistical
significance. and the second using forward stepwise regression of the five surrogate markers at a given

week (or peak. TAUC,s or TAUC,,). The p fo enter was 0.15. and p to remove 0.20.

Determination of Surrogate Marker Predictive Value

The observed vs expected classification table (adjusted for the number of the outcomes) provides a
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direct output of the proportion of cases categorized properly with the logistic regression equation used.
This yields the percent correct of those with outcome 0" (lack of opportunistic illness in this study).
and percent correct with outcome 1" (development of opportunistic illness). These are the specificity
and sensitivity of the prediction of outcome based on a logistic regression model using surrogate

marker response.

The use of specificity in this study is clinically relevant. The usc of a test with increased specificity
would allow for exclusion of individuals without disease (or unlikely to develop a clinical endpoint in
this study): those left would be likely to develop illness or be false-positives (as false positive rate =
I - speciticity). who could be monitored more closely or prophylactic measures taken. Specificity is
defined as:

specificity = _d
b+d

as defined from a standard 2x2 contingency table:

Disease + Disease -

Test + a b

Test - c d

Specificity is a binomial entity: as such, the 95% confidence interval is calculated as follows:

T PR

n

95%Cl=p=

where p = specificity

n = sample size (b + d trom the contingency table)

For the purposes of this thesis. we will use the specificity as the measure of surrogate marker response.
In other words. we will determine which surrogate marker, or set of markers. is most associated with

freedom from clinical illness. This will be determined. by examination of the specificity and 95%
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confidence interval. for the clinically applicable surrogate marker response and for all possible

surrogate marker responses.

Interaction
There is evidence from clinical trials that the virologic response to antiretroviral therapy may. in part.
be dependent upon the bascline CD4 cell count or viral load. As well. it is generaily felt that the CD4
response to antiretroviral therapy may be hindered by a low bascline CD4 cell count: there is little
published evidence to support this. Therefore, the interaction between baseline and time
period/peak/AUC changes in the same surrogate marker was explored for CD4, CD4% and viral load.
As well. the viral load tends to increase as the CD4 or CD4% decreases™*'**: this interaction was

explored as well.

Interpretation of Results
Clinical practice requires “real time™ assessment of surrogate marker responses. As such. the peak
response (which can only be determined retrospectively. once all the data points are available) cannot
be used in clinical management. As well. the TAUCs are determined retrospectively. and by their very
nature. would not be amenable to use in clinical practice. As well. both Canadian and American
guidelines suggest reassessment of the patient within 8 weeks of initiation of therapy. and the standard

of clinical care is to see patient every twelve weeks:

Canadian™: - plasma viral load should be measured 4-8 weeks after initiation or change of therapy

- plasma viral load and CD4 should be measured everv 3 months thereafter

American™: - plasma and CD4 cell count should be performed at baseline, after 4 weeks. and

every 3-4 months thereafter.

-38-



As such, the Week 16 response will be excluded from consideration as the best surrogate marker
response for clinical use. Therefore, the surrogate marker responses assessed for clinical use were the
Baseline and Week 2 to Week 12 responses. The surrogate markers of greatest clinical and overall

specificity in those assigned ritonavir were assessed for the following;

1. Odds Ratio

The odds ratio for the development of opportunistic illness were calculated with the formula:
\P = cﬂl-A
where ¥ = odds ratio
B, = estimated coefficient of the surrogate marker in the logistic equation

A = change in surrogate marker

2. Positive and Negative Predictive Value
The positive predictive value was calculated with the following formula:
PPV=__a
a+b

where PPV = positive predictive value

aand b are taken from the 2 x 2 contingency table (see page 37)

The negative predictive value was calculated with the tollowing formuia:

NPV=_4d

c+d

where NPV = negative predictive value

¢ and d are taken from the 2 x 2 contingency table (see page 37)

3. Positive and Negative Likelihood Ratios

The positive likelihood ratio (+LLR), and negative likelihood ratio (-LLR) were calculated with the
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following tformulae:

+LLR =_a +_b
a+tc b+d

-LLR =_¢ +_d
a+c b+d

where  a. b. c and d are taken from the 2 x 2 contingency table (see page 38).

4. Receiver Operating Characteristic Curves
Receiver operating characteristic curves (ROCs) were developed for the clinical and overall surrogate
marker responses of greatest specificity using source data. coded such that those subjects without data

at the time point of interest were excluded from the calculations.

tatistical Significan

Unless otherwise specified. statistical significance is assessed at the 3% level.
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Results

4.1. Study Population
Of the available subjects from M94-247, 1086 subjects were used. Four were excluded because of lack
of baseline surrogate marker data. The characteristics of the subjects are illustrated in Table 3 (page

43). The opportunistic illnesses encountered in this study are in Table 4 (page 44).

4..2. Baseline Variables

Potentially confounding variables were analysed separately for all subjects and those assigned to
ritonavir. with the outcome of opportunistic illness (Table 2). Only the baseline variable past major
opportunistic tllness™ was found to have a statistically significant association with the outcome . but
“present RTI use™ was of borderline statistical significance for all subjects as well as those assigned

to ritonavir. Therefore, these two variables were included as baseline vanables in further analyses.

Table 2
Association of Baseline Variables with Opportunistic Illness
in All Subjects and Those Assigned Ritonavir
All Subjects Ritonavir Subjects
LLRy* | Sig B OR || LLRx’ | sig B OR
L

Past Major OI 3.332 0.185 0.388 1.474 6.423 0.011 0.728 2071
Past Minor OI 0.010 0.922 0.506 0477
Present RTI Use 2.897 0.080 | -0.060 | 0.946 2.349 0.110 -0.429 0.651
Present # RTIs 0.953 0.812 2478 0.479
Present # RTIs (1) 0.221 0.896 2473 0.290
Pt. Age (cont.) 0.044 0.834 2822 0.253
Tx added (16 wks) 0.052 0.819 0.161 0.689
Tx added (40 wks)_ 1.097 0.295 0.505 0477

LLRy2 = log likelihood chi square
sig = level of statistical significance
f = coefficient

OR = odds ratio
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Characteristics of Subjects Used for Surrogate Marker Analysis

Ritonavir Placebo All Subjects
Median Baseline CD4 (IQR) 18 (10, 43) 22 (10. 47) 20 (10. 44)
(cells/ul)
Median Baseline CD4% (IQR) (%) 3.0(1.5,5.0) 3.0(1.5.5.5) 3.0(1.5.5.5)

Median Baseline CD8 (IQR)

(cells/uLl)

411 (245, 635)

408 (242. 677)

409 (243,657

Median Baseline CD8% (IQR) (%)

59.0 (47. 68.5)

60.5 (49.5. 69.0)

60.0 (48.0. 69.0)

Median Baseline Viral Load (IQR)

5.40 (4.98.5.61)

5.23 (4.86. 5.53)

5.28 (4.92,5.37)

(log,, copies/mL)

Median Age (IQR) (yrs) 38 (34.44) 38(33. 44 38 (34.44)

Past Major OI (%) 67.1 61.3 64

Past Minor OI (%) 88.4 y1.7 90

Present RTI Use (%) 78.2 77.4 77.8

% male 92.1 91.4 91.5

% devcloping Ol 16.3* 31.2% 238

% dying ] 4.6* 6.4 55
*p<0.05
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Occurrence of Opportunistic [llnesses in M94-247 by Type

;][jumber % of Qutcomes % of Study Population

Candidiasis 1 60 228 3.5
Cervical Cancer 0 0 0
CMYV Retinitis 37 14.1 b
Other CMV Infections 17 6.5 1.6
Coccidioidomycosis 0 0 0
Cryptococcosis 7 2.7 0.6
Cryptosporidiosis 6 23 0.6
Herpes Simplex 3 1.2 0.3
Histoplasmosis 2 0.8 0.2
Isosporiasis 0 0 ]
MAC 2 8.4 2
Pneumocystosis 33 12.5 3
PML 6 23 0.6
Bacterial Pneumonia 2 0.8 0.2
Salmonellosis 0 0 0
Toxoplasmosis 4 1.7 0.4
Tuberculosis 0 0 0
AIDS Wasting Syndrome 11 42 l
HIV Encephalopathy 7 2.7 0.6
Kaposi's Sarcoma 27 10.3 25
Lymphoma 12 4.6 1.1
Other 7 2.7 0.6
Total 263 100

CMYV = cytomegalovirus
MAC = Mycobacterium avium complex

PML = progressive multifocal leukoencephalopathy
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4.3. Description of Covariates

The descriptive statistics for the covariates is included in Appendix 2.

4.4, Correlation Between Covariates
The correlation between the covariates CD4 and CD4%. and between CD8 and CD8%. were analysed

by means of Spearman rank correlation (Table 3).

Table 5
The Correlation Between CD4 and CD4%, and CD8 and CD8%,
for All Subjects and Subjects Assigned Ritonavir
} Rnnge_ofiigniﬁcance of Correlation*

All Subjects CD4 and CD4% 0.699-0.847

CD8 and CD8% 0.270-0.683

Ritonavir Subjects || CD4 and CD4% 0.723-0.839

CD8 and CD8% 0.291-0.665

* level of significance by Spearman Correlation. at different times of obscrvation

The correlations. in gencral. are slightly greater for those assigned to ritonavir than for the study

population as a whole. and greater for the CD4 and CD4% than for CD8 and CD8%.

4.5. Univariate Analysis
Univariate logistic regression, both unadjusted and adjusted for the significant baseline variables. was
performed for the time period. peak and TUAC responses for ali five surrogate markers. for all

subjects. and for those assigned to ritonavir and placebo. The results are presented in Appendices 3-7.

4.6. Comparisons of Specificities
The specificities derived from the logistic regression equations of the surrogate markers adjusted for

baseline variables are presented in Table 6a and 6b (page 44).
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Table 6a

Specificities of the Surrogate Marker Responses Adjusted for Baseline Variables
for Subjects Assigned Ritonavir

CD4 CB4% CDS8 I CD8% VL
Baseline 4600 | 4786 | 3598 | mas | ssa
Wk2 3966 |omas | 6w | em | sl
Wk 50.42 49.71 3942 | 3295 45.45
WkR sson | 5000 | 4539 3343 | 4643
Wk12 ss02 | s497 | so31 | 3882 | 2600
Wk16 61.23 | 6361 61.90 6424 | 23.08
Peak 5188 | 4297 | 4870 3203 40.68
TAUC, 5668 | 6963 62.11 54.66 77.97
| TAuC, 854 | 5705 59.28 0.1 61.02

* shaded cells are of surrogate marker responses whose LLRy* did not reach statistical significance (p- 0.03).

