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ABSTRACT

111 men with haemophilia registered at the Royal Free Hospital Haemophilia Centre
became infected with HIV between 1979 and 1985 after treatment with infected blood
products. These men have been followed for up to 15 years since HIV seroconversion.

This thesis presents an epidemiologic follow-up of this cohort of patients.

By the end of 1994, 47 men had developed AIDS and 45 had died, Kaplan-Meier
progression rates of 56.5%"and 46.9%"by 14 years after seroconversion respectively.
Prior to the development of AIDS, 82 of the men had developed at least one more minor
condition indicative of their HIV infection. Older individuals and those who
seroconverted prior to 1981 and from 1983 onwards appear to have a more rapid
progression of disease. The CD4 lymphocyte count, which drops throughout infection, is
a strong prognostic marker for disease progression. The rate of CD4 decline, the
Immunoglobulin A level and the development of p24 antigenaemia all add some
additional prognostic information to that provided by the most recent CD4 count alone.
In contrast, the CD8 lymphocyte count simply identifies those individuals with the lowest
and most rapidly declining CD4 counts. Whilst the beta-2 microglobulin level appears to
provide additional prognostic information to the CD4 count at high CD4 levels, it is of
less value at lower counts. The development of a bacterial infection prior to AIDS
suggests that a patient’s condition is likely to deteriorate, irrespective of their immune
status. Despite being the best marker of progression, the CD4 count is, unfortunately,
measured imperfectly. This has the effect of reducing the apparent relationship with
disease progression and may lead to erroneous conclusions about the value of other

covariates in a proportional hazards model.
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CHAPTER 1 : GENERAL INTRODUCTION

1.1 HIV and AIDS
1.1.1 The origins of the AIDS epidemic

From 1981 onwards, increasing numbers of reports of relatively uncommon diseases
such as Pneumocystis carinii Pneumonia (PCP) and Kaposi's Sarcoma, in young
homosexual men prompted concern in the USA'®.  These reports coincided with an
increase in the number of requests for pentamidine, a drug used in the treatment of
PCP, to the Centers for Disease Control (CDC), the agency in the USA responsible for
monitoring the use of restricted drugs. In 1982, following an investigation into these
cases CDC adopted a definition of what is now called the Acquired Immunodeficiency

Syndrome (AIDS)3. This original definition included the following:

" A person who has had a reliably diagnosed disease that is at least moderately indicative of
an underlying cellular immune deficiency (such as an opportunistic infection, or Kaposi's
Sarcoma in a person aged less than 60 years), but who, at the same time, has had no
known underlying cause of cellular immune deficiency nor any other cause of reduced

resistance reported to be associated with that disease.”

AIDS was soon described in other patient groups including blood transfusion
recipients*® and haemophilic patients®. Subsequently, a number of revisions have been
made to the definition, both in terms of the list of diseases used as indicators of
underlying immunodeficiency, and to take account of the discovery of the Human
Immunodeficiency Virus (HIV) in 1983, thought to be the etiologic causative agent of
AIDS™®,

More recently a change to the definition was made in 1992'° when three new AIDS-
defining conditions were added to the list along with, for the first time, a diagnosis of
severe immunodeficiency in the absence of clinical illness (not adopted in Europe).
Details of the conditions which make up the most recent definition, accepted in this

country from 1st January 1993, are shown in Table 1.1.

The first case of AIDS in the UK was reported in December 1981"". Shortly afterwards,
the Public Health Laboratory Service's Communicable Disease Surveillance Centre
(CDSC) in collaboration with the Communicable Disease (Scotland) Unit set up a
voluntary reporting scheme to monitor the incidence of Kaposi's Sarcoma and

opportunistic infections in Britain.
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Table 1.1 : Clinical conditions included in the current (1993) CDC definition of AIDS'™

Candidiasis of bronchi, trachea, or lungs

Candidiasis, oesophageal

Cervical cancer, invasive**

Coccidioidomycosis, disseminated or extrapulmonary

Cryptosporidiosis

Cryptosporidiosis, chronic intestinal (>1 month'’s duration)

Cytomegalovirus disease (other than liver, spleen, or nodes)

Cytomegalovirus retinitis (with loss of vision)

Encephalopathy, HIV-related*

Herpes simplex: chronic ulcer(s) (>1 month duration); or bronchitis, pneumonitis,
or oesophagitis

Histoplasmosis, disseminated or extrapulmonary

Isosporiasis, chronic intestinal (>1 month’s duration)

Kaposi's Sarcoma

Lymphoma, Burkitt's

Lymphoma, immunoblastic

Lymphoma, primary, of brain

Mycobacterium avium complex or M. kansasii, disseminated or extrapulmonary
Mycobacterium tuberculosis, any site (pulmonary*gr extrapulmonary)

Mycobacterium, other species or unidentified species, disseminated or
extrapulmonary
Pneumocystis carinii pneumonia

Pneumonia, recurrent **

Progressive multifocal leukoencephalopathy
Salmonella septicemia, recurrent
Toxoplasmosis of brain

Wasting syndrome due to HIV*

FI

%*  Added 1n Q8T

we Added 1n 1993
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The CDC definition of AIDS was adopted in this country in 1982 and\reports of 178
cases of AIDS had been received by CDSC by 1st June 1985'%. In 1986 a second HIV
virus (HIV-2) was isolated’®. The original, and still most common virus is now frequently

referred to as HIV-1.
1.1.2 Modes of transmission

HIV is primarily transmitted through body fluids, including blood and semen.
Consequently, individuals can be infected through sexual intercourse, sharing of
needles, through receipt of contaminated blood or its products, or after needlestick
injuries. Because their lifestyle often involves multiple sexual partners and also because
of the possibility of a higher risk of transmission through anal rather than vaginal
intercourse, homosexual men have been the main group of individuals infected in the
UK. However, a large number of intravenous drug users (IVDUs) and blood product
recipients are also infected. Amongst children, perinatal transmission is the main cause
of infection, with between 9 to 39% of children born to infected mothers becoming

infected themselves' 8,

1.1.3 The growth of the epidemic

By the 29th December 1994, 1,025,073 AIDS cases had been reported to the World
Health Organisation’g. Reported AIDS cases, however, represent only a minority of
cases and it is estimated that there have been around 4 million AIDS cases in the world
since the epidemic beganzo. In addition, a further 16 million adults and one million
children are estimated to be infected with HIV?. Figure 1.1 illustrates the distribution of
estimated HIV infections throughout the world. Sub-Saharan Africa is thought to have
the majority of infections, with over ten million individuals thought to be infected with HIV.
Transmission is mainly by heterosexual contact or from mother to child. In West Africa
especially, many individuals are infected with HIV-2 and both sexes appear to be
affected equally. Other areas where the epidemic has spread rapidly include: Latin
America and the Caribbean (2 million infections); South and South-East Asia (2.5 million
infections), in particular Thailand and India; and North America (1 million infections).
While many infections in South Asia are amongst heterosexuals of both sexes, the

predominant risk groups in the USA and Europe are homosexual men and IVDUs?'.
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Figure 1.1 : The estimated distribution of cumulative HIV infections in adults, by

continent or region : mid 1994%°

North Amerjica
1 million\+

Latin America
& the Caribbean
2 Million

South-East Asia

yz.s million = N

Auatralasia

Sub-Saharan Afrioa 25 000+
10 Million <

In the UK a total of 10,304 AIDS cases had been reported to CDSC up to the end of
December 199422, of whom 3285 are thought to remain alive. The true number of AIDS
cases is, however, likely to be a lot higher as a result of both delays in reporting AIDS
cases to CDSC and under-reporting. To date, the majority of AIDS cases (7463) are
thought to have acquired the virus through sexual intercourse between men, although
around 565 AIDS cases have been amongst individuals infected via blood or blood
products, including haemophilic patients (460 cases). Geographically, the four Thames
regions account for 70% of all AIDS cases reported (7260 cases)®.

1.2 nherited coagulation disord / haemophilia

Inherited coagulation disorders affect 1 in 10,000 of the population. They are a result of
mutations of the genes responsible for the synthesis of specific proteins known as
clotting factors. The most frequently affected proteins include factor VIII and factor IX,
although deficiencies of factors VII, X and Xl also exist. In general, the clinical severity

of the disorder is related to the degree of dysfunction of the clotting factor concerned®.
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1.2.1 Haemophilia A

The most common coagulation disorder in the UK is haemophilia A which is caused by a
defect in factor VIll. Haemophilia A was first documented more than 1700 years ago
and the genetics of the condition were first described in the 1800s. The disorder
accounts for around 80-85% of all life-long bleeding disorders in man. Haemophilia A is
a sex-linked inherited condition in that it is passed through 'carrier' females to their

offspring. If male, then the child has a 50% chance of suffering from haemophilia A.

Haemophilia A is characterised by bruising or prolonged bleeding, particularly into the
joints and soft tissues. Patients are categorised into mild, moderate or severe on the
basis of their level of deficiency (>5, 2-5 and <2% of normal levels of clotting factor
respectively).  Patients with mild or moderate haemophilia may require very little
treatment and may rarely experience bleeding problems. However, individuals with
severe haemophilia often suffer from painful bleeding into the joints, muscles or other
soft tissues and this may follow even trivial injury or may seem to occur spontaneously.

If left untreated these bleeds can lead to permanent disability and crippling.
1.2.2 Other common inherited bleeding disorders

A bleeding disorder due to the indirect consequences of changes in plasma von
Willebrand factor was first described in 1926%*. This is known as von Willebrand's
Disease (VWD) and is similar in clinical appearance to Haemophilia A. vWD affects both
sexes equally with each child having a 50% chance of inheriting the abnormal gene from

their parents. The condition accounts for less than 1% of severe bleeding disorders.