Table 6

Specificities of the Surrogate Marker Responses Adjusted for Baseline Variables
for All Subjects and Subjects Assigned Placebo

Placebo All "

CD4 CD4% cD8 CD8% VL CD4 CD4% CD8 CD8"% VL

Baseline || 4334 | 47.12 | 47.47 | 3494 ] 4667 | 45.11 | 4739 | 4465 | 33.00 | 2046

Peak || 4689 | 36.33 | 4244 | 4469 | 5122 | 4577 | 4820 | w964 | 3338 | 3200

TAUC, || 56.43 | 49.68 | 4984 | 5627 | 6000 | 51.26 | 5396 | 5093 | s8.82 | 3030

TAUC,, || 5250 | sa.32 | 5177 | s691 | 60.00 | 5000 | 5578 | 5837 | 39.02 | 4545
* shaded cells are of surrogate marker responses whose LLR? did not reach statistical significance (p-0.03).

-45-



Some general observations about these specificities may be made:

Ritonavir-Assigned Subjects

I. None of the viral load surrogate marker responses. except for the baseline. can be interpreted
because of lack of statistical significance of the model x°. Most of the CD8% responses. as well, do

not reach statistical significance.

2. There is a clear trend towards increasing specificity from baseline to week 16 for the remaining

surrogate markers.

3. Considering time points up to 12 weeks (during which time initial surrogate marker testing would
be performed after starting antiretroviral therapy), CD4 and CD4% are clearly superior to the included

CDS8 responses. These differences are less evident at 16 weeks.

4. Peak responses for any surrogate marker are inferior to the TAUC,, and TAUC,,. as well as the 12

and 16 weck responses for all the included surrogate markers.

5. The specificities of the TAUC,; and TAUC,, is as good as or better than any of the time period

responses in almost all cases.

6. The TAUC,, for the CD4% appears to have the greatest specificity (69.63%).

Pl ubjec

[. Only the baseline CD4 cell count was associated to a statistically significant degree with the

outcome of opportunistic illness. The degree of association between the other covariates and the

outcome did not exceed that expected by chance alone.

-46-



All Subjects

1. None of the viral load results is of statistical significance.

2.. The baseline surrogate marker levels and peak response for any surrogate marker is inferior in

spectficity to the TAUC,s and TAUC,,.

3. The difference in specificity between all subjects and those assigned ritonavir is variable in

magnitude and direction.

4.7. Multivariate Analysis

Is a combination of variables superior to univariate analysis? This question was investigated for the
ritonavir-assigned subjects as well as all subjects considered together. After entry of the baseline
vanables. the five surrogate markers at cach time point or for cach PK parameter were entered into
a logistic regression equation using the forward stepwise method (see Methods). The results are

tllustrated in Appendix 8.

The surrogate markers were entered in several ways:

Entry 1. All five surrogate markers (CD4. CD4%. CD8. CD8%. viral load)
Entry 2:CD4. CD8. viral load

Entry 3.CD4. CD4%. CDS8. CD8%

Entry 4.CD4. CD4%. CD8. CD8% (for those subjects with available viral load data)

By examination. several general statements can be made about the results:

I. Any regressions that include viral load as a possible covariate have very small sample sizes.

2 In only a few regression equations are multiple covariates included. Most include only a single
covariate or none at all.

3. For most sets of equations, the univariate TAUC,4 and TAUC,, have as high, or higher. specificity
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than those of the time period surrogate marker responses.

4. In general. the specificities of ritonavir-assigned subjects is superior to those of all subjects

considered together.

5. None of the specificities is superior to those of the univariate equations.

4.8. Interactions

For ritonavir-assigned subjects. several interactions were assessed:

1. Baseline surrogate marker and time point response. peak. TAUC,, and TAUC,, for the same

marker (Tablc 7):

Table 7

Level of Significance of Interactions Between Baseline Surrogate Marker Level
and Week 2 to Week 12, Peak or AUC Responses of the Same Surrogate Marker

TW CD4 CD_-&TA: CD8 CD8% Viral load
Week 2 0.725 0.981 0.592 0.445 0.038
Week 4 0.860 0.703 0.519 0.703 0.350
Wecek 8 0.475 0.679 0.775 0.877 0.063
Week 12 0.212 0.921 0.051 0.494 0.899
Peak 0.965 0.641 0.186 0.972 0.043
TAUC,, 0.216 0.420 0.018 0.008 0.182
TAUC, 0.130 0.212 0.893 0.445 0.152

(baseline surrogate markers on horizontal axis: in bold are interaction terms with p value < 0.03)

2. Baseline CD4. CD4%. CD8 and CD8% with baseline viral load (Table 8).

Table 8

Interactions Between Baseline Viral Load
and Baseline CD4, CD4%, CD8 and CD8%

Viral Load

CD4
0.135

CD4%

0.160

CD3

CD8% I

0.350

0.071

-48-



[n summary, there is variable interaction between surrogate marker response and baseline surrogate
marker level for persons assigned ritonavir. This does not effect the CD4 cell count and CD4%. and
only the earliest viral load response. There is no significant interaction between baseline viral load and
any other baseline measure, although there is borderline statistical significance of the interaction

between baseline viral load and baseline CD8%.

4.9. Question 1

How do the TAUC and peak changes compare with each other. and with time point surrogate marker

changes. in terms of association with clinical outcome?

Ritonavir-Assign 1bj
All surrogate marker responses with their 95% confidence intervals are illustrated in Table 9 (page
50). All ume point. peak and TAUC parameters were considered to determine which surrogate marker
change. for research purposes. has the greatest specificity. The highest specificity is that of the
TAUC,, for the CD4%: specificity = 69.63% (95% CI 65.38. 73.88). There is overlap of the 95% CI
with those of the week 16 CD4. CD4%. CD8 and CD8% responses. and with the baseline viral load.
Based on these results, for persons assigned ritonavir, the 16 week TAUC of the CD4% is most
strongly associated clinical response: the responses of the CD4. CD4% and CD8 increase over time

and by week 16 approach the same specificity.

Pl -Assign
The only surrogate marker response associated. to a significant degree. with clinical outcome is the
baseline CD4 (specificity = 43.34%: Table 10. page 51). This specificity is inferior to most of those

for subjects assigned ritonavir.

All Subjects
For all subjects (Table 11, page 51), the AUCs are clearly superior. with the TAUC ; for CD8% and

TAUC,, for CD8 and CD4% having the highest specificities, with overlapping confidence intervals.
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Comparison of Specificities and their 95% Confidence [ntervals
in Subjects Assigned Ritonavir

CD4 | 95°%Cl | cD4% | 95%cCI | cD8 | 95%cCl J cD8% | 95%CI Viral Load | 95%CI

Baseline || 46.00 41.60 47.86 43.37 3600 | 31.69 3149 2731 58.21 47.53
50.40 4027 | ) 3567 68.89

week2 |t 3970 | 3502 | 3275 o | osuse | a3z | oanss | etae | so0o
4430 F | 40388 S ¢ X | nn

Week 4 || 5040 | 4568 | w07 | sase [i3sae Caer0 | azes |28 4545 33.62
55.16 LER I A e 71 7 3749 . 5728

Week 8 || 55.90 51.16 50.00 45.15 4540 | 4055 | 3343 2886 | 4643 34.75
60.64 54.85 5023 | 38.00 58.11

Week 12 || 55.00 50.08 54.97 49.98 5030 | 4528 | 3882 | 3384 26.00 1834
59.96 59.96 5534 | 43T 36.66

Week 16 || 61.20 56.32 63.61 £8.69 6190 | 5692 64.24 59.34 23.08 1299
66.14 68.53 66.8% 69.14 317

Peak 51.90 4741 297 38.45 4870 | 4415 32.03 21.77 40.68 29.49
56.35 47.49 53.25 36.29 51.87

TAUC,, 56.70 52.19 69.63 65.38 62.10 $7.63 54.66 50.06 1197 68.53
61.17 73.88% § 66.59 59.26 87.41

TAUC,, || 58.50 54.09 $7.05 52.49 59.30 54.76 3212 27.82 61.02 4991
62.99 61.61 63.80 36.42 72.13

* shaded cclls are of surrogate marker responses whose model * did not reach statistical significance (p-0.03)
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Comparison of Specificities and 95% Confidence Interval
For Subjects Assigned Placebo

CD4 CD4% 95% ClI CD8 95%C I CD8% 95% ClI
Baseline 43.34 atos | 3es 2965
1 a023 ) ek
Peak 4685 | 1906 | s1a2 | 3se
so22 | 1 e6.52
Tatc, || ss4 | s076 | 6000 | asg2
61.78 | s
TAUC, s2so | o4r03 | ososz | aars | s | oasaz | seor | star | ocooo | ass
5797 |} sseo | 5132 6241 7518

Comparison of Specificities and 95% Confidence Interval
For All Subjects

cD4__f 9s%ct ] cpase | 9seact ] cpg | 9seact | cDgee | 9svact | v [oseec |
Baseline 4500 | 4197 | 4739 | s | 4465 | 4198 | 3300 | 2998 § 2046 | 201
48.25 50.60 17.82 36.02 3790
Peak 45.77 42.60 48.20 44.96 49.64 46.40 33.38 30.32 32.00 22.86
48.94 S144 52.88 36.44 AL14
TALC,, 5126 | 4804 | s396 | sose | s093 | 4765 | sss2 | ssso | 3eso | 2120
54.48 57.28 5421 62.05 L 3931
TAUC,, s0.00 | 4678 | ss78 | s2s1 5837 | ssas | 3902 | 3583 | asas | 3569
53.22 59.05 61.60 4221 55.21
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Conclusions

For subjects assigned to the active therapy in this study, after adjustment for baseline variables. the
univariate analyses produced markers with higher specificity and encompassed more of the study
population than any of the multivariate analyses. There was no consistent interaction between bascline

and other surrogate marker measures.

The surrogate marker response with the highest specificity is the CD4% TAUC,;. This is approached
by the specificities of the CD4. CD4%, CD8 and CD8% at week 16. and by the baseline viral load.
In general. the 16 and 40 week TAUCs are as good as or better than the time period surrogate marker
responses to week 12, and are superior to the peak responses. These analysis are limited by the small

sample size of those with viral load measures.

For placebo-assigned subjects and all subjects considered together. the time period markers were not
asscssed. For all subjects. the TAUCs are of higher specificity than the baseline and peak responses.
For placebo-assigned subjects. only the baseline CD4 was associated with the development of

endpoints.
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4.10. Question 2
What time period of which surrogate marker is most highly associated with the clinical outcome?

Clinical practice requires “real time™ assessment of surrogate marker responses: in other words, we
need to know what degree of change in a surrogate marker at a specific time point (in response to the
initiation of therapy) is most associated with protection from the development of opportunistic illness
in a specified period of time (in this case, 40 weeks)? As such. the peak response (which can only be
determined retrospectively. once all the data points are available) cannot be used in clinical
management. As well. the TAUC:s are determined retrospectively. and by their very nature, would not
be amenable to use in clinical practice. Therefore. the peak responses and TAUCs were not considered.
In addition, both Canadian and American guidelines suggest reassessment of the patient within 12
weeks of initiation of therapy. and the standard of clinical care is to see patient quarterly. As such. the
Week 16 response was excluded from consideration as the best surrogate marker response for clinical

use. This leaves the Week 2 to 12 responses for the ritonavir-assigned subjects (Table 12).

Specificities and 95% Confidence Intervals
of Clinically Useful Surrogate Marker Responses

CD4 95% Cl CD4% | 95°CI CD8 95% Cl CD8% | 95°2Cl Viral Load 959 Cl q

o=,

wek2 || 3966 [3s02 | 3275 fasaz faems fauss | a2sz |smmss | oerao 5000
a3 | fwas | less | I T2
Week4 | 5042 [ 4568 | o7t [4ass | asa2 [3a70 fa2es e [asas | mer
$5.16 sass | 4 o e ) 5728
Week 8 || 5590 | Si.16 5000 | 45.15 4539 | 40.55 3:1_.;43:3.;; 23}&85»5 CHaeas ,3134.7&:
60.6+4 54.85 sos § 0 |amoe L 811
Week 12 f} 55.02 | 50.08 5497 | 49.98 5031 | 45.28 1882 | 3398 | 2600 1534
59.96 59.96 55.34 den b - 3666

The specificities of the CD4 and CD4% are consistently superior to those of the CD8 and CD8%.
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Although the confidence intervals are wide and overlap with many others. the highest specificities are
seen with the week 8 and 12 CD4 responses, and week 12 CD4%. Overall, for clinical assessment. the

best surrogate marker is the Week 8 CD4 response (specificity = 35.90%. 95% CI 51.16-60.64).

4.11. Question 3
What is the diagnostic performance of the clinical and overall surrogate marker responses of greatest

specificity?

Clinical
For the clinical surrogate marker response of greatest specificity (week 8 CD4 response, 55.90%). the
logistic regression equation is as follows:

B =-1.6894 - 0.0099*(Wk8 CD4) + 0.6155*(past major OI) - 0.1343 (present RTI use)
where
wk8 CD4 = CD4 at week 8 - Baseline CD4
past major OI: 0 = no past OI 1 = past Ol

Present RTI use: 0 = no present RTI use | = present RTI use

The odds ratio. positive and negative predictive values. and positive and negative likelihood ratios were

calculated (Tables 13. 14. 13a. 5b. page 55).
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Odds Ratio for Illness with Changes in Week 8 CD4 Response
in Subjects Assigned Ritonavir

Increase - 10

Increase - 25

Increase - 50

Increase - 100

IIOddsRaﬁo

091

0.78

0.61

0.37

Table 14
Positive and Negative Predictive Values for Week 8 CD4 Changes
in Subjects Assigned Ritonavir*
increase - 10 | increase ;-25 increase - 50 | increase - 100
PPV 25.0 227 18.8 16.5
NPV 91.3 92.9 94.1 93.1

PPV = positive predictive value NPV = negative predictive value

¥ pre-test probability of Ol for those assigned ritonavir = 16.3%

Table 15
Positive and Negative Likelihood Ratios for Week 8 CD4 Changes
in Subjects Assigned Ritonavir
.
increasc .. 10 increase - 25 increase - 50 | increase -. 100
+LHR 1.89 1.66 1.38 1.12
-LHR 0.54 0.44 0.36 0.42

+LHR = likelihood ratio for a positive test

-LHR = likelihood ratio for a negative test

Positive and Negative Likelihood Ratios for Week 8 CD4 Changes
in Subjects Assigned Ritonavir

increase = 10

J

increase : 25

increase - 50

0.59 0.43 0.35

increase - 100 II

0.42

1.81

1.68

1.40

1.12

+LHR = likelihood ratio for a positive test
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Overall
The best surrogate marker response overall is that of the 16 week TAUC. which has a specificity of

69.63%:

g(x) =-2.2930 - 0.0866*(CD4%TAUC ) + 0.07306* (Past Major OI) - 0.33 13*(Present RTI use)
where

CD4%TAUC,, = time-averaged CD4% change per week over the first 16 weeks (in CD4%)

past major Ol 0 = no past OI | = past Ol

Present RTI use: 0 = no present RTI use | = present RTI use

The odds ratio. positive and negative predictive values. and positive and negative likelihood ratios were

calculated (Tables 16. 17, [8a. 18b. page 57).
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Table 16

Odds Ratio for Illness with Changes in TAUC
in Subjects Assigned Ritonavir

Increase 100%

Increase 250%

Increase 500% " Increase 750%

Qdds Ratio

0.92

0.81

0.65

os

Table 17
Positive and Negative Predictive Values for TAUC
in Subjects Assigned Ritonavir*
increase -. 1.0 increase - 2.5 increase - 3.0 increase - 7.5
PPV 570 79.7 96.2 98.7
NPV 594 314 11.9 4.1

PPV = positive predictive value NPV = negative predictive value

* pre-test probability of OI for those assigned ritonavir = 16.3%

Table 18¢
Positive and Negative Likelihood Ratios for TAUC
in Subjects Assigned Ritonavir
increase = 1.0 increa; ;;25 increase - 5.0 incrcase - 7.5
+LHR 1.40 1.16 1.09 1.03
-LHR 0.72 0.65 0.32 0.32

+LHR = likelihood ratio for a positive test

Table 18b

-LHR = likelihood ratio for a negative test

Positive and Negative Likelihood Ratios for TAUC,,

'—TLTncrease = 1.0

increase > 2.5

0.64

in Subjects Assigned Ritonavir

increase - 3.0

increase - 7.5

0.33

0.33

l +LHR " 0.71

" -LHR || 140 1.17 L11

1.03

+LHR = likelihood ratio for a positive test -LHR = likelihood ratio for a negative test
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Receiver O ine Cl stic O
ROC curves were prepared for the time period (Week 8 CD4) and peak/TAUC surrogate marker
(CD4% TAUCs) responses of greatest specificity, for those assigned ritonavir (Figure 5). In
summary. the ROC curve for the Week 8 CD4 response is clearly superior to that of the CD4%
T AUCs. although neither demonstrates adequate performance for that surrogate marker response.

Figure 5

Receiver Operating Characteristics Curves
for Week 8 CD4 Response and CD4% AUC146
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Discussion

The correlation between surrogate marker response and clinical outcome is pivotal in the analysis of
clinical trials in HIV. as well as many other illnesses. This has been examined. to an extent. in the
literature. but mostly with older drugs (not protease inhibitors) and with peak or single time point
responses examined. Interestingly, the Health Protection Branch (HPB) of Health Canada assesses
surrogate marker responses as the time-averaged area under the curve . as does the American Food and
Drug Agency (FDA). There is no formal assessment of this method of surrogate marker analysis in

the literature.

The Abbott study M94-247 was the first study of single antiretroviral medication to demonstrate a
survival advantage in some ten vears. The study of over 1000 HIV-infected persons provides a great
deal of surrogate marker and disease progression data. but is limited by the relative paucity of the viral
load data (157 subjects). As well. the addition of a single drug to a therapeutic regimen. as was

performed in this study, is longer considered the standard of care.

In general. the results demonstrate a greater validity of CD4 and CD4% as surrogate markers, as many
of the other logistic regression equations for the surrogate marker changes from the CDS. and
especially CD8% and viral load. are not of statistical significance. The specificity of surrogate marker
changes increases with increasing time from treatment initiation. The peak surrogate marker responses
perform poorly, whereas the TAUC,; and TAUC,, seem equivalent to, or superior to the time period
surrogate marker changes. The surrogate marker change of greatest specificity was the CD4% TAUC
for the ritonavir-assigned subjects (69.63%). For subjects assigned placebo, the only surrogate marker

to achieve statistical significance was the baseline CD4.

[n no case was multivaniate analysis of superior specificity to univariate analyses. and few significant

interactions were found. The ROC curves confirm the rather poor performance of any of the surrogate
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marker changes. As well, the odds ratios, the positive and negative predictive values, and the positive

and negative likelihood ratios for the development of illness fell within a rather narrow range.

Presented below is further discussion of the methodology and the results.

5.1 Outcome Variable

The outcome variable of interest was chosen to be the occurrence of opportunistic illness. Other
options would have included death. and the combined endpoint of opportunistic infection and death.
Certainly. the occurrence of opportunistic infections in this study is a reasonable endpoint, as these
were monitored by blinded external reviewers and required the fulfillment of standardized criteria for
acceptance. As well, by definition, the occurrence of opportunistic illnesses is related to the presence
of HIV-related immune deficiency: the reduction in this endpoint by the activity of an antiretroviral
medication is biologically plausible. The occurrence of an Ol may lead to significant morbidity and
many are lethal: therefore. this endpoint is clinically reasonable. However, not all opportunistic
illnesses are of equal severity. and some (esophageal candidiasis. limited cutancous Kaposi's Sarcoma)
are rather minor. easily induced (by discontinuation of secondary prophylaxis in the case of esophageal
candidiasis) and easily treated. This allows for the manipulation of study endpoints in order to gain

access to the study drug.