Haemophilia B (or Christmas Disease), a deficiency of factor IX, was first distinguished
from haemophilia A in 1952?28, The pattern of inheritance of haemophilia B is the same
as that of haemophilia A, although it occurs less frequently in around 1 in 30,000 live

male births.
1.2.3 Treatment of haemophilia and vwWD

Treatment of both forms of haemophilia and vWD involves infusion with clotting factor.
Bleeds can be treated by the infusion of clotting factor after they occur in a therapeutic
manner or prophylaxis with lower doses of clotting factor can be given in order to

prevent bleeding occurring.
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Before the discovery that a haemophilia-associated bleeding episode could be
successfully treated by transfusion of whole blood in 18407, patients with haemophilia
were untreated and often died at a young age of haemorrhage. Until the identification of
the main blood types in 1900 complications with incompatible blood types meant that
blood transfusions were rarely used. In the early 1900s, however, blood transfusions
began to be used more often, their use becoming widespread after the Second World
War. In 1923 transfusions of plasma were first used as therapy for haemophilia
patientszs, and these remained in common use until the 1960's. However, because of
the small amount of factor VIIl in plasma, its short half-life and the problems of
circulatory volume overload, the majority of haemophilia patients still died early in life.
Prior to the AIDS epidemic, intracranial bleeding was the cause of death in 25% of

haemophilic patients, and the median life expectancy before 1960 was only 10.2 yearszg.

In 1964, Pool analysed the content of the precipitate that formed during the thawing of
frozen plasma and found that it contained a high amount of factor VII®®. This
cryoprecipitate allowed patients to treat themselves at home for the first time and
resulted in fewer problems with joint bleeds and arthritis in later years. Life expectancy
for men with haemophilia improved to 56.8 years between 1961 and 1980°'. From the
late 1960's the production of highly purified preparations of factor VIII concentrate were

also used.
1.2.4 The introduction of HIV into the haemophilia community

Initially cryoprecipitate was produced from single units of plasma which were transfused
directly. However, in order to produce the large quantities of concentrate required,
plasma donations were subsequently pooled to form intermediate purity clotting factor
concentrates®. As a result of intermediate purity concentrate usage, almost all
haemophilic individuals became infected with hepatitis C virus (HCV) and many patients
were also infected with hepatitis B virus (HBV), both being associated with chronic liver-
related problems. In the early 1970s a lack of British products led to a decision to import
factor VIII concentrates prepared from the plasma of paid donors in the USA. From
1979, HIV began to be transmitted in the UK, firstly through these imported batches of
concentrate and subsequently through UK produced National Health Service
concentrates, although the latter resulted in a much lower rate of transmission of HIV.
As the number of infected donors in the USA increased, the number of contaminated
batches grew at a rapid rate. As a consequence, in the UK over 1200 haemophilia

patients were infected with the virus”, predominantly those who had severe
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haemophilia. Due to their smaller need for clotting factor concentrates, far fewer

individuals with milder forms of haemophilia were infected

Attempts to inactivate viruses in clotting factor concentrates were started in response to
the recognition of non-A non-B hepatitis. These efforts were intensified with the advent
of AIDS and since 1985 concentrates have either been heat treated or subjected to
other sterilisation procedures. In addition, both blood donors and samples of the
donated blood are now screened for HIV and HCV. Worldwide surveillance of
transfusion-transmitted disease is carried out and since 1986 there has been no
transmission of HIV from sterilised products. However, the transmission of HIV may still
occur in parts of the world where unsterilised cryoprecipitate is the mainstay of
treatment, e.g. in India®. Although generally safe, the transmission of some other
viruses is still, however, possible®**. Recently recombinant DNA technology has made

37.38 and recombinant factor VIil is now a licensed

it possible to clone the factor VIl gene
blood product in the UK. However, whilst these products pose no threat of viral

transmission, their cost remains prohibitively expensive?*.

1.3 Project aims and objective

The main aim of this thesis is to provide a report of an epidemiologic follow-up of 111
patients registered at the Royal Free Hospital Haemophilia Centre infected with HIV.

More specific aims are:

i) To describe the cohort in terms of demographics and clinical events which have
occurred (including the development of pre-AIDS HIV-related conditions, the
development of AIDS and death).

ii) To study the effect of these demographic factors and other potential ‘co-factors'
on the progression of HIV disease, as determined by progression to AIDS, death

or to the first HIV-related clinical event.

i) To study the pattern of immune decline, as described by the CD4 lymphocyte
count, throughout HIV infection, and to evaluate the use of the CD4 count as a

prognostic marker.

iv) To study the pattern of other potential markers throughout infection, including the
CD8 lymphocyte count, beta-2 microglobulin (B2M) level, Immunoglobulin A (IgA)
level, p24 antibody and p24 antigen status.
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v) To investigate the relationships between these potential markers and the CD4
count and to assess whether they add any extra prognostic information in
addition to that provided by the CD4 count.

vi) To investigate the effect of measurement variability and missing values on the

estimate of the relative hazard associated with a drop in the CD4 count.

1.4 Layout of thesis

Chapter 2 contains a description of the data available for analysis and the methods of
statistical analysis used. Chapter 2 also includes a brief description of the Haemophilia
Centre itself and details of the regular clinical follow-up of patients in the cohort. Chapter
3 summarises the cohort in terms of their demographics and clinical disease
progression. Chapter 4 describes the effect of these demographic factors on
progression of HIV disease. The role of the CD4 count as a prognostic marker in HIV
infection, and its pattern of change throughout infection is described in Chapter 5, and
the potential roles of other laboratory markers are discussed in Chapter 6. Finally,
Chapter 7 contains the results of an investigation into the effect of variability on the value
given to the CD4 count as a prognostic marker. Rather than devote separate chapters
to a review of the literature and to conclusions, each chapter will start with a review of
the literature related to the results contained within that chapter and will finish with any

concluding remarks.
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CHAPTER 2 : METHODS: THE ROYAL FREE HOSPIT EMOPHILIA COHORT
DATA COLLECTION AND STATISTIC oDs

2.1 The Royal Free Hospital Haemophilia Cohort
2.1.1 The Haemophilia Centre

The Royal Free Hospital Haemophilia Centre was established in 1964 under the
direction of Dr Katharine Dormandy. Initially treatment was predominantly on an
outpatient basis with five outpatients. Since the opening of the present Katharine
Dormandy Haemophilia Centre at The Royal Free Hospital in 1978, however, the centre
has seen enormous expansion with over 1500 patients with congenital clotting factor
disorders now registered at the centre. Patients attend from a variety of geographic
areas, including some from outside the UK. Care is provided for patients of all ages,

including children.
2.1.2 The origins of the cohort

In 1982 the first reports of AIDS began to reach the UK from the USA, identifying that
T4/T8 ratios were inverted in patients developing AIDS. Staff in the Department of
Immunology at the Royal Free Hospital began to perform lymphocyte subsets under the
guidance of Dr Peter Kernoff (Director of Centre 1978 to 1991) in order to identify
patients with inverted T4/T8 ratios who were possibly infected. These early procedures
were summarised in a paper, published in 1985°°, describing the finding that the degree
of immunodeficiency found was related to the amount and type of blood product
received. After the introduction of a commercial test for HIV seropositivity in 1984,
stored serum samples from all patients were tested for HIV. In 1986 those patients who
had tested HIV positive and were in regular care at the Centre were recruited into the:
haemophilia cohort. All HIV negative patients receiving clotting factor concentrates

continue to undergo surveillance with an annual HIV test.
2.1.3 Follow-up procedures

It is the intention that severe haemophilic patients attend the Centre for clinical review
every six months and those with mild haemophilia once a year. Patients infected with
HIV, however, are generally seen more often for routine review according to their clinical
condition. Patients are reviewed by a doctor together with the social worker and a

nurse. Regular clinical reviews are shared by a Haematology doctor-in-training
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(registrar/senior registrar) and one of the consultant haematologists. Clinical details and
information on treatments prescribed are entered into patient notes which are kept in the
Haemophilia Centre. At each visit blood samplés are taken and stored at -20°C. Each
week all centre staff responsible for delivering the comprehensive care (i.e. doctors,
nurses, pharmacist, physiotherapist, social worker, welfare rights officer) and myself,
attend a meeting in the Centre with the aim of exchanging information about patients

who have been seen in the Centre over the previous week.
2.1.4 Haemophilia treatment

Until 1990 all patients received intermediate-purity products from a number of
manufacturers. From 1990 onwards, on the recommendations of the UK Haemophilia
Centre Directors*®, HIV positive patients at the centre were switched to monoclonal-

antibody purified clotting factor concentrates.
2.1.5 HIV treatment

Routine HIV-related treatment used in the centre includes the use of zidovudine and
prophylaxis for PCP and candidiasis. Zidovudine has been available since 1987, firstly
for patients with AIDS and symptomatic disease, and from October 1988 for
asymptomatic individuals as part of the MRC/ANRS Concorde trial of immediate versus
deferred zidovudine. Secondary prophylaxis against PCP with pentamidine has been
used since March 1988 (300mg 2-weekly) and primary prophylaxis since February 1989
(300mg monthly). From 1992 it became apparent that co-trimoxazole was more
effective as prophylaxis than pentamidine and also provided protection against
toxoplasmosis. Where possible patients were changed to co-trimoxazole (960mg three
times a week), although the development of skin sensitivity to co-trimoxazole
occasionally necessitates a switch back to pentamidine. Secondary prophylaxis for
candidiasis with fluconazole has been used since March 1988 and primary prophylaxis
since April 1990 (both 150mg weekly).

Zidovudine and primary prophylaxis for PCP and candidiasis are instigated once a
patient's CD4 count falls below 200 cells/mm®. Patients developing either PCP or
candidiasis are offered secondary prophylaxis regardless of their CD4 count.
Prophylaxis for mycobacterium avium intracellulare (MAI) infection with either rifabutin

300mg daily or clarithromycin 1g daily has been used since May 1994.
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2.2 Data collected on the cohort

A large amount of data is routinely collected on patients in the cohort (Table 2.1) and is
entered onto a computer data set (held as a Statistical Analysis System (SAS)41 data
set). The computer data set is updated once a year in the first two weeks of January
where possible. The development of new clinical conditions and treatments are
abstracted from patient notes by Dr Christine Lee (Director of Centre and co-PhD
Supervisor). Non-AIDS clinical conditions recorded are bacterial infections, skin
complaints, herpes zoster, thrombocytopenia (a platelet count < 50 x 109/1) and oral
candida. Information is only collected on the first occurrence of each of these
conditions. In contrast, all occurrences and recurrences of AIDS-defining conditions are
noted. Conditions are classified as AIDS-defining according to the definition of AIDS in
use at the time of diagnosis. Patients are not retrospectively diagnosed as having AIDS
once a new definition is adopted. Laboratory resuits are stored in the patient notes and
data from these are extracted by Dr Lee (lymphocyte subsets, p24 antigenaemia and
beta-2 microglobulin measurements) and myself (Immunoglobulins A, G and M, platelet
counts) at the end of each year. All of the data is transferred onto data sheets and
entered onto the computer by myself. The data is then checked for inconsistencies and
any unusual values for a particular patient are checked back in the patient notes. If
necessary, values can be further checked on the hospital Pathology Computer System

which contains all test resuits carried out on patients at the hospital.

Non-routine data is collected on an ad hoc basis. The research team for the cohort,
which consists of representatives of the Departments of Virology, Immunology and
Public Health along with Dr Lee, meets approximately twice a year at which time
members may suggest non-routine measurements which they are interested in studying.
These may be measured either in fresh blood or in the stored serum samples. Where
stored samples are to be used, a decision is made as to which samples should be
extracted for study and these samples are then taken to the laboratory where the tests
are to be performed. The results are sent back to myself and are entered directly onto

the computer for analysis. The data is then verified for errors in data entry.

2.3 Analyses included in thesis

Because of space restrictions for this thesis, the work which is included represents only
a small proportion of the analyses | have carried out on the cohort. Firstly, only a

selected set of laboratory markers have been included.
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Table 2.1 : Data collected and analysed in thesis

Demographic and baseline data

Clinical details

Laboratory markers

Treatment data

Non-routine ad-hoc data

Date of last negative HIV test

Date of first positive HIV test

Date of birth

Social class (I/11/1II-N/HI-M /IV / V)
Haemophilia type and severity (Severe A /
Mild A / B / vWD)

CMV serostatus (positive / negative)
Date of first bacterial infection

Date of first skin complaint

Date of first episode of herpes zoster
Date of first episode of thrombocytopenia
(< 50 x 10%/1)

Date of first episode of oral candida

Date of first and all subsequent AIDS-

defining conditions

Dates and measurements of the following
laboratory markers : CD4 counts, CD8
counts, beta-2 microglobulin*, IgA levels, IgG
levels*, IgM levels*, p24 antigen status,

Platelet counts*.

Yearly concentrate usage*, Date of starting

zidovudine*

p24 antibody status, soluble CD8*, beta-2

microglobulin (see Chapter 6)

FI

* Not analysed in thesis
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The markers included are the CD4 and CD8 lymphocyte counts, beta-2 microglobulin,
Immunoglobulin A (IgA) and p24 antigen and antibody levels. These markers have been
chosen as published studies have previously suggested that they may provide useful
information on disease progression. A brief description of the laboratory methods for the
measurement of these markers, along with details of tests for antibodies to HIV and to

cytomegalovirus are described in Appendix | - Laboratory Methods.

In the cohort, p24 antibody status has been measured once on each patient soon after
seroconversion. Beta-2 microglobulin has been measured on a maximum of four
occasions throughout infection. Both laboratory variables are therefore treated as
covariates which are fixed’ at the time of measurement. For these covariates, the
question studied in this thesis is whether these markers predict the development of
clinical disease in the long-term. This has important implications for understanding the
pathogenic mechanisms by which HIV causes disease. The remaining markers (CD4
and CD8 Ilymphocyte counts, IgA levels and p24 antigen status) are measured
repeatedly over time. These markers may be analysed either by selecting values at
chosen time points, for example soon after seroconversion, or by including all available
measurements as time-updated covariates in the analysis. These two methods of
analysis address very different issues. When studying the relationship between the first
CD4 count measured after seroconversion and disease progression, for example, the
issue of whether a single CD4 count can predict the development of disease in the long-
term is addressed. However, due to changes in the CD4 count over time, the degree to
which a single CD4 count predicts is likely to be different over the short term®. 2 is can
be assessed by including all values as time-updated covariates in the model. To a
clinician who has a patient’'s most recent CD4 count available and would like to assess
the patient’s risk of disease before their next visit in 3-6 months, short-term prediction is
likely to be of more relevance. Whilst both types of analyses have been carried out on
the data from the cohort, only the time-updated analyses, using all available

measurements, have been included.

24 Statistical methods

In general, the statistical methods used in this thesis are chosen because they make
allowance for the wide variation in progression/survival times and also allow for the
presence of right-censoring of survival times. Kaplan-Meier methods are used to
visually display cumulative rates of progression to the clinical endpoints™® and the log-

rank test is used to test the univariate effects of covariates on progression rates for
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statistical significance. Cox proportional hazards models*? are then used to assess the

independent effects of covariates on patient survival/progression times.
2.4.1 Endpoints and censoring

The majority of the analyses in this thesis involve the study of progression from HIV
seroconversion to three main clinical endpoints : the development of the first HIV-related
event (either AIDS or one of the five pre-AIDS clinical conditions described in section
2.2), AIDS and death. Progression to each of the five pre-AIDS clinical conditions
separately is considered in Chapter 3. Progression to two CD4-defined endpoints is also

considered in Chapter 6.

By the 1st January 1995 patients had been followed for up to 15 years from
seroconversion. However, for the purposes of this thesis, as the number of patients
alive after 14 years is small and confidence intervals around progression rates at 15
years from seroconversion are wide, data on patients remaining alive and AlDS-free is
right censored a year earlier at the start of 1994. All analyses will therefore report

follow-up results at a maximum of 14 years after seroconversion.

For progression to AIDS, the first HIV-related event or one of the two CD4 endpoints,
patient follow-up is right-censored at the time of death or at the start of 1994 if the
patient remains alive without reaching the endpoint on that date. As the five pre-AIDS
clinical conditions are not recorded after a diagnosis of AIDS, progression to these
endpoints was additionally right-censored at the time of an AIDS diagnosis if the patient
had not developed the condition by this time. For progression to death, patient follow-up

was right-censored at the start of 1994.

In Chapter 6 two CD4 endpoints, defined as the dates when the CD4 count fell to 200
and 50 cellssmm®, are used. These dates were estimated using linear interpolation
between the dates of the last CD4 count above the level of interest and the first count
below that level. In this cohort, where CD4 counts are measured every 3-6 months, this
method of estimating the dates is thought to be acceptable and dates are not subject to

any large error.
2.4.2 Cox proportional hazards models

This method (described in more detail in Appendix |l - Statistical Methods) provides
estimates of the relative hazard of progressing to each endpoint for each covariate of

interest.
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95% confidence intervals for the relative hazard are estimated as :
relative hazard + 1.96 x standard error

Where time-updated covariates are used patients enter the risk set once their first
measurement becomes available. Testé for non-proportionality are performed by the
inclusion of an interaction term between the logarithm of time and the covariate of
interest. If the inclusion of this term into the model resuits in a significant improvement
in fit, then there is evidence of non-proportionality. All proportional hazards models are
fit using PROC PHREG in SAS*'.

2.4.3 Multi-level modelling

In order to assess the pattern of change of laboratory markers over time within individual
patients, multi-level modelling methods are used**. The history of the development of
these methods is described in Appendix Il - Statistical Methods. However, a brief

introduction to the statistical ideas underlying these methods is given below.

Laboratory markers measured on patients in the cohort are hierarchical in nature. For
example, within an individual, CD4 counts at different times are linked by some
biological mechanism controlling the immune system. If a patient's CD4 count is very
low at one time point, it is likely to be relatively low at the time of their next
measurement. Measurements on two different individuals are not, however, likely to be
related, although they may share common features, such as a general tendency to
decline throughout infection. CD4 counts within an individual patient are, therefore,
‘nested’ within the CD4 counts of the whole population. This is a two-level hierarchy
where the CD4 count at a particular time point may be a function of the individual's
immune system at that time (at ‘level 1' - the within-individual level) but may also share
some characteristics at a population level with the CD4 counts of other patients (at ‘level

2’ - the between-individual level).

It is possible to use simple linear regression methods to estimate the initial CD4 count at
seroconversion (the intercept) and the rate of change in this count over time (the slope)
in a group of patients infected with HIV. Using these methods a separate intercept and
slope is estimated for each patient. However, this method takes no account of the fact
that CD4 counts from different individuals may tend to follow some general patterns. If
this is the case, then information about the pattern of CD4 change in an individual can
be obtained not only from his own CD4 counts, but also from the pattern of CD4 counts

in other patients in the population.
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For example, CD4 counts at seroconversion for each individual in the population are
likely to come from some distribution - the distribution of CD4 counts at seroconversion
amongst all HIV positive patients. If few CD4 counts are available for analysis on one
particular patient, then the information can be ‘borrowed’ using knowledge about the
distribution of CD4 counts at the time of seroconversion in the rest of the population.
The shape of this distribution could take any form, but it is usual to assume that CD4
counts at seroconversion (or some transformation of these counts) in the population are
normally distributed with a certain mean and variance. Similarly, the rate at which the
CD4 count declines is also likely to have some average value with some individuals
having more rapid declines and some having slower declines. Once the assumption of
an underlying distribution of the values in the population is made, the estimation of the
parameters becomes more efficient, as it is only necessary to estimate the distribution of
each parameter in the population, rather than separate sets of parameters for each

individual.