Death. as an endpoint. has several advantages. It is well-defined and obvious. It was relatively common
in this study. having occurred in 60 subjects (without a prior opportunistic illness during the study)
by week 40. It can occur in the absence of defined opportunistic illness but still be related to HIV (such
as with HIV cardiomyopathy. or as a resuit of an illness whose treatment or natural history is altered
by HIV. such as mental illness). If there are potentially lethal side effects of therapy. death as an
endpoint may offer a more balanced assessment of drug usefulness. However, death may be unrelated
to HIV infection or the degree of immune deficiency; it may be accidental. or the result. for instance.

of unrelated medical problem or suicide.
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The combined endpoint of death or opportunistic illness is commonly used as an endpoint. The pros
and cons are as discussed above. There is the additional benefit of increased number of endpoints.
There are concerns as to the inequality of the clinical illnesses possible with this endpoint. As well. the
use of the combined endpoint would be clinically meaningful: physicians. with their prescribed
therapies. try to keep patients alive longer and free of illness. However, there is a large difference
between death and the occurrence of esophageal candidiasis, which may cause two or three days’
worth of discomfort. In addition, death may not be related to HIV or the level of immune dysfunction.

There remains, as well, the possibility of manipulation of the endpoints by medication discontinuation.

Because of the comparatively small number of deaths in this study and the possibility that some could
be unrelated to HIV, death as the primary outcome was rejected. The potential large inequality of
endpoint severity and the possibility that some deaths were unrelated to HIV or ritonavir was
responsible for the rejection of the combined endpoint of death or opportunistic illness. The
development of opportunistic iliness was chosen not only by exclusion, however: it was felt that this

would best reflect ritonavir’s anti-HIV activity, and was clinical relevant and meaningful.

It was decided to look primarily at those assigned active therapy, with the placebo-assigned subjects
and the entire cohort as secondary analyses to assess generalizability of results. Examination of
placebo-assigned subjects would look at those on stable therapy. as well as those changing RTI
therapy after 16 weeks. Analysis of surrogate marker responses among those assigned to therapy
would be relevant to clinical decision making in the context of initiation of therapy. It would allow for
determination of at what time point measurement of which surrogate marker would be most associated
with clinical benefit of the initiated therapy. However. analysis of the responses of the entire cohort
and placebo subjects may be more generalizable, and may offer insights into disease pathogenesis. For
all subjects, is a 50 cells/uL. CD4 increase associated with clinical outcome? Is this less predictive than
for those assigned to therapy, implying that random fluctuations are less important clinically than

treatment-induced CD4 (or other surrogate marker) changes?
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It was decided to examine the relationship between absolute surrogate marker change (as opposed to
percent change) from baseline and opportunistic illness. The risk for opportunistic illness is certainly
greatest with extremely low CD4 cell counts: the median CD4 cell count for many opportunistic
illnesses. or death is less than twenty'. As such, a twenty cell CD4 rise from this range may be of
relatively greater clinical benefit than an identical rise from a CD4 cell count of 100. There are equal
or greater difficulties with the use of percentage increases. There may be a discrepancy between the
clinical benefit of a 50% CD4 cell rise from a baseline of 2 cells/uL as compared to the same
proportional increase from a baseline of 30 cells/uL. There are also practical difficulties. Baseline
surrogate marker values of zero are present in the database: for instance. ten subjects had a baseline
CD4 cell count of zero. It would be impossible to calculate a percent change from zero. As a result.

absolute surrogate marker changes were used.

5.2. Baseline Variables
Baseline variables were chosen for consideration of inclusion into the model based on the scientific
plausibility of their association with the outcome of opportunistic illness. particularly if there was

epidemiologic or clinical trials evidence otherwise of such a relationship.

Past nistic Infection
In the case of past major or minor opportunistic infections, these (and particularly the former) likely
indicate more advanced immune deficiency, with a lower CD4 cell count and possibly increased viral
load. These are demonstrated risk factors for the further occurrence of opportunistic illnesses” . HIV-
related opportunistic infections are more common in those with oral candidiasis”™. oral hairy
leukoplakia™. and herpes zoster™”. Second episodes of opportunistic infections are more common
after the first: the six month risk of Preumocystis carinii pneumonia (PCP) for those with a CD4 cell
count of <200 cells/uL and no history of Ol was 8.4% in a large study of 1665 HIV-infected

homosexual men’'. whereas the annual risk was 65% for those with a single past episode’”.
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The frequency of past major OI in the placebo and ritonavir groups was 61.3% and 67.1%,
respectively (x™=1.344 with df=1; p = 0.246). In our analysis. the past history of major opportunistic
illness (which occurred in 69.7% of evaluable subjects) was found to be the baseline variable most
strongly associated with the endpoint. The OR of 1.4741 for all subjects. and 2.0705 for those
assigned to ritonavir (where the endpoint is that of the development of an opportunistic illness)
suggests that the past history of major opportunistic illness is, in fact, associated with a greater risk
of developing an endpoint in this study. This is consistent with other studies, and may prompt the
treating physician to treat with more aggressive antiretroviral regimens, and to provide approprate and
effective prophylactic measures for opportunistic infections (trimethoprim-sulfamethoxazole for PCP

prophylaxis. vaccination for influenza and pneumococcal pneumonia. etc).

Why does the past history of major Ol increase the risk for further OI? The occurrence of an Ol may
be a marker for a low CD4 cell count, which is the greatest risk factor for further Ols. In this study.
the mean CD4 cell count + SD for those without past Ol and those with past Ol was 39.47 + 30.10
and 26.29 + 25.02. respectively (F = 50.238. p < 0.001). As well. Ols are more common with higher
viral loads: in this study. the baseline viral load of those with a past major Ol was not significantly

higher than those without (5.18 vs 5.26 log,, copies/mL. F = 0.523. p = 0.471).

The lack of association between minor opportunistic illness and development of clinical endpoints in
this study is not surprising in spite of the association demonstrated in other studies. Those enrolled in
this study had advanced HIV. with a CD4 count below 100. It is to be expected that most subjects had
previously suffered a minor opportunistic illness: in fact, 900 of 1000 evaluable subjects in this study
had previously had a minor Ol. Therefore, the frequency of this occurrence would render it poorly

discriminatory with regards to future illness.

Reverse Transcriptase Inhibitor Use

Present RT1 use is likely of importance in terms of the magnitude and duration of virologic and clinical
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response to ritonavir. There is ample evidence that reverse transcriptase inhibitor monotherapy is
superior to placebo in terms of prevention of HIV-related illness or death'?, and that up front double
therapy is superior to monotherapy'*’®. The virologic and immunologic benefit of protease inhibitors
is prolonged with concomitant effective RTI therapy”’: in this context. it is likely that any beneficial
effect of the study drug would be muitiplied if there was concurrent effective RTI therapy, and blunted

if ineffective (monotherapy) or no therapy was used.

In this study. the present use of any RTI was of borderline statistical significance for all subjects, as
well as those assigned to ritonavir. The odds ratio of 0.9453 for all subjects, and 0.6510 for those
assigned ritonavir, suggests that the concomitant use of any RTI(s) in this study is associated with a
reduced likelihood of the subsequent development of Ols. The lower odds ratio for those assigned to
ritonavir suggests that there may be synergy between these drugs. Ongoing RTI use is more protective
from opportunistic illnesses when used with ritonavir; this is in keeping with clinical trials evidence
of improved degree and durability of antiretroviral response of protease inhibitor-RTI combinations
than RTIs alone. The present standard of care is the use of two RTIs with one or two protease

inhibitors.

A Reverse Transeri Inhibitor
In this study. the addition of reverse transcriptase inhibitors before 16 weeks or at any time to 40
weeks was not associated with the development of clinical endpoints. Past studies have assessed the
effect of the addition of a single RTI to ongoing RTI therapy (as opposed to up front double RTI
therapy in treatment-naive persons, as described above). A large CPCRA study” documented no
survival benefit with the addition of didanosine or zalcitabine to ongoing zidovudine therapy in persons
with advanced HIV and a past history of zidovudine use. The reasons for this are likely several.
Concemns would include cross-resistance between RTTs, such that virologic resistance to one would
be associated with poor response to another. As well. the addition of a single RTI to failing

antiretroviral therapy (in which the first RTI is de facto not present, because of the development of
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viral resistance) is akin to monotherapy: the use of a single drug. This is of limited and transient
virologic and immunologic benefit and would not likely have significant effects on morbidity or
mortality. In light of the above, and with knowledge that the study subjects had advanced HIV and
were therefore likely to have received many RTIs in the past (and therefore have highly resistant viral
strains. or not have the opportunity to add two new RTIs. which is likely superior to adding onlv one),
it 1s not surprising that RT1 addition was not of any clinical benefit. Present guidelines do not suggest

the addition of single RTIs to a failing regimen.

Age
Age has been found to be a predictor of survival in HIV?, with those of increased age at the time of
initial HIV infection having a reduced survival. It is thought that this may be related to reduced CD4
proliferative capacity in those with increased age, as a resuit of reduced chromosomal telomere length:
this would lead to a more rapid rate of CD4 decline and therefore carlier development of Ols.
However. as expected. age was not associated with outcome in this cohort. as the patients have already
progressed to the advanced stages of HIV infection and are at high risk for illness: the rate of further

decline of immune function would be of little importance.

It may be that the replicative capacity of CD4 cells is reduced with increased age: even though the
virologic effect of ritonavir may not change with age, the CD4 cell increase may be blunted in older
individuals. This has not been addressed in previous studies. There is no such association in this study.
as. for those assigned ritonavir, there was no correlation between maximal CD4 increase and age with

either 16 weeks r = 0.036. p = 0.42) or 40 weeks r = 0.04, p =0.80).

Baselin riables Not T : mpli
[mportant variables which may be significantly associated with clinical outcome are the SI/NSI HIV

phenotype. and medication compliance. The former is an in vitro phenomenon in which HIV with the

SI phenotype causes the fusion of mononuclear cells. How this viral phenotype exerts its influence in
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vivo is unknown. but its presence has been consistently associated with increased progression to AIDS

and death in clinical studies® . HIV phenotyping was not available from the study sponsor.

Compliance with antiretroviral therapy has been correlated with virologic and immunologic response.
and survival®. This is likely more important for protease inhibitors. like ritonavir, than reverse
transcriptase inhibitors, like AZT. because of the shorter plasma and intracellular half-life of the
former. Reduced compliance would lead to lower drug levels. which would predispose the patient
towards the development of resistance and therefore loss of effect. Unfortunately, compliance data was

not available from the study sponsor.

5.3. Covariates

5.3.1. Statistical Issues
The covariates examined. the CD4. CD4%. CD8. CD8% and viral load. arc standard measures in
clinical practice. Prior to the development of viral load testing. other commonly used tests would have
included the p24 antigen. serum neopterin, and B2-microglobin. These markers were not measured in

this study.