A further benefit of multi-level model methods is that they do not require that the random
variation in the CD4 count is the same at all stages of infection, as is the case for linear
regression methods. Multi-level modelling methods allow for the explicit modelling of

variability over time.

For the simple situation described above, of a linear pattern of CD4 change over time
multi-level modelling methods make the following assumptions. Each individual's
estimated CD4 count at seroconversion is made up of a fixed part, which is shared by
each individual and describes the mean CD4 count at seroconversion estimated from all
patients in the study, and a random part, which describes that particular individual’s
deviation from the mean. These random deviations for the CD4 count at seroconversion
coefficient are assumed to come from a normal distribution with zero mean, but with
some variance. Hence, for each individual, the estimated CD4 counts at seroconversion
vary around the fixed mean with the estimated variance of the random part. Similarly,
each individuals’ estimated rate of CD4 decline is made up of both a fixed and random
part, again with the fixed part describing the overall mean rate of decline in the
population and the random part describing the particular individual's deviation from the
overall average. Multi-level methods provide direct estimates of not only the overall
mean values and the variance of each random part, but also of the covariance between

the parameter estimates.
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Hence, the multi-level modelling formulation of a simple model to consider a linear rate

of CD4 change over time would be :
y; = (intercept + v)) + (slope + w)) x time;; + ¢;;
where y; is the th CD4 count for the ith person,
time;; is the time of the measurement of the jth CD4 count for the #h person,

intercept is the fixed part and v; is the random part of the estimated ‘CD4 count at

seroconversion,

slope is the fixed part and w; is the random part of the estimated rate of CD4

decline, and

g; is a random error term after all other coefficients have been included in

the model.

Multi-level modelling methods provide estimates of intercept and slope, the variances of

v;and w; , the covariance between the two and the variance of g;.

In this set-up both the CD4 count at seroconversion and the rate of CD4 decline are
known as ‘random’ parameters at level 2, or at the between-patient level. This is
because they are assumed to vary between individuals. In some situations it may be
thought that a more suitable formulation is one in which values do not vary between
individuals ie. a ‘fixed' covariate. As their name suggests, no variance is estimated for
these parameters and all patients have the same value for this parameter. For example,
if the CD4 count at seroconversion were modelled as a ‘fixed’ covariate rather than a
‘random’ one, each individual would be given the value of intercept as their estimated
CD4 count at seroconversion, ie. each individual would be estimated to have the same

CD4 count at seroconversion.

Interactions can be incorporated between the random variation parameter, g; and time
in order to allow this variation to increase or decrease over time. Further, if it is thought
that some of the between-individual variation can be explained by differences in
important covariates, such as age at seroconversion, then these covariates can be
added to the model either as ‘fixed’ covariates at the population level in which the effect
of the covariate on the CD4 count is the same for every patient, or as ‘random’

covariates at the individual patient level in which the effect can vary between patients.
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For this thesis, the package ML3 has been used to estimate the parameters of the
models*. Given the estimated parameters it is then possible to generate either
hypothesis tests or 95% confidence intervals for the overall estimates of the mean
parameters (Mean + 1.96 x Standard Error of mean) or 95% ranges within which most of
the individual estimates will lie (Mean + 1.96 x V(Variance estimate)). The correlation

between two estimated parameters can be calculated using the standard formula

Correlation (x,y) = _Covariance(x.y) .
V [Var(x) Var(y)]
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CHAPTER 3 : SEROCONVERSION DATES AND DISEASE PROGRESSION

3. Summary of contents

In this chapter | will describe the patients inciuded in the Royal Free Hospital
Haemophilia Cohort in terms of their demographics, their dates of infection and the
occurrence of HIV-related conditions, AIDS and death. | shall assess the relationships
between these disease end-points and the patients' state of immunosuppression, as
described by their CD4 count.

3.1 Literature review

Factors potentially related to HIV infection were initially identified using what was thought
to be the most appropriate study design, the case-control study. The distribution of
these factors was compared in those patients with AIDS (the 'cases') and those without
AIDS (the 'controls’). These studies had the advantages of being cheap and easy to
perform, thus enabling information about the disease to be collected rapidly. With the
discovery of the virus in 19837, however, came the awareness that the incubation period
could be long and that patients could develop symptomatic disease prior to AIDS. Thus
the need for cohort studies arose and these are now acknowledged to be the only

reliable way of obtaining information on the natural history of the infection.

As infection with HIV is a relatively rare occurrence in most populations and because of
its long incubation period, many researchers still find case-control or cross-sectional
approaches attractive. However, it is almost impossible to identify temporal changes in
infection and in markers in these studies, making it difficult to identify causal pathways

linking HIV with disease.
3.1.1 Methodological issues

Currently most commercial tests for HIV infection detect antibodies to the virus, which
are produced by the immune system beginning up to 6 months after infection. The time
at which this happens is known as ‘seroconversion’. Studies of the natural history of HIV
infection are therefore constrained to follow individuals not from infection but from
seroconversion. Whilst these studies may as a result underestimate the length of
incubation period by a few weeks or months, the implications of this are limited when

considering the long incubation period.
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In order to detect a seroconverting individual it is usual to follow HIV negative individuals
until the date of their first positive HIV test. Cohort studies which follow such individuals
are known as seroincident cohorts. For patients who have serum samples regularly
stored (for example haemophilic patients, or patients recruited into clinical trials which
require the storage of serum samples), retrospective analysis of these samples can
often identify a period within which the patient must have seroconverted to HIV and a
date of seroconversion can be estimated. Whilst not strictly seroconverters, these

patients are often retrospectively recruited as such for seroincident cohort studies.

Due to the problems of identifying seroconverting individuals, many cohort studies
simply follow seroprevalent individuals - those individuals who are already HIV-positive
at the start of the study (seroprevalent cohorts). In these studies, follow-up may simply
be considered from the start of the study, thus mimicking a typical patient's presentation
for care. Alternatively, an estimate of the likely time of seroconversion can be made for
each individual which can then be combined with the follow-up information to provide an
estimate of the incubation period*®*’. The likely time of seroconversion may be
estimated using information on the distribution of certain laboratory markers throughout
infection to estimate how long a patient has been infected, or by using knowledge of the
HIV epidemic in the region or exposure category of the patient. A further approach
involves the simultaneous estimation of the distributions of both seroconversion dates

and incubation periods*®*°.

Some hybrid studies also exist, which are made up partly of seroconverters and partly of

seroincident patients.
3.1.2 The major cohort studies

Many of the major HIV cohort studies are based in the USA, including a number of large
studies of homosexual men®**® and drug users®®. The USA Army57, Nalvy58 and Air
Force®® provide useful opportunities to study HIV infection in groups of patients made up
of multiple exposure groups. In Canada the Vancouver Lymphadenopathy AIDS Study60
and the Toronto Sexual Contact Study61 are of particular note. In Europe cohorts also
exist of IVDUs®®* and homosexual men®, along with cohorts of multiple exposure

categoriesee.

67 68,70
AS769 .

Haemophilia patients are widely studied in both the US and Europe Since
1983, an ongoing survey has been carried out by the United Kingdom Haemophilia
Centres Directors Organisation. Information on positive Wiv +eses | AIDS-defining

conditions and deaths are routinely collected on all haemophilic patients infected with
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HIV in the UK. This ‘cohort’ has provided a number of useful estimates on the course of

348 However, as data collection is limited, studies

HIV disease in haemophilic patients
from individual centres can provide more detailed information on the natural history of
HIV infection in these patients. The Royal Free Hospital Haemophilia Cohort is one
such study. Other small studies of patients with haemophilia in the UK have been

carried out in Bristol”', Edinburgh’? and Leeds™.
3.1.3 The pattern of HIV infection
3.1.3.1 CDC Stage A - Primary infection and asymptomatic infection

Between 20 and 90% of individuals are reported to develop some sort of iliness at the

74-77

time of seroconversion Differences between these rates can be mainly explained

by differences in methods of ascertainment, definitions of illness, or exposure categories

studied”®. Commonly, individuals suffer from a glandular-fever like iliness”® which may

576 The presence of a ‘seroconversion illness’

76,78-80

last from a few days to several weeks

may identify those who will experience more rapid disease progression , although

this has not been found in all studies®’.

After infection with HIV there is usually a long asymptomatic phase, sometimes

82,83

accompanied by the emergence of persistently enlarged lymph glands™*". Prikor to the

development of a commercial test for HIV, lymphadenopathy was thought to be
associated with increased progression to AIDS®**. However, there is now little evidence

to suggest its development is associated with a poor prognosis®®:385-8¢,

3.1.3.2 CDC Stage B - symptomatic infection

Prior to AIDS, the development of skin complaints (especially seborrhoeic dermatitis),

bacterial infections or constitutional symptoms (weight loss, diarrhoea and fever) are

87.88 Herpes zoster®® !

92-94

commonly some of the earliest signs of HIV infection and oral

lesions (including oral hairy leukoplakia and oral candida) are particular problems for

HIV infection patients. Finally, the development of haematological complaints, such as

thrombocytopenia, neutropenia and anaemia is often reported in HIV infection®*"%,

61,101,102

Several of these conditions, including herpes zoster £1.86,93,103.104

, and oral lesions
are associated with rapid disease progression. Although their appearance may simply
be a reflection of the severe immunosuppression experienced during HIV infection,
studies taking this into account have shown that the association with disease

92,103 88,92,105,106

progression remains. Skin complaints , bacterial infections and
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haematological complaintsgs'wo'w"', however, do not appear to be related to disease

progression once the patient's immunosuppression is taken into account.
3.1.3.3CDC Stage C - AIDS

The clinical conditions which form the current AIDS definition are shown in Table 1.1.
Kaposi's Sarcoma and PCP were the first recognised conditions of AIDS'? and these
remain the predominant initial AIDS defining conditions in homosexual men'®.
Estimates of the numbers with PCP as their first AIDS iliness vary from 20% to
70%8%9198118 " \wjiith the introduction of prophylaxis in the late 1980s, the incidence of

12115119 resulting in an

120,121

PCP as an initial AIDS-defining condition appears to have fallen

increase in other, previously less common, AIDS-defining conditions Kaposi's

Sarcoma tends to occur at an earlier stage of HIV infection than other AIDS defining

conditions®>'"2. Whilst Kaposi's Sarcoma occurs in 8% to 45% of homosexual men as

107,112,114,119,122

an initial AIDS-defining condition the condition is rare in other exposure

110,113,123,124

categories , possibly because it may be caused by a sexually transmitted viral

pathogenm‘m. Oesophageal candidiasis is the initial AIDS-defining condition in 5% to

89111128129 \Whilst mortality from an initial episode of one of these

130,131

37% of patients

conditions is now quite low as the conditions are usually treatable , several other

conditions including Iymphoma84'1°9'112'132'136, wasting syndrome"6'134'136, CMV
disease '™ 373 and MAI infection'?®'®°, tend to occur at a very late stage of disease

when survival is poor.
3.1.4 The impact of HIV-related therapy

Anti-HIV therapy has to date been mainly centred around the development of
antiretroviral drugs which inhibit the replication of HIV. The first antiretroviral drug

licensed was zidovudine which has been shown to be effective in preventing the

140-142

development of AIDS in patients with symptomatic HIV infection and in delaying

death in patients with AIDS'™®.  Zidovudine may also protect against the neurological

effects of HIV'**.  However, its value in delaying the development of AIDS in

145,146

asymptomatic individuals is in doubt There is concern that the efficacy of

zidovudine is short lived"" ", that drug-resistant strains may emerge'*® and that the

147,150 Two

drug may have serious adverse effects when used for long periods of time
other antiretrovirals, zalcitabine (ddC) and didanosine (ddl), have since been developed
and are now licensed in this country for use as second-line therapies in patients in whom
zidovudine has failed. It appears that these two drugs, either alone or in combination,

may be more effective than zidovudine monotherapy in late stage HIV infection''1%,
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Prophylaxis against PCP with pentamidine, or more recently dapsone or co-trimoxazole
has been available since the late 1980s. It has been shown to be effective both in

1594157 " delaying the onset of AIDS in

primary and secondary prevention of the condition
some individuals'®®. This has resulted in an apparent increase in other conditions, both
because patients now live longer in a more immunosuppressed state, and because

P'2%121 " There is a movement towards

patients develop other conditions in place of PC
the use of prophylaxis for other conditions (including candidiasis, MAI, CMV disease and
toxoplasmosis), although concerns about the development of resistance and adverse
drug interactions has meant that the use of prophylaxis for some of these conditions is

less widespread.

3.2 The cohort

The demographic details of the cohort are shown in Table 3.1. Patients were mainly
from the non-manual social classes or were long-term unemployed. Almost all patients
suffer from severe haemophilia A, although a small number of patients with mild or
moderate haemophilia A, haemophilia B and vWD are also included. The age of the

patients at the time of seroconversion ranged from 2 to 77 years (median 22.6 years).

In all further analyses, haemophilia type will be categorised as ‘Severe A’ or ‘other’,
social class as ‘non-manual’ (I/lI/lII-N) or ‘manual’ (IlI-M/IV/V), and age at
seroconversion will be split into four groups defined by the quartiles of the distribution.
Patients with severe haemophilia A tended to be younger at the time of seroconversion
than those with other disorders (median ages of 21.4 years and 26.8 years respectively,
p=0.03, Wilcoxon test). There was also a tendency for older individuals to seroconvert
earlier than younger (p=0.07, Kruskal-Wallis test). There were no other apparent

associations between these demographic factors.

3.3 Seroconversion dates

As part of routine haemophilia care, a serum sample is taken and stored on all
individuals at each visit to the centre. It has been possible to retrospectively test these

stored serum samples for HIV seropositivity.

All patients in the cohort have at least one sample which gave a positive HIV serology.
These samples were taken between October 1979 and December 1987 (median June
1983).
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Table 3.1 : Demographic details of patients in cohort

Number %
Social Class I/l (Professional/managerial) 36 32.4
[1I-N (skilled non-manual) 24 21.6
[11-M (skilled manual) 5 4.5
IV (unskilled manual) 7 6.3
V (long-term unemployed) 38 34.2
not known 1 0.9
Haemophilia Severe A 101 91.0
Mild/Moderate A 7 6.3
B 1 0.9
vWD 2 1.8
Age at seroconversion 0-10 13 11.7
11-20 38 34.2
21-30 32 28.8
31-40 13 11.7
41-50 5 45
51-60 6 5.4
61- 4 3.6
Median age 22.6 years
Range 2.1-77.8 years

Sixty-three of the patients also had at least one sample which produced a negative HIV
test result at some stage before their positive result. In these 63 patients, the dates of

last negative tests range from March 1979 to March 1985 (median March 1982).

The date of HIV seroconversion was estimated to be half-way between the dates of the
last negative and first positive HIV test results. The first documented seroconversion in
a haemophilic patient in the UK was a member of this cohort in whom both negative and
positive HIV test results were available from samples taken within a week of each other.
The date of seroconversion of this patient, October 1979, has therefore been used as a
marker of the introduction of HIV into blood supplies in the UK and in patients in whom
no negative HIV test result was available (48 patients) dates of seroconversion were
estimated using this as the date of the last negative test. By April 1985 all concentrates
used to treat patients were heat-treated. Therefore, the assumption was made that
seroconversions would take place within 3 months of this date at the latest (July 1985).
In those patients with a positive test result after July 1985 (12 patients without a negative

test, 3 patients with a negative testz the date of first positivity has been set at July 1985.

befere Sy 1935
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Estimated dates of seroconversion for all 111 patients are shown in Figure 3.1. The last
estimated date of seroconversion was in May 1985, a patient in whom the last negative
test result was from March 1985. The impact of the 12 patients without a last negative
test result and in whom the first positive test was taken after July 1985 is clearly seen,

with a distinct group of patients whose estimated date of seroconversion is August 1982.

Figure 3.1: Estimated dates of seroconversion for all patients in the cohort
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As the estimated date of seroconversion is taken to be midway through the interval
between the last negative and first positive test results (or assumed dates), estimates
are subject to a maximum possible error equal to half the width of this ‘seroconversion
interval’. In the 63 patients with a last negative HIV test, the maximum possible error
ranged from 3.5 days to 1.29 years (median 23 weeks)# Among all patients, 80% are

subject to an error of less than 2.5 years (median seven months). .
* ﬂrﬂagw K patitiro wotout o lagk Mguj've\-egv, Hag Mowmuon peesole
el wged Erom Ay davp o -5 yeows (medown R.3% yeon).
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3.4 Progression of HIV disease

3.4.1 Pre-AIDS HIV-related conditions

Over the follow-up period a total of 93 patients in the cohort developed at least one of
the five conditions studied whilst AIDS-free, or developed AIDS, with the most common
first events being bacterial infections and skin complaints (Table 3.2). Kaplan-Meier
estimates suggest that patients develop their first indication of HIV infection (either one
of the above conditions or AIDS) a medwan of 6.8 years after seroconversion (Figure
3.2). By 11.8 years after seroconversion, 50% of HIV infected individuals who have
remained AIDS-free would have developed bacterial infections connected with their HIV
infection, and by 12.5 years, 50% would have developed skin complaints (Figure 3.3).
However, even after 14 years, only 11.9% of patients alive and free of AIDS would have

previously had herpes zoster and 10.4% thrombocytopenia (Table 3.2).

Table 3.2 : HIV-related conditions witnessed in cohort, Kaplan-Meier estimates of the
proportion of individuals (and 95% confidence intervals) developing each condition by 14

years after infection.

Event No. % % with 95%
condition by confidence
14 years interval
Bacterial infections 45 42.3 75.3 55.7-94.9
Skin complaints 41 39.6 59.6 429-76.4
Oral candida 23 225 28.5 17.5-39.4
Herpes zoster 11 11.7 11.9 5.0-18.8
Thrombocytopenia 9 8.1 10.4 3.8-17.0
Any HIV-related condition | 82 73.9 94.3 84.9 - 100.0
AIDS 47 56.5 39.5-73.6
Death 45 40.5 46.9 356-582 |

CD4 counts measured within 6 months of the development of each HIV-related event
are shown in Figure 3.4. The first event tends to occur while the CD4 count is around
340 cells/mm3, although patients with a first episode of herpes zoster, for example, tend
to have a relatively high CD4 count and those with oral candida tend to have lower
counts. As only the first episode of each condition prior to AIDS is recorded, the CD4

counts shown will be higher than those among all patients developing such conditions.
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Figure 3.2

Kaplan-Meier plot showing the cumulative progression

rate to the

development of the first HIV-related event (bacterial infection, skin complaint, herpes

zoster, thrombocytopenia, oral Candida or AIDS) according to the number of years from

seroconversion
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Figure 3.4 ; Distribution of CD4 counts in the six months prior to the development of

each HIV-related event ( X - median count)

CD4 count

(cells/mm*)

1600n
1400-
1200.
1000.
800-
600-
400-

200.