CD4 and CD8 cell counts are provided through direct measurement. which. along with other T
lymphocytes, provides the total lvmphocyte count. It is from this that the CD4% and CD8% are
calculated. The correlation between baseline CD4 and CD4% is high (Spearman’s coefficient: 0.757.
p < 0.001); the correlation is much lower between CD4% and the baseline CD4 divided by the sum
of baseline CD4 and CD8 (Spearman’s coefficient:0.069. p = 0.029). This suggests that the CD4%
is not merely a transformed version of the CD4, and is amenable to statistical analysis in its own right.
The same is true of the CD8%. In spite of these degrees of relatedness between the CD4 or CD8 and
the corresponding percent. significant statistical collinearity was not seen with the multivariate

analyses. Nonetheless, clinical experience demonstrates that the CD4 and CD4% move together in
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response to treatment, as do the CD8 and CD8%: they are clinically collinear.

The 16 week TAUC was studied to look at the response to the study drug alone. In this time period.
study subjects were not to have altered antiretroviral therapy (although some did); therefore, the TAUC
should model for slope, magnitude and duration of surrogate marker change in response to assigned
therapy. The TAUC for the entire 40 week period of observation was calculated to look at the response
to the therapeutic approach (be that through the addition of therapy or not. both before and after the
16 week cutoff). The 40 week TAUC should assess the clinical response to surrogate marker changes
in general. be they related to antiretroviral therapy, random changes in surrogate marker levels. or

otherwise.

It had been intended to evaluate the association of Tmax (time to peak surrogate marker response) and
Tmin (time to return to baseline of surrogate marker response) with clinical endpoint in this study.
However. this could not be performed in this analysis because of the variability of individual surrogate
marker response curves. There is a large amount of biologic and measurement variability of both viral
load™ and CD4 cell count™. As a result. there are often decreases in immunologic markers (or
increases in viral load) early in the study. even among those assigned to the ritonavir arm. This leaves

the potential for:

1. Retumn to baseline (or decrease below baseline) at the first point of follow-up.

2. Return to baseline before (and therefore precluding) peak response.

Because of the perceived inappropriateness of the data for this type of analysis. the variables of Tmax

and Tmin were not evaluated.

It would be expected that many of the covariates would not be normally distributed. For instance. the

rate of CD4 decline is rapid with CD4 cell counts below 400, and death does not invariably occur
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quickly once the CD4 count approaches zero. As such, in this study of patients with advanced HIV,
the distribution of baseline CD4 measures are skewed towards zero. As well, the distribution of the
CD4 cell count changes after baseline for all subjects, including the peak/AUC parameters, would not
be expected to be normally distributed. as they represent two distinct populations: those assigned to
ritonavir. and those assigned placebo. As expected, graphing of the covariate values suggested a lack
of normality for most variables (data not shown). Further exploration of the surrogate marker data
suggested non-normality (p < 0.05 with Kolmogorov-Smirmov One-Sample Test) of a large number
of the variables. However. normality of distribution is not required for the performance of logistic

regression. as no assumptions are made about the distributions of covariates with this technique.

The final important point regarding the covariates is that of sample size. Although 1090 subjects were
randomized into the study. only 159 were to have had viral loads measured (although a total of 170
actually have baseline measures). Of these. 86 were subjects assigned ritonavir. and 135 developed an
Ol during the study period. This small sample size greatly limits the power of analyses involving the
viral load. The small number having viral load measures likely reflects the carly stage of this

technology at the time of study initiation. and its expense (>$100.00 per test).

The sample size and number of outcomes otherwise are large. and the power was likely adequate to
determine whether associations between the surrogate marker response and outcome were present. This
study remains one of the largest HIV therapy trials to date. and the number of outcomes among the

highest.

5.3.2. Results

Univari | Adiusted Iysi
Comparison of specificities derived from adjusted and unadjusted analyses reveals several trends.

There is no consistent effect of the baseline variables on the specificity of the CD4 or viral load

-68-



response for either the entire study population or those assigned to ritonavir. However, there is a
generally negative effect of the baseline variables on the time period surrogate marker changes.

especially the CD8 and CD8%, which, without adjustment, are highly specific.

The effect of the two baseline variables on the surrogate marker responses could be complex. As
previously described. the past occurrence of a major opportunistic illness has a well described
association with further clinical illness: as well. it might be associated with a reduced baseline CD4
count or increased viral load. and therefore perhaps a reduced magnitude or duration of antiretroviral
response”. The ongoing use of RTI therapy might be expected to increase the magnitude or durability
of therapy. and be therefore reduce the development of illness”. This would likely incur a positive bias:
it would increase the specificity. Alternatively, RTIs are, to an extent, myelotoxic®'; that is. they may
suppress the bone marrow. This may lead to a reduced potential for appropriate CD4 response to
therapy. or may lead to other conditions (such as neutropenia) that predispose to opportunistic illness.
They may render other medications less tolerable: a subject may be less able to take specific
opportunistic infection prophylaxis (such as trimethoprim-sulfamethoxazole for the prevention of
Pneumocystis carinii pneumonia) while taking RTIs. and therefore be more susceptible to
opportunistic infection. The effect of these on surrogate marker responses may differ from marker to

marker.

Examination of the LLR)" demonstrates that many of the covariates are not associated with the
outcome of opportunistic illness to a statistically significant degree. The LLRy" represents the
difference in log-likelihoods between models with and without the covariate of interest. This is

represented as:

G =-2 In ;(likelih vith i
" (likelihood with the variable)

Under the hypothesis that the covariate of interest is equal to zero. the test statistic G will follow a chi
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square distribution with one degree of freedom. As such, a non-significant model x* indicates that the
covariate does not explain significantly more of the variability of the dependent variable than the

equation without that same covarniate.

Baseline Surr Marker Val
For all subjects considered together, the baseline viral load was not significantly associated with the
endpoint of clinical illness. This held true for those assigned to receive placebo as well. This is in
contrast to studies that have demonstrated that both CD4 and viral load are associated with risk of
illness: lower baseline CD4 cell count and increased viral load are associated with an increased risk
of illness in a cohort. and the risk of illness increases with higher viral loads for any CD4 cell count

range.

For those assigned to reccive ritonavir, higher baseline viral loads were associated with a significant
increasc in the risk of illness development. Very large increases in risk of illness are seen with
increasing baseline viral loads above the lowest value in this study cohort (Table 19):

T 19

Odds Ratio for lliness with Increasing Baseline Viral Loads

in Subjects Assigned Ritonavir

|| L s0500g, | le.OIog,(, »2.0 log,

" Baseline " 2.28 5.21 27.10

This may be explained by the association between higher viral loads and lesser degrees of viral load
suppression. In this study, those with higher baseline viral loads had significantly higher nadir viral
loads (r = 0.457. p <0.001). Other studies® have demonstrated a strong association between nadir
viral load and duration of suppression. Therefore, those in this study with higher viral loads pre-
treatment may have responded to ritonavir for a shorter period: this may have led to a shorter duration

of clinical benefit and therefore higher risk of illness.
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lime Period Surrogate Marker Changes

A large number of covariates are not significantly associated with the endpoint of clinical illness. For
those assigned ritonavir, this is particularly true of CD8% and viral load. Baseline and time period
changes in viral load have been associated with the development of clinical iilness in many other
studies: in this one. the analysis may be hindered by the small number of subjects. A more sensitive
technique. like Cox Proportional Hazards Modeling, may be necessary to assess this properly. There
is no published data of the utility of CD8% measures in prognostication in HIV: as the sample size is
large, it is likely that little true association between the level of change in CD8% and clinical outcome

eXIStS.

For all the adjusted variables. the weck 2 surrogate marker responses were not significantly associated
with the outcome. It is evident that there is a very strong monotonic linear trend towards increased
specificity for all the surrogate markers, except for the viral load. with increasing time after study
initiation. In three of four surrogate markers. this is more prominent for those assigned to ritonavir.
This trend may be the result of selection bias: those with poor surrogate marker responses but who did
not to become ill may have been lost to follow-up (as specificity = true negatives + (true negatives +
false positives). where true negatives are those classified as not to become ill and do not. and false
positives are those classified as likely to become ill (because of poor surrogate marker response) but
who do not. In other words. those with poor viral load or CD4 responses may have been preferentially

lost to follow-up.

It should be noted that, to some extent, the time points chosen for immunologic and viral load
monitoring are arbitrary: there is no biologic reason why these should be measured at two weeks as
opposed to three. for instance. However, measurements at four. eight or twelve weeks have become,
to an extent, the standard of care™'. It may be that measurement of the specificity of surrogate marker
responses at other time points may yield significantly different specificities; however, the consistent

monotonicity of the surrogate marker specificities suggests that this is unlikely.
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Time period surrogate marker responses (week 2 to week 16) for placebo assigned subjects are of little
relevance for this study, as they do not represent time points after initiation of therapy: rather, they are
time points after which they were entered into a study without any significant change in their clinical
management. Therefore, time period surrogate marker responses were not assessed. For those assigned
placebo, there was no significant association between the development of clinical illness and peak.
TAUC,; or TAUC,, for any of the surrogate markers. The only covariate associated with the outcome

was the baseline CD4 cell count. Several comments about these findings should be made:

I. The bascline CD4 has been associated with the development of clinical illness in a number of
previous studics of both the natural history of HIV and the response to treatment. However., the viral
load has been associated with the development of illness in many studies as well: it may be that the

sample size is too small for this association to reach statistical significance.

2. The lack of significance of the peak or TAUC surrogate markers implies that short term changes
in surrogate marker levels unassociated with new therapies are not associated with changing risk for

opportunistic illness.

Assessment of the entire cohort increases the sample size, but. as assessment of the placebo subjects
mostly vielded non-significant results. would be expected to reduce the specificity of most of the
results. Comparison of the ritonavir-assigned subjects to all subjects reveals an inconsistent
relationship between corresponding surrogate marker responses. Surprisingly. the CD4% TAUC16
is dramatically lower for all subjects than the ritonavir-assigned ones. and the TAUCs. for the most

part. are reduced in specificity.

The improved performance of the CD4 in those assigned to ritonavir. as compared to placebo or all
subjects. may have several explanations. Most importantly, fluctuations of the CD4 or CD4% in the

absence of effective treatment may be of little clinical significance and therefore not alter the
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specificity. As documented elsewhere™*, there is significant biologic and measurement-related
variability of the CD4 cell count. The use of a potent antiretroviral, like ritonavir, may reduce that
variability and make evident a relationship previously insignificant. A similar effect may occur with

the viral load.