Bacterial Skin Thromb. Oral Herpes AIDS First Death
Infections Complaints Candida zoster HIV-related
event

Figures 3.5 and 3.6 show Kaplan-Meier plots of the cumulative progression rates to each
of these conditions, according to the patients lowest CD4 count measured prior to the
event. This method estimates the risk of developing each condition before the CD4
count falls below any level, taking account of the CD4 count measured in all patients, not
only those in whom the condition develops®®®. Using this approach, the first HIV-related
event tends to occur once the CD4 count has fallen below 220/mm” on average®
although individual condition types show much more variability. Table 3.3 contains a
summary of the progression rates to each condition whilst the CD4 count remains above

certain levels.
3.4.2 AIDS

A total of 47 patients in the cohort have developed AIDS, representing a Kaplan-Meier
progression rate of 56.5% by 14 years after HIV seArch:ocr:\'/)é?gizan f|ngt;4euvrcieL 3.7,s Tat-)leb3.2)<'
and a median time to the development of AIDS of 13.1 years. Two-yearly progression
rates to AIDS are summarised in Table 3.4. The median CD4 count measured in the 6
months prior to AIDS is 80 cellsimm”* (Figure 3.4) although four patients developed

AIDS whilst their CD4 count was at levels of 500 cellssmm” and above.
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Figure 3.5 : Kaplan-Meier plot showing the cumulative rate of progression to the

development of the first HIV-related event (bacterial infection, skin complaint, herpes

zoster, thrombocytopenia, oral Candida or AIDS) according to the minimum CD4 count

measured
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Figure 3.6 : Kaplan-Meier plot showing the cumulative rate of progression to the

development of each HIV-related condition prior to AIDS according to the minimum CD4

count measured.
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Table 3.3 : Kaplan-Meier estimates of the proportion (%) of cohort developing each

condition according to the minimum CD4 count measured

Progression by a CD4 count of (cells/mm?) :

Condition 500 400 300 200 100 0
Bacterial infections 3.9 9.9 254 33.9 454 52.1
Skin complaints 4.7 6.8 11.3 27.9 42.5 52.6
Oral Candida 1.0 3.0 5.3 10.9 249 36.9
Herpes zoster 2.8 3.8 4.9 10.7 14.2 14.2
Thrombocytopenia 1.0 1.0 20 5.0 9.9 12.8
Any HIV-related 11.9 21.2 35.9 58.0 81.3 89.1
condition

AIDS 1.9 4.9 7.0 111 29.3 100.0
Any HiV-related 11.9 23.2 37.5 60:3 87.5 100.0
event

Death 4.6 6.6 7.6 11.6 17.7 87.2

Figure 3.7 : Kaplan-Meier plot showing the cumulative rate of progression to AIDS

according to the number of years from seroconversion
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Table 3.4 : Two-yearly Kaplan-Meier progression rates to AIDS and death

Progression to : AIDS Death
By ; 2years 0.9% 2.7%
4 years 3.7% 5.4%
6 years 14.7% 10.8%
8 years 27.8% 21.6%
10 years 39.9% 33.1%
12 years 44 1% 43.9%
14 years 56.5% 46.9%

When CD4 count information on all patients is considered (Figure 3.8), however, it is
clear that the risk of developing AIDS is very low until the count falls below 150
cells/mm” at which stage the risk increases dramatically. By the time of the

development of AIDS the count has fallen to 30 cells’'mm” on average (rrecu<xo

The initial AIDS-defining conditions witnessed in the cohort are shown in Figure 3.9.
PCP is the most common condition, with 18 of the 47 patients developing this as their
initial AIDS-defining condition. Lymphoma (5 patients), oesophageal Candida and
wasting syndrome (4 patients each) were all seen in a small number of patients as an

initial AIDS-defining condition.

To date there have been 44 subsequent AIDS-defining conditions among the 47 men.
Whilst PCP was still the most common subsequent condition, MAI (9 episodes) and
CMV disease (5 episodes), are seen much more frequently once the patient has already

developed AIDS.
3.4.3 Death

45 of the patients in the cohort have died, a Kaplan-Meier death rate of 46.9% by 14
years after HIV serocg;nrgcz‘:rsi?gn "Figureé'a?mO,tcht’;Iégc&Z and 3.4). 38 patients had a
diagnosis of AIDS at the time of death, the remaining 7 patients died prior to AIDS (liver
failure/cirrhosis [3 patients], suicide, cerebral haemorrhage, vomiting following a fit and
cancer). Both suicide and liver failure’®”® may be HIV-related. Hence, of these 45

deaths, 42 (93%) may be said to be HIV-related.
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Figure 3.8 : Kaplan-Meier plot showing the cumulative rate of progression to AIDS

according to the minimum CD4 count measured
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Figure 3.9 : Initial and subsequent AIDS-defining conditions witnessed in the cohort
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Figure 3.10 : Kaplan-Meier plot showing the cumulative rate of progression to death

according to the number of years from seroconversion
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Pre-terminal CD4 counts in the patients were very low, with CD4 counts prior to death
MNWS a madon of 30 @ilsmm> (Figure 3.4). When using CD4 information on all
patients, the results suggest that the risk of death is very low until the CD4 count drops

below 50 cells/mm3 (Figure 3.11).

In those patients who have developed AIDS and who have died, the median survival
time from AIDS diagnosis is only 5§ months (range 0 to 5.07 years). Whilst this appears
to be very short, 10 of the patients (mainly those who were diagnosed early in the
epidemic when clinicians had little experience of AIDS) received their AIDS diagnosis
posthumously, or at death. In patients with a non-zero survival time, the median survival
was higher at 15 months. Tha.se madhioon SuUVwod Humas ase hikely 1o be an
wndesestimate of e Frie e duoin swivived afteroon Aios duaoiyos 1S as oy
QR onyybesed on parenB Lo howe died .
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Figure 3.11 : Kaplan-Meier plot showing the cumulative rate of progression to death

according to the minimum CD4 count measured
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The death rate after AIDS in patients with PCP as their initial AIDS-defining condition (18
patients) is much lower than in those with other conditions (29 patients, p=0.01, Table
3.5). The death rate was also significantly higher in patients who were older at
diagnosis, than in younger patients (p=0.03). Higher death rates were also seen in
those diagnosed early in the epidemic, in those with a lower CD4 count and in those who
had used zidovudine prior to the development of AIDS, although these differences were

not significant.

3.5 The effect of pre-AIDS HIV-related conditions on progression of HIV

disease

In order to study whether the development of pre-AIDS conditions were associated with
more rapid disease progression, each condition was included in a proportional hazards
regression model as a time-dependent covariate. For each condition, a covariate was
set to zero until the patient developed the condition, when the covariate was set to 1

thereafter.
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Table 3.5 : The death rate after AIDS diagnosis, stratifying by initial AIDS-defining
condition, calendar year of diagnosis, age at diagnosis, CD4 count at diagnosis and

zidovudine usage prior to diagnosis.

AIDS Deaths Patient- Deathrate p-value
cases years of per 100
follow-up patient
years

Initial AIDS-  PCP 18 14 39.07 35.83
defining
condition

Other 29 24 29.62 81.03 0.01

conditions
Calendar Prior to 1989 | 25 24 41.51 57.82
year of AIDS
diagnosis

1989 22 14 27.18 51.51 0.33

onwards
Age at AIDS <32 23 16 41.00 39.02

>32 24 22 27.69 79.45 0.03
CD4 countat >80 /mm3 19 14 37.38 37.45
AIDS

<80 /mm3 22 18 29.52 60.98 0.17
Zidovudine No 31 26 52.30 49.71
usage prior
to AIDS

Yes 16 12 16.39 73.22 0.28

Table 3.6 shows the relative hazards associated with the development of each of the
conditions. The development of bacterial infections, skin complaints and oral candida

are all associated with a more rapid progression to AIDS.

There are a number of possible explanations for these findings. Pre-AIDS HIV-related
conditions may occur as a consequence of immunosuppression and do not have any
further effect on disease progression. Alternatively, they may have a direct detrimental
effect on the patient’s condition, leading to further disease progression. By adjusting for
the underlying level of immunosuppression, it is possible to assess which of these two

explanations is more likely. This analysis will be discussed in Chapters 5 and 6.
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Table 3.6 : Relative hazards (and 95% confidence intervals) associated with the
occurrence of pre-AIDS conditions for the development of AIDS. The occurrence of

each condition is treated as a time-updated covariate in the Cox proportional hazards

model.
Progression to : Relative hazard 95% confidence interval
Bacterial infections 2.16 (1.11-4.19)
Skin complaints 2.37 (1.21 - 4.64)
Oral candida 442 (2.16 - 9.04)
Herpes zoster 0.65 (0.16 - 2.68)
Thrombocytopenia 1.26 (0.39 - 4.12)
First condition _ 4.01 (2.00 - 8.06)

3.6 iscussion

3.6.1 The study of haemophilic patients

In the UK, patients with haemophilia seroconverted to HIV very early in comparison to
patients from other exposure categories. The availability of stored serum samples for
patients in the cohort means that the date of seroconversion can be estimated
accurately for many of these patients and therefore haemophilic patients are an ideal
group to use for studying the natural history of HIV infection. Further, drop-out from the
study is low as patients depend on treatment for their haemophilia. However,
haemophilic patients differ in a number of demographic and clinical respects to HIV
positive patients infected through other transmission routes. These differences may be

relevant when comparing results on disease progression from different studies.
3.6.1.1 Age differences

The age spread of HIV positive patients with haemophilia is much wider than that seen
in other groups of patients. The youngest patient in the cohort was only 2 years old at
the time of seroconversion and the oldest 77 years. In contrast, cohorts of drug users

2 and cohorts of homosexual men tend to be older'® than this

tend to be younger16
group of patients, and there are unlikely to be many very old or very young individuals in

these cohorts.
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3.6.1.2 Social class differences

Individuals infected with HIV are likely to suffer a downward drift in economic well-being

1% However, cohorts may differ in

as increasing illness renders them unable to work
social class at seroconversion before any effect of HIV disease progression is apparent.
Because of the risk of bleeding, haemophilia patients are often restricted to non-manual
jobs and in severe cases of disability, some patients cannot work at all. Consequently
there is a social class pattern in the cohort which is in contrast to that seen both
amongst the general non-haemophilic population, where the vast majority of individuals

are in the skilled manual and non-manual social classes'®°.