Peak/A IT Marker Ch : istical Consideration
The TAUC was examined as a possible covariate with the expectation that it would represent a time
modeled varable. talking into account magnitude and duration of surrogate marker change. Both were

calculated with the equation

TAUC=Z@a+b)h

2

where "a” and "b” are the vertical changes in surrogate marker responses at the start and end of a
defined time period. and “h” is the length of the time period. The TAUC used in this study is not a
complete TAUC. as there is no extension of the surrogate marker curve to the end of the time period
of interest. [n a pharmacokinetic analysis. for instance. complete curves are generated to determine (or

extrapolate) peak and trough drug levels. This was not performed in this study.

There is the potential problem of missing data: use of this formula would lead to an inaccurate
calculation of the TAUC. as the missing data point would be counted as a 0" by the SPSS program
[Graph 1. as opposed to the use of the next data point and appropriate adjustment of the “h” [Graph

2]. This is demonstrated graphically in Figure 7 on the following page:
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Illustration of the Correction for Missing Data

Graph 1 Graph 2

CD4 Change
CD4 Change

Week \ Week

Subjects with missing baseline values were excluded from the analysis. as no change from baseline
could be calculated. Otherwise. missing data points were extrapolated as being in the midpoint between
adjacent values. For multiple consecutive missing points. their values were calculated as being on a

straight line between adjacent available data points.

This method of accounting for missing data assumes a constant slope between adjacent known
surrogate marker values. Almost certainly, this is not the case in reality. Bias could have been
introduced with this method. if those with HIV-related illnesses may have missed appointments (and
therefore surrogate marker measurements) because of illness (but before diagnosis). For instance.
Preumocystis carinii pneumonia or Mycobacterium avium complex infection may cause weakness.
fever and anorexia for weeks prior to diagnosis. As well. as these illness may suppress CD4 cell counts
and increase viral loads™, the surrogate marker TAUCs of those with these opportunistic illnesses may

be overestimated by my method. These factors would act to reduce the sensitivity of the response.

As well. this method of missing data estimation may overestimate the TAUCs of those assigned to

placebo. Subjects who became ill (more likely to have been assigned placebo) are more likely to have
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missed outpatient appointments for surrogate marker measurement. as they might have been in hospital
or otherwise unavailable. Again. illness tends to decrease CD4 cell counts and increase the viral load:

the method of adjusting for missing data may overestimate these.

For calculation of the TAUC to the time of an endpoint (or, in this analysis. to the study visit before
endpoint development) when data is missing immediately prior to the pre-endpoint visit. the last
available surrogate marker measure was carried forward to the time pre-endpoint visit. As above. the
increased likelihood of'illness in the placebo group might translate into more missed clinic visits. and
therefore a larger proportion of placebo subjects having this type of data extrapolation performed than
those assigned active therapy. However. as fluctuations in surrogate marker responses can occur in
cither direction. it may be that no consistent over- or underestimation of the TAUCs resulted. As
above. though. cellular responses may be suppressed and viral load increase by opportunistic illness:

therefore. the sensitivity may be overestimated.

Another source of bias might be related to the lack of blinding of surrogate marker responses. Those
subjects with good responses (likely to be randomized to the ritonavir arm) would be expected to be
more compliant with follow-up. as they were receiving a highly active. otherwise unavailable drug.

This would provide a more exact calculation of the TAUC .

In addition to the missing data. there were the problems of different periods of follow-up (as many
study visits were lost to follow-up because of illness. death or non-compliance) and irregular periods
of follow-up (as clinical illness usually occurred between study visits). To adjust for these problems.
a time-averaged TAUC was used to compare the TAUCs of those who did not develop an endpoint as
compared to those who did. the data was censored at the last time point at which surrogate marker data
was available for the former, and at the point of illness for the latter. However. this point of illness may
not be at a study visit: for instance, it may be at day 32, which is four days after the week 4 visit. We

considered the use of an exact analysis, necessitating calculation of the projected TAUC based on that
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of the previous interval. For instance, consider the case of an endpoint occurring four days after the
week 12 visit. The exact analysis would added 4/28 of the TAUC calculated between weeks 8 and 12
to the total TAUC. However, this method of analysis was rejected because of the required amount of
work for the calculations. and the high degree of correlation (Pearson r=0.902, p<0.001 for the CD4
cell count for all subjects) with the so-called truncated analysis. in which calculation of the TAUC was
carried forward only to the study visit immediately preceding the endpoint. As such. the truncated

analysis was carried out.

The use of the time-averaged TAUC adjusted for unequal lengths of follow-up. reducing this tvpe of
bias. However. others were introduced. In particular, the TAUC for those who developed endpoints
is somewhat underestimated, as the entire period of observation is not used because of the truncation.
Assuming that the likelihood of illness is. in fact, related to the magnitude and duration of surrogate
marker response. the lower TAUCs of those who become ill should in fact increase the sensitivity of

the surrogate marker responses.

The ideal study for the proper assessment of PK parameters would have been one in which there was
no provision of open label ritonavir after development of an opportunistic illness. One could therefore
look at the full surrogate marker curves over the 16 or 40 week period. without need for correction for

new drug addition.

Peak and AUC Surrogate Marker Changes: Results
The specificities of peak surrogate marker responses were inferior to corresponding best surrogate
marker time period changes. and all are inferior to the week 8 CD4 changes (although the 95% CI of
the week 8 and peak CD4 responses overlap). Therefore, in this study. there is no benefit of looking

at peak CD4 responses as compared to the standard week 8 or week 12 CD4 responses.

The assessable 16 and 40 week areas under the curve compared favourably with to the time period
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variables. With the exception of the CD8% TAUC,, all exceed the best surrogate marker response
to week 12. The best PK surrogate marker response is the CD4%TAUC  (specificity = 69.63%. 95%
CI 65.83. 73.88): its 95% CI does not overlap with those of the other PK responses or time period
responses. with the exception of the Week 16 responses for CD4. CD4%. CD8 and CD8%. Again, the
week 16 measures may partly reflect loss to follow-up of treatment failures, and therefore are biased

and of limited generalizability.

Multivariate Analvsis

Other studies have demonstrated that the CD4 cell count and viral load may offer independent and
additive value as surrogate markers. For instance. the risk of opportunistic illness or death has been
demonstrated to increase with increasing levels of viral load for a given CD4 cell range™. As such.
multiple logistic regression was carried to determine whether a combination of covariates at any time
point. or a combination of PK parameters, would lead to improved specificity. Concerns could be
raised about the potential for significant statistical collincarity because of the large degree of
correlation between some variables. However, only five of the seventy-two assessed multivariate
models contained more than one covariate, and in none of these was the standard error unusually large.

As such. no problems with collinearity were encountered.

In this study. multivariate analysis entered the significant baseline variables of present RTI use and
past major opportunistic infection. with stepwise regression of the covariates of interest. to determine
if there a combination of variables would lead to significantiy greater specificity than one alone. Only
covariates from a single time period were entered together, as responses of the same surrogate marker
from different time points would not be independent. These analyses were performed with several

patterns of covariates entered:

1. All five surrogate markers entered. This allowed for all potential interactions to be assessed, but was

hindered by the small sample size, due to the small number of subjects that had viral load testing
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performed. Of the study cohort of 1086 subjects. only 170 had a baseline viral load drawn. For those
assigned to ritonavir. only 86 had a baseline viral load. and of these 86, only 13 expericnced an

endpoint.

2. Only CD4, CDR and viral load entered. Again, this was hindered by the small sample size.

3. All surrogate markers except for the viral load. This limits the number of interactions. and precludes
examination for the one of greatest interest (the interaction between CD4 cell count and viral load).

However. the sample size is much larger than for the previous two analyses.

4. All surrogate markers except viral load. but including only the subjects for whom viral load
measures were available. Comparison of these results with those of #3 allowed for evaluation of the

effect of the sample size on this type of analysis.

In analysis one, as described above. only at week 8 among all subjects was more than one variable
included. This. however. vielded a specificity of only 40.00%. Several specificitics among the
ritonavir-assigned subjects were in excess of 30%: the baseline equation incorporates only the viral
load. and as such is identical to the univariate equation. The other two. the week 16 and the TAUC,,

equations. incorporate only one variable and have very small sample sizes.

The situation for the second type of analysis is similar to that described above.

The third type of analysis excludes the viral load and therefore has larger sample sizes. Again. most

of these incorporate a single covariate, usually the CD4. As such. even though the specificities are

hugher than in the previous two. and as high as or exceeding those of the univariate CD4 analyses. this

is likely related to the smaller sample sizes than the univariate analyses and a resulting degree of bias.
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The fourth analysis, similar to number three but using only data from the subjects having had viral
load measures. reveals that the specificities in general decrease with this marked reduction in sample

size. As well. the CD4 is less well represented as a chosen covariate.

Interactions
It is not unexpected that interactions might occur. These were only investigated for subjects assigned
to ritonavir. There has been no published data on the effect of baseline levels of CD4. CD4%. CDS
or CD8% on subsequent treatment-related changes. However. it is reasonable to assume that these
cellular responses will be blunted if there are few CD4 cells left to respond to treatment: whatever
causes the cells to deplete in the first place may also limit their potential for recovery. Having said this.
our clinical experience has been that HIV-infected persons with very low CD4 cell counts may respond

to therapy with increases to 400-600 cells/uL.

As well, higher baseline viral loads might be associated with the more rapid development of resistance
with sub-optimal drug levels. or the pre-existence of drug-resistant HIV quasi-species. These might

limit the magnitude. and especially the duration, of effect of therapy.

No significant intcracticn was detected between baseline CD4 or CD4% with subsequent treatment-
related changes. implying similar degrees of surrogate marker change regardless of baseline CD4 cell
count. The baseline CD8 and CD8% interacted significantly with the corresponding TAUC ,: the
explanation for and clinical significance of this are uncertain. Very carly and peak viral load responses
interacted with the baseline level. and the week 8 interaction approached clinical significance: although
suggestive that many viral load responses will interact with the baseline level. the small sample size

limits the ability to investigate this further.

Assessment of the degree of interaction between baseline viral load and baseline levels of the other

surrogate markers is also limited by the small number of subjects having had viral load determinations
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performed. Three of the interactions have a p value below 0.20, one (CD8%) below 0.10. Nonetheless.

none reach the p value of 0.05.