Social class may be associated with differences in smoking habits, diet, alcohol
consumption, family support or quality of accommodation, all of which may be directly
related to HIV progression. However, it is likely that the most important way in which
social class may have an effect on HIV disease progression is through differential
access to health care. Whilst in the UK, access to health care remains largely
independent of income, in most states of the USA this is not the case. In cohorts where
patients are seen regularly for treatment irrespective of their financial status, effects of
social class differences may not be apparent. However, the relationship between social
class and disease progression is likely to be more pronounced in the general population
or in cohorts where clinical care is not routinely carried out as part of the study, with
patients of a lower social class having less access to care than those of higher social

class.

3.6.1.3 Differences in other characteristics

Both continued sexual behaviour''®

and continued injecting drug misuse'®” have been
suggested by some authors as a factor in more rapid disease progression. The number
of sexual partners and frequency of unprotected sexual intercourse is likely to be lower
in haemophilic men than in cohorts of homosexual men and IVDUs. Injecting drug
misuse is not a major concern in this cohort. However, haemophilic patients were
potentially exposed to viral and microbacterial contaminants when treated with
intermediate-purity concentrates. As the use of these concentrates has been shown to

168,169

lead to a depression of the immune system , their use may possibly speed up the

progression of HIV disease in these patients.
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3.6.2 Estimation of seroconversion dates

The mid-point method has been used to estimate the dates of seroconversion in this
cohort. This is a simple method which makes very few assumptions about infection
dynamics. Other methods for the estimation of seroconversion dates which allow for an

33,48

increasing risk of infection over time have been suggested. Darby™™", using a method

suggested by Brookmeyer and Goedert'’’, used a two-stage method where
seroconversion was assumed to occur uniformly over three time intervals. The date of
seroconversion was then estimated as the expected value from the distribution of
seroconversion dates conditional on the seroconversion interval for the individual
patient. In a comparison of this method, the midpoint method and a method based on
the assumption that the distribution of seroconversion times came from a truncated
Weibull distribution (again allowing for an increased risk of infection over time), Chiarotti

jro1m suggested that the choice of the estimation method had only a small effect on

et a
the overall results. If the use of the midpoint method Ileads to any such systematic bias
in seroconversion date estimates, the error is unlikely to be more than a few months, an
error which is of little importance for a virus with an average incubation period of 13
years or more and which is unlikely to have any large impact on clinical practice or on

our knowledge of HIV pathogenesis.

When using this midpoint method, it is assumed that high and low risk individuals are
tested for HIV positivity at the same frequency46, implying that blood samples are drawn
at roughly the same frequency for each patient. Individuals with severe haemophilia
may attend the centre more frequently for clinical review and may therefore have blood
stored more frequently than those with mild or moderate haemophilia. It is possible,
therefore, that dates of infection will be estimated sooner and more accurately in severe
haemophilic patients. Any relationship between the incubation period and severity of
haemophilia which results from this differential estimation of seroconversion dates may
lead researchers to erroneously conclude that there is a direct causal link between

haemophilia status and the development of AIDS.

July 1985 was chosen as the last possible date for HIV seropositivity. It is possible that
a small number of patients either received contaminated products after this date
(because they had a supply of product at home which they used) or some patients
infected by the last few batches of non-heat-treated concentrate in March 1985 had not
seroconverted by July 1985. However, even if the assumed last possible date of HIV
seropositivity were changed to October of that year (allowing 6 months for

seroconversion), seroconversion dates would only be altered by a maximum of 1.5
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months in a very small number of individuals. Hence this choice of date is unlikely to

have a large impact on estimated progression rates.
3.6.3 The incidence of clinical disease prior to AIDS

A comparison of the results from the many studies which have considered the incidence
of clinical disease prior to the development of AIDS is difficult due to differences in the
measure used (incidence/prevalence), in study designs (cross-sectional/longitudinal)
and in the times from seroconversion when patients are studied. The cumulative
incidence of any condition has been quoted to lie between 50% 5-6 years after
seroconversion'’? and 74% when the cumulative incidence of conditions was considered
over an arbitrary six month period of infection®>.  Both authors included
lymphadenopathy as one of the conditions studied. As this is not thought to be
prognostic for the development of AIDS®1688283 it \was not recorded in this cohort of

patients, and therefore the results are not comparable.

Reported prevalence rates of seborrhoeic dermatitis from cross-sectional studies vary

from 8% to 34%°%"'7*'5. Oral candida has been shown to occur in 3-6% of HIV positive

87,175,176

patients in cross-sectional studies although Matis et al noted that its prevalence

varied according to the stage of disease, with only 4% of non-AIDS patients but 35% of

173

those with AIDS having developed the condition'*”. In a recent longitudinal study, Lifson

et al suggested that 26% of individuals would develop oral candida by 5 years after
seroconversion®. Quoted rates of herpes zoster from cross-sectional studies range

78 to an incidence rate of 29.4 per 1000 patient-yearsgo.

from a prevalence rate of 1.5%
Longitudinal studies have suggested cumulative rates of 8.8% by 2 years after
seroconversion® and 30% by 12 years®®. Thrombocytopenia has been reported to

97,100

occur in 11-15% of HIV positive patients in cross-sectional studies , although results

177

from a cohort study of haemophilic patients''* suggest a much higher rate of 43% by 10

years after seroconversion. In the Royal Free Hospital Cohort, thrombocytopenia is

77 used

defined as a platelet count < 50 cellsimm?®. Both Allain’s” and Eyster's studies
a definition of a platelet count less than 100 cells/mm?® which may explain some of the
differences in the rates. Clearly there may be a wide difference in the prevalence of
these conditions in the absence of HIV infection, and the prevalence rates of these
conditions may differ by the exposure category studied'’® or the geographic area. The
results presented in this thesis represent maximum estimates of the cumulative

incidence of these conditions which result from infection with HIV.
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3.6.4 CD4 counts and the development of clinical conditions

Oral candida has been shown to be associated with low CD4 counts in a number of

8288179182 \yith a median CD4 count at the time of diagnosis of 300-400

183
82,99 a

studies

cells/mm?® % Bacterial infections®, skin complaints'®® and thrombocytopenia re
all increasingly prevalent at lower CD4 counts, findings which are broadly consistent with

the results in this thesis.

Two methods were used to assess the relationship between the CD4 count and the
development of HiV-related events. Firstly, the patient's most recent CD4 count
measured in the six months prior to developing the condition was studied. As patients
are seen every 3-6 months, most patients are expected to have at least one CD4
measurement within this period. However, some patients, possibly those who were less
il and who may have had higher CD4 counts, were excluded from the analysis. Hence,
the median CD4 count for the patients who attended during the six months prior to the
condition may underestimate the ‘true’ CD4 level. A problem with this approach is that
information is only used on those who actually develop the condition, and therefore no
assessment of the risk associated with a declining CD4 count can be made. The
Kaplan-Meier approzach159 uses information on the minimum CD4 count measured in all
individuals although the minimum CD4 count measured may itself be a biased estimate

of the true underlying level of immunodeficiency.
3.6.5 The development of AIDS

On average AIDS develops 13.1 years after seroconversion in this cohort. Figure 3.12
and Table 3.7 contain summaries of progression rates found in a selection of published
studies using similar methods to those in this thesis. Estimates of the HIV incubation
period from published studies of non-haemophilic patients vary widely, although much of
this variation can be explained by different follow-up periods. The median incubation

189,191,193,195,197

periods reported of 8-10 years are still, however, a couple of years

shorter than that found in this cohort.

There does not appear to be any large differences in progression rates of non-
haemophilic cohorts, although progression rates from haemophilic cohorts do appear to

be slightly lower (Figure 3.12). In the two studies which report progression rates

separately for adults and children, an age difference can clearly be seen'%®177,

Because of the impact of prophylaxis against some of the major opportunistic infections

140-142,158
S

on the incubation period to AID , progression rates may be lower in more
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recent studies which have followed patients up after the introduction of such therapies.
The Royal Free Haemophilia cohort, which follows patients for up to 15 years after
seroconversion, is one of the longest followed groups of HIV infected patients. Chiarotti
et al'”" have suggested that increased follow-up leads to a longer estimate of the
median incubation period, possibly explaining the lower progression rates in these
patients. The authors do not suggest reasons for this, but the availability of prophylaxis

may contribute to this finding.

Figure 3.12 : Progression rates to AIDS from published studies
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Table 3.7 : Summary of cumulative progression rates to AIDS from other published studies of HIV positive individuals

Study

Haemophilia patients
Eyster
Giesecke
Darby
Jason
Goedert
Biggar

Ragni
Schinaia
Eyster

Chiarotti

Transfusion recipients
Giesecke
Msellati

Homo/bisexual men

Jason
Hessol
Munoz
Schechter
Biggar
Rutherford

Ref
No.

67
172
33
184
68
108

185
186
177

171

172
187

184
188
189
84
108
53

Year of
publication

1987
1988
1989
1989
1989
1990

1990
1991
1993

1994

1988
1990

1989
1989
1989
1989
1990
1990

adults
chiidren

adults
children

Cumulative percentage
progressing to AIDS

18% by 6 years
5% by 5 years
7% by 5 years
27% by 7.5 years
25.1% by 9 years
27.3% by 7 years
19.7% by 7 years
49% by 7.5 years
12.8% by 7 years
34% by 10 years
20% by 10 years
14.9 - 17.8% by 8 years

29% by 5 years
34.2% by 5 years

33% by 7.5 years
39% by 9.2 years
21.8% by 5 years
13% by 5 years

39.8% by 7 years
54% by 11 years

Median incubation
period

10.7 years
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[able 3.7 (continued)

Study Ref Year of Cumulative percentage Median incubation
No.  publication progressing to AIDS period
Schechter 79 1990 36.6 % by 6.5 years -
Hessol 190 1990 - 6.8 years
Lifson 191 1992 - 9.7 years
Phair 106 1992 10% by 4 years -
Buchbinder 192 1994 69% by 14 years -
Veugelers 193 1994 22.9% by 5 years 8.3 years
Hogg 194 1994 42% by 10 years -
Hessol 195 1994 62% by 12 years 10.2 years
Intravenous drug users
Rezza 66 1989 17.9% by 3.5 to 4 years -
Flegg 196 1994 19% by 8 years -
Mixed cohorts
Moss 85 1989 48% by 10 years -
Sinicco 78 1993 26% by 5.5 years -
Hendriks 197 1993 50% by 9.2 years 9.2 years
Cozzo Lepri 198 1994 IVDUs/Hetero  23% by 7 years -
- men
women 25% by 7 years -




The diagnosis of AIDS is a collection of clinical conditions of differing severity and
diagnostic complexity which may occur whilst the individual is only mildly
immunosuppressed or may not be diagnosed until post mortem. Many conditions may

'8 Hence, differences in the estimated incubation period

be hard to diagnose in {VDUs
between studies may reflect differential diagnoses in different exposure categories.
Further, conditions related to HIV infection which result in significant mortality may not
always be included in the AIDS definition (e.g. liver failure due to co-infection with HCV),

possibly resuiting in a lower progression rate to AIDS in haemophilic patients.

In this cohort almost half of the patients presented with PCP as their initial AIDS-defining
condition (18/47). This proportion is higher than in other studies although confidence

limits around the estimated proportions are wide (24% to 52%) and include estimates

89.198-18 " Initial AIDS-defining conditions may differ between

113,200 |118

from most other cohorts

110,128,178,199

exposure groups , and gender , racial’'® and geographic differences'?

have also been suggested. As Kaposi's Sarcoma is almost non-existent in haemophilic
patients, the proportion presenting with PCP may be expected to be larger than in
studies including homosexual men. However, since the incidence of Kaposi's Sarcoma
as an initial AIDS-defining condition appears to be declining in other exposure

110,117,119

categories , this difference may be less marked in the future.

CMV and MAI, seen rarely as an initial AIDS defining condition in this cohort, but quite

frequently as a subsequent diagnosis, are also seen late on in infection in other

StUdieS1 29,137,201 )

3.6.6 CD4 counts at the time of AIDS

At the time of an AIDS diagnosis, CD4 counts were 80 cells/mm3 on average. In other

studies, median CD4 counts at diagnosis range from 100 to 190 cells/mm3 5288.135.180

3 69,199

with around 85% having a count below 200 cells/mm In addition to Kaposi's

Sarcoma, lymphoma, extrapulmonary tuberculosis and HIV encephalopathy have been

110,202

shown to occur at higher CD4 counts than other conditions If the frequency of

these diagnoses varies between studies, then CD4 counts at the time of diagnosis may

89110 Partly as a result of the use of prophylaxis and

also be expected to vary
antiretroviral therapies which delay the onset of AIDS'"%'4%5%'%7 CD4 counts at the
time of AIDS diagnosis are thought to be dropping over time'1%120136 - H4owever, some of
this effect may also be because in cohorts where patients are infected around the same
time, those who develop AIDS at higher CD4 counts will develop AIDS sooner than

those developing AIDS at low CD4 counts. Consequently, the CD4 count at AIDS will
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appear to drop over time. The effect of prophylaxis and antiretroviral therapies on the
incidence rates of clinical events in this cohort is of interest and has been studied,
although is not included in this thesis. Two published papers which consider the effect

203204 are included in Appendix Il and

of therapies on the incidence of clinical conditions
suggest that whilst there has been little change in the incidence of conditions at high
CD4 counts over time, there has been a reduction in the incidence of new AlIDS-defining

events (particularly PCP), oral candida and herpes zoster at low CD4 counts.

3.6.7 Survival

Whilst the incubation period from seroconversion to death is not affected by inconsistent
diagnoses, it has been studied by far fewer authors than the AIDS incubation period.
The median period between seroconversion and death has been reported to range
between 10.6 and 12.3 years'®*?% with between 8 and 18% of individuals dying by 5
years after seroconversion'® '™ and a 33% death rate by 10 years after
seroconversion'®. As few clinicians continue to monitor CD4 counts after AIDS,

preterminal CD4 counts are rarely reported.

Median survival times after AIDS are reported to be between 5 and 20

111,114,115,124,132,133,194,198,206-210 r202.211 although
. )

months Three year survival is poo
survival does appear to be increasing'32202208:210.212 ' 4,a to both improved clinical care
and earlier diagnosis of AIDS. There is little evidence that survival is improving in this
cohort, although the number of cases diagnosed is small and follow-up continues on
many of the patients diagnosed since 1989. Survival may be related to the initial AIDS-
defining condition'"®1"8213.  those with Kaposi's Sarcoma or oesophageal candida have

)
|12.136.214

good surviva whereas those with wasting syndrome, lymphoma and MAI have

poorer survival’®'. As in this cohort, a diagnosis of PCP is usually associated with longer

1213215 and improvements in survival have mainly been seen in patients with

surviva
pcpti4.136212 indicating that the treatment for PCP is improving. In this cohort,
improved survival rates were seen in those who were younger at diagnosis, those with
higher CD4 counts and those who had not received zidovudine prior to their AIDS
diagnosis. Whilst these differences were not significant the differences were large and
in the direction expected given other published research. In general, older individuals
have a poorer expected survival than younger individuals'11114.132.133.206.207,216-218
although this may be due to the fact that different age groups present with a different
range of AIDS-defining conditions®”’ which may have different prognoses. A higher CD4
count at diagnosis is usually associated with a better prognosis''52%721821°  The

association between zidovudine use and survival has also been shown in other
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202209 and could reflect differences in the clinical status of patients at AIDS

studies
diagnosis - those who required zidovudine prior to AIDS may have been more ill than
those who did not receive the drug. Alternatively, the effect of zidovudine may be of
limited duration, and those patients who have received zidovudine prior to AIDS may

have already experienced any benefit in delaying progression to AIDS.

In this cohort, ten patients received their AIDS diagnosis at or after death as a result of
information available from post-mortem. In general, patients with zero survival reported
in other studies tend to be patients who have less access to care and who therefore
present late in infection??®. However, in this cohort, all patients have equal access to
care and these patients are simply those who were diagnosed early in the epidemic
when the experience of AIDS was limited. There is the potential for bias when including
these patients in the analysis of survival as they do not represent the true natural history
of HIV infection, but an artefact of delayed diagnosis. However, even if these cases are

excluded, the results are essentially unchanged.
3.6.8 The effect of clinical conditions on disease progression

Some oral manifestations of HIV infection (oral candida, oral hairy leukoplakia) have
been shown to be associated with progression to AIDS in a number of studies®’9%193221,
In those who develop oral candida, AIDS develops between 219 and 790 days
later™ 182222 with 62% developing AIDS by 2 years after oral candida'’’. Consistent with
these reports are the findings in this study that oral candida is associated with a more
rapid progression to AIDS. There are reasons why one may expect an association
between oral candida and progression to AIDS; oral candida may spread to the

223 or oral candida may lead to difficulty in

oesophagus to form oesophageal candida
eating and the development of wasting syndromezz"‘, both of which are AIDS-defining
conditions. However, it may be possible that the association between oral candida and
disease progression in this cohort reflects the fact that individuals with these conditions
are more immunosuppressed and will progress to AIDS more rapidly than those without

the condition. This will be discussed further in chapters 5 and 6.

Thrombocytopenia has been reported to increase progression to AIDS in one study67 but
not in others1°°, findings which again may be explained by differences in the definition of
thrombocytopenia used. Similarly, herpes zoster has been found to be associated with a
more rapid disease progression in one study®! but not in others®®"#2%2%  This has not
been shown in this study, although the incidence of skin complaints and bacterial

infections do appear to be associated with progression to AIDS, findings which have not
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previously been shown in other studies. The presence of bacterial infections may
indicate deficiencies in B-cells, which was one of the earliest noted abnormalities in
patients with AIDS??’. Whether these conditions simply reflect individuals who are

experiencing more severe immunosuppression will be discussed in Chapters 5 and 6.
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CHAPTER 4 : CO-FACTORS AND THEIR EFFECT ON HIV DISEASE PROGRESSION

4.0 Summary of contents

In this chapter, the relationships between five co-factors recorded in the cohort (calendar
year of seroconversion, age, social class, haemophilia diagnosis and CMV serostatus)
and disease progression will be investigated. For each of the factors studied, Kaplan-
Meier plots are used to illustrate the relationship between the studied factor and clinical

outcome and Cox proportional hazards models are used to quantify this relationship.

4.1 Literature review

A co-factor can be defined as a factor which influences disease progression in some
way. The wide inter-person variability of the HIV ‘incubation period’ suggests that co-
factors may exist which interact with HIV to increase the rate at which AIDS develops. It
is important to identify such co-factors. Some are potentially modifiable and knowledge
that these affect disease progression may be of benefit to patients. Others may not be
modifiable, but knowledge of their effect on disease progression may provide information

about HIV pathogenesis and prognosis.
4.1.1 Potential co-factors

Potential co-factors for HIV infection fall into four main categories : patient
demographics, behavioural factors, haemophilia-related factors and viral or other

infectious agents.
4.1.1.1 Demographics

Demographic factors include patient age, race, social class, educational background and

gender