5.4. Clinical Interpretation

As described above. the increasing specificity over time of the surrogate marker responses is not
unexpected. and is likely related to selection for persistent surrogate marker responses. The other
important finding with regards to clinical utility of these responses is the superiority of the CD4 and
CD4% responses over those of the CD8 and CD8%: unfortunately. the viral load could not be assessed

adequately because of the small numbers that had this done.

For the purposes of clinical management of patients, who would typically be re-asscssed within twelve
weeks of medication initiation, the best surrogate marker responses (in terms of specificity) would be
the week 8 or 12 CD4 response, or week 12 CD4%. There is significant overlap of the 95% confidence

intervals of these responses.

Regarding the best time period. the week 8 CD4 response of those assigned ritonavir has a specificity
of 55.90%. indicating that 55.90% of subjects in this study who were free of opportunistic illness in

the 40 week period were correctly predicted to be free of illness by the cquation:

B =-1.6894 - 0.0099*(Wk8 CD4) + 0.6 155*(past major OI) - 0.1343 (present RTI use)
where

wk8 CD4 = week 8 CD4 response (= CD4 at week 8 - Baseline CD4)

past major OI: 0 = no past OI 1 = past Ol

Present RTI use: 0 = no present RTI use 1 = present RTI use

From this equation, one can develop odds ratios for the likelihood of illness development (compared

to no CD4 change) with incremental changes in CD4 (assuming no past major Ol and no present RTI
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use). Table 13 (page 55) demonstrates that an increase in CD4 cell count of 100 at week 8 is
associated with an odds ratio of 0.37 for the development of illness. as compared to no change in CD4
at that time period. This is in keeping with the expected response to improved CD4 cell counts: they

should be associated with improved immune status and reduced clinical illness.

For the week 8 CD4 change. the coefficient for past major Ol. being positive, indicates that the
presence of a past Ol (coded as 1) is associated with increased risk of Ol in the study period.

whereas the negative coefficient for present RTI use suggests these drugs are protective from illness.

For the weck 8 CD4 response, the positive and negative predictive values for selected changes are
illustrated in Table 14 (page 55). This demonstrates that 22.7% of those with a CD4 increase of less
than or cqual to 25 cells/ul at 8 weeks will experience an opportunistic illness by week 40.
Conversely. 92.9% who have a CD4 increase of greater than 25 cells/uL at week 8 will remain free
of illness in the 40 week time period of this study. Furthermore. the PPV and NPV of CD4 increases
of 225 cells/uL would be 7.1 and 77.3. respectively: this implics that 7.1% of those with a CD4
increase of 25 cells/uL at 8 weeks would become ill in the 40 week period. whereas 77.3% of those
with CD4 increases less than 235 cells/uL would remain free of illness in this time period. These
compare with the pre-test likelihood (or 40 week prevalence) of opportunistic illness of 16.3% for

those assigned ritonavir. and 23.8% fro all subjects.

For clinical purposes. this type of analysis is very useful. With a known surrogate marker change. one
can determine what the likelihood of illness, or freedom from illness. would be within a specific time
frame. It can be seen that the likelihood of illness decreases from 16.3% in 40 weeks to 6.9% if the
CD4 increases 100 cells/uL after cight weeks. However. the NPV and PPV have limitations. They are
highly dependent on the prevalence of the outcome illness: reduced prevalence of the outcome usually
leads to a lower PPV and higher NPV. As well, they are of limited use when the outcome is of low

prevalence, and most likely to significantly change the post-likelihood when the prevalence is 50%. As
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well, these values are of limited generalizability. Being so highly dependent on the prevalence of the
outcome, the values determined in this study would not be relevant to most other populations,
especially with the rapid evolution of HIV treatment. Specificity and sensitivity. and likelihood ratios.

which are calculated vertically, would be less so influenced.

The likelihood ratios for week 8 CD4 changes for those assigned ritonavir are illustrated in Tables 15
a and [5b (page 53). The +LLR of 1.55 for a ritonavir-assigned subject with a week 8 CD4 cell
change of < 0 cells indicates that the risk of illness is increased 1.53 times for those with less than or
equal to 0 cell increase at this time point, compared to a cell count rise greater than this. It is expected
that this likelihood ratio should decrease with increasing degrees of CD4 change. As well. as the
second table indicates. CD4 rises of 0 cells or greater are associated with reduced risk of illness. and

this decreases with greater CD4 cell count changes.

This may be the preferred clinical interpretation of the study results. as the likelihood ratio can be
calculated for many levels of surrogate marker change. and is not dependent upon prevalence of the
outcome: it is generalizable. The problem with their use is the requirement for knowledge of the pre-
test likelihood of a disorder for determination of the absolute risk of illness: the likelihood ratio. when
multiplied by the pre-test odds for a target disorder. yields the post-test odds for the disorder.
Nonetheless. the relative likelihood of illness with surrogate marker changes in itself is valuable

clinically.

Regarding those not assigned to ritonavir in this study, presumably random changes in the surrogate
markers over time are demonstrated to be of little statistical association with the endpoint of
opportunstic illness. More important might be a trend towards increasing viral load or decreasing CD4
cell count on present therapy, which has been demonstrated to predict a poor prognosis®™: the
diversity of therapies, presumably of differing potencies and durations. would preclude examination

of this in this study.
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5.5. Research Interpretation
The equation for the best surrogate marker response of any sort. including those determined

retrospectively. is that of the 16 week TAUC, which has a specificity of 69.63%:

o

9

Ll

f =-2.2930 - 0.0866*(CD4%TAUC16) + 0.07306 (Past Major OI) - 0.33 1 3*(Present RTI
where

CD4%TAUC,; = time-averaged CD4% change per week over the first 16 weeks

past major OI: 0 = no past Ol | = past Ol

Present RTI use: 0 = no present RTI use | = present RTI use

The coefficient for the CD4% TAUC ¢ is negative, implying that CD4% increases are associated with

an decreased odds ratio for illness (Table 16, page 57).

Why might the CD4% TAUC,;; be the best surrogate marker in terms of specificity? The CD4% has
been considered a more stable surrogate marker than the CD4. as the latter (and all lvmphocytes) may
be increased by exercise (but this CD4 increase is transient and of unknown clinical significance). and
reduced by viral or parasitic infections. As all lymphocytes are so affected. the CD4% should remain
relatively invanable during these perturbations. As such. the CD4% TAUC 16 may more reliably

indicate the status of the immune system.

Why is the 40 week TAUC not as strongly associated with the endpoint? Had not the surrogate marker
responses been censored at the time of opportunistic illness, one could surmise that the predictive value
of the TAUC,, is “diluted” as compared to the TAUC ;. Persons who suffered an opportunistic illness
received open label ntonavir thereafter (or after 16 weeks if it occurred before this time). which would
have increased the TAUC,,. As such, even those who had an opportunistic illness might have

experience good CD4 or CD4% responses: this could therefore reduce the specificity of these surrogate

-83-



markers. This potential problem was avoided through censoring: however. there is no obvious

explanation otherwise for the reduced specificity of the TAUC,, as compared to the TAUC,.

Nonetheless. the TAUC,, of the CD4, CD4% and CD8 approach 60%. and are superior to carly
surrogate marker changes after treatment initiation and peak response. suggesting the potential for this
surrogate marker response as a correlate of clinical outcome. It is unfortunate that the viral load could
not be better assessed because of the small sample size. as its association with illness has been
demonstrated in other studies and it is in widespread clinical use. As well. the standard of care is to
suppress HIV to below the detection limit of the assay: the association between this degree of viral load
change and the development of Ols has not been reported in the literature. However. very few of the

subjects in this study achieved suppression of viral load to this degree.

As with the clinical surrogate marker changes of greatest specificity. we determined the positive and
negative predictive values. and likelihood ratios. for selected changes in the surrogate marker. These

perform in a similar manner to the Week 8 CD4 cell count. so will not be reiterated here,

5.6. Further Statistical Considerations

Gengralizability
There are potential hazards in the generalizability of these results to other patient populations. The
data presented here is potentially biased. both in statistical manipulation and selection bias. In terms
of the former. the corrections made for missing data may have altered the relationship between the
surrogate marker response and clinical outcome. In the latter case, four subjects were excluded from
this thesis. as no baseline data was present. More importantly. the subjects in the original study were
a select group. as 36% of screened subjects did not enter study. It is likely that the study population
was healthier than expected, as a large number were excluded because of lab abnormalities or illness.

[n addition, subjects were required to have had greater than nine months of previous antiretroviral
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therapy, which would select for tolerance to therapy.

As with many studies. subjects had closer follow-up and more frequent surrogate marker measures
than usual. which may have led to greater compliance than seen in non-study patients. Other biases
may have been introduced through provision of open label ritonavir once an opportunistic illness
occurred: this may have led to discontinuation of prophylactic medications. especially among those

who feel they are receiving placebo (as manifested by unchanging CD4).

Finally. there are concerns that the treatment strategy in M94-247 is outdated. The addition of a single
drug to ongoing antirctroviral therapy is no longer the standard of care. and the use of full dose
ritonavir alone (as opposed to lower doses in combination with other proteasc inhibitors) is rarely done

because of intolerance.

Nonetheless. except for the potential statistical problems introduced. the associations found may be
relatively generalizable to other populations. Most importantly. there is no cvidence that surrogate
marker changes related to differing antiretroviral treatment regimens are at all different qualitatively.
This suggests that the surrogate marker changes assessed here are similar in health benefit (for similar
magnitudes and durations of change) to those seen with more modern therapies in less select

populations,

5.7. Future Directions

This study has highlighted several areas of potential further study:

1. There is good evidence that the TAUC is a good measure of drug effect. in terms of association with
clinical endpoint. This should be assessed in other cohorts of different drugs and combinations. at
different stages of HIV infection. Databases with adequate numbers of subjects having viral load

measures performed should be assessed.
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2. The TAUC should be compared to what has become the standard of care in surrogate marker

response. which is the achievement of an “undetectable” viral load.

3. These analyses should also be assessed by other statistical methods. in particular the Cox
Proportional Hazards Model and Kaplan Meier method. Consideration should be made of

categorization of surrogate marker responses into groups. perhaps quartiles. for assessment.
4. More important than amount of surrogate marker change might be the levels to which they change.

For the CD4 cell count. for instance, analysis of the importance of increase o 50 cells/pL could be

compared to the association of a change by 50 cells/uL with the development of clinical endpoint.
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Appendix 1
1993 Centers for Disease Control Classification

of AIDS-Defining Illnesses

Infectious

Candidiasis, esophageal, tracheal. etc

Cervical Carcinoma

CMYV Retinitis and other CMV infections
Coccidicidomycosis. extrapulmonary

Cryptococcal Meningitis

Cryptosporidiosts. chronic intestinal

Herpes simplex: chronic ulcer. esophagitis. pneumonitis, etc
Histoplasmosis. disseminated or extrapulmonary
[sosporiasis. chronic intestinal

Mycobacterium avium complex or other atypical mycobacterial infection
Pneumocystis carinii pneumonia

Progressive Multifocal Leukoencephalopathy

Recurrent Bacterial Pneumonia

Salmonella bacteremia. recurrent

Toxoplasmosis. Cerebral

Tuberculosis

Non-Infectious

AIDS Wasting Syndrome

HIV Encephalopathy/AIDS Dementia Complex
Kaposi's Sarcoma

Lymphoma

(MMWR 1992:41:RR-17)
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Definitions for Appendices 2-8

n = sample size

S.D. = standard deviation

IQR = interquartile range

-2LL = -2(log-likelihood)

HIx2 = Hosmer-Lemeshow chi square

sig = level of significance

Modely” = model chi square

Wald = Wald statistic

Yacorrect = % correctly classified by logistic regression equation
spec = specificity of logistic regression equation
sens = sensitivity of logistic regression equation
B = coefficicnt of surrogate marker response

OR = odds ratio of surrogate marker response
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Appendix 2.

CD4 (all subjects)

Description of Covariates

‘= [ n Range Mean | S.D. | Median | IQR Normality
Baseline || 1052 | 0, 155.00 31.60 28.28 | 20.00 10.00, 44.00 no
Week 2 951 -48.00. 533.00 15.17 43.19 | 2.00 -2.00. 19.00 no
Week 4 944 -66.00, 542.00 23.52 58.22 | 3.00 -2.00. 26.00 no
Week 8 913 -74.00. 403.00 23.67 56.48 | 3.00 -0.50, 2.00 no
Week 12 i 860 -95.00. 338.00 2011 52.14 | 3.00 -0.30. 2.00 yes
Week 16 || 818 =74.00, 421.00 22.03 53.26 | 4.00 -0.38. 2.50 no
Peak 1035 | -45.00, 342.00 40.96 70.49 | 13.00 2.00, 52.00 no
TAUC,, 1008 | -64.56, 293.81 18.05 41.34 | 2.63 -0.94, 20.57 no

‘ TAUC,, 1010 | -63.57. 244.68 17.68 40.42 | 2.70 -0.84. 22,51 no

CD4% (all subjects)

Lo | Range Mean | S.D. | Median | IQR Normality
Bascline || 1011 | 0.24.00 3.92 347 3.00 1.50. 5.50 no
Week 2 917 -7.00. 27.00 1.35 346 0.50 -0.50. 2.00 no
Week 4 910 <6.50, 33.00 1.31 3.39 0.50 -0.50, 2.00 no
Week 8 385 +14.00. 14.00 0.96 2,67 0.50 -2.00. 30.50 no
Week 12 || 833 -11.00, 22.00 1.13 297 0.50 -3.00, 25.00 yes
Week 16 || 792 -12.00, 23.00 1.28 3.04 0.50 -3.00, 27.25 no
Peak 9935 -6.00, 33.00 2.82 4.20 1.50 0.50, 4.00 no
TAUC,, || 968 -15.00. 45.00 1.23 3.16 0.44 -0.19. 1.75 no
‘ TAUC,, || 968 -7.75. 16.97 1.03 2.33 0.43 -0.13.1.53 no
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CD8 (all subjects)

n Range Mean | S.D. Median | IQR Normality
Baseline 1024 { 0.30, 3604.50 480.87 | 328.87 | 409.25 243.13, 657.25 no
Week 2 913 -1092.50, 1244.50 21.75 198.64 | 4.50 -86.25, 106.50 no
Week +4 908 -939.00, 3036.50 108.02 | 376.33 17.00 -73.38, 169.38 no
Week 8 880 -1134.00, 2767.00 150.72 | 435.56 | 21.25 -78.63, 252.88 no
Week 12 829 -1372.00, 3580.50 106.00 | 391.98 | 23.00 -98.50, 210.25 ves
Week 16 784 -1346.00, 2292.50 93.76 349.64 | 23.50 -86.50. 215.50 no
Peak 996 -1092.50, 3580.50 29747 | 464.54 150.75 23.30,405.25 no
TAUC,, 976 -2032.63, 4321.50 100.14 | 370.89 18.51 -57.61, 160.63 no
TAUC,, 976 -1095.85, 1729.99 80.43 25393 | 22.73 -18.80, 163.65 no

CD8% (all subjects)

n Rzm_ge Mezul_ S.D. Median | IQR Normality
Baseline 1011 5.00. 88.00 57.51 15.30 60).00 48.00, 69.00 ves
Week 2 917 -60.00. 28.00 -1.59 6.39 -1.00 -5.00. 2.00 ves
Week 4 910 -36.00, 28.00 -0.22 7.56 -0.50 -3.00, 4.00 ves
Week 8 885 -66.00). 36.30 0.86 9.27 .50 -4.30, 6.00 ves
Week 12 833 -39.00, 32.00 0.52 9.08 0.00 -4.30, 6.00 ves
Week 16 792 -18.00, 44.50 0.09 9.48 0.00 -5.00, 5.00 ves
Peak 995 -18.00 , 44.50 5.51 7.93 4.50 0.50, 9.50 ves
TAUC,, || 975 | -88.00,90.00 043 9.48 0.00 -3.75, 4.06 ves
‘ TAUC,, 977 -26.00, 63.50 0.06 6.56 -0.13 -3.52,3.38 no
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Viral Load (all subjects)

—

L n Ran)ge Mean | S.D. Median | IQR Normality
Baseline || 171 0.70, 6.33 5.24 0.59 5.28 4.92,5.57 Not done
Week 2 149 -2.88.090 |[-0.58 |0.388 -0.12 -1.39.0.11 Not done
Week 4 147 -3.22,0.69 | -0.52 | 094 -0.08 -1.06.0.11 Not done
Week 8 143 -3.76.0.86 | -046 | 0.97 -0.13 -0.53.0.16 | Not done
Week 12 || 136 -3.76. 0.96 -0.34 0.79 -0.11 0.61.0.12 Not done
Week 16 || 135 -3.76.0.93 -0.28 ] 0.78 -0.09 -0.53.0.15 | Not done
Peak 156 -3.76,0.58 | -0.95 1.00 -0.63 -1.74.-0.11 | Not done
TAUC,, || 147 -8.20.1.76 | -040 | 097 -0.16 -0.59.0.04 | Not done
TAUC, || 147 -3.45.0.53 -0.36 | 0.65 -0.16 -0.49. 0.0l Not done
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Appendix 8
Comparison of Specificities of Multiple Logistic Regressions
Entry 1 (Covariates entered: CD4, CD4%, CD8, CD8%, Viral Load)
All Subjects

Model n Specificity

Baseline -

Week 2 CDS 129 | 33.33
Week 4 viral load 129 | 32.26
Week 8 CD8, CD8%. viral load 125 | 40.00
Week 12 -

Week 16 -

Peak CD8 137 | 33.67
TAUCI16 CD4 128 | 47.92
TAUC40 CD4 127 | 48.96

Ritonavir Subjects

Model | n | specificity
Baseline viral load H 82 58.21
Week 2 -
Week 4 -—-
Week 8 CD4 70 42.86
Week 12 -—
Week 16 CD8% 63 60.78
Peak CD8 73 46.55
TAUCIL6 || -
TAUC40 || CD8 68 58.82

(model = covanates included in final model)
(n = number of subjects included in analysis)

(specificity = specificity of final model)
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Comparison of Specificities of Multiple Logistic Regressions
Entry 2 (Covariates entered: CD4, CD8, Viral Load)
All Subjects

Model n Specificity

Baseline -

Week 2 CDS8 129 | 33.33
Week 4 viral load 129 | 32.26
Week 8 CDs8. viral load 125 | 37.78
Week 12 -

Week 16 CDs8 110 | 4177
Peak CDs3 i37 | 33.67
TAUCL6 || CD4 128 | 47.92
TAUC40 CD4 128 | 50.00

Ritonavir Subjects

Model n Specificity

Baseline viral load 82 58.21
Week 2 -
Wecek 4 --
Wecek 8 CD4 70 42.86
Week 12 -
Wecek 16 -
Peak CD8 73 46.55
TAUCIl6 || ---

ILTAUC40 fi CD8 68 58.82
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Comparison of Specificities of Multiple Logistic Regressions
Entry 3 (Covariates: CD4, CD4%, CD8, CD8%)

All Subjects
Model n Specificity
Baseline CD4 928 | 49.22
Week 2 CD4 836 | 44.58
Week 4 CD4 832 | 49.37
Week 8 CD4% 803 | 54.60
Week 12 CD4 756 | 50.17
Week 16 [} CD4 714 | 5540
Peak CD4 913 | 5094
TAUCI16 || CD4. CD4%. CD8 881 56.12
TAUC40 || CD4 881 52.47

Ritonavir Subjects

Model n Specificity

Baseline CD+4 475 | 49.89
Week 2 --

Weck 4 CD4 411 50.43
Week 8 CD4 407 | 55.69
Week 12 CD4 380 | 35.63
Week 16 || CD4%. CD8% 366 | 54.64
Peak CD4 461 | 52.34
TAUCI16 || CD4. CD4%. CD8 444 | 58.01
TAUC40 || CD4 446 | 60.00
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Comparison of Specificities of Multiple Logistic Regressions
Entry 4 (Covariates: CD4, CD4%, CD8, CD8%)

All Subjects
Ibfodel ——n Specificity

Baseline -

Weck 2 CD8 132 | 33.68
Week 4 CDS 132 | 25.53
Wecek 8 CD38. CD8% 128 | 38.71
Week 12 CD4 117 ] 2439
Week 16 || CD8 110 | 41.77
Peak CD8 138 | 33.33
TAUCl6 || CD4 141 | 50.93
TAUC40 || CD4 140 | 50.93

Ritonavir Subjects

Model n Specificity

Baseline -

Weck 2 CD+%. CD8 70 52.73
Week 4 CDS8 71 39.29
Week 8 CD4 71 43.86
Week 12 -

Week 16 (| CD8% 63 60.78
Pecak CDs8 73 46.55
TAUCl6 |} CD4. CD4% 75 60.00
TAUC40 || CD8 75 60.00
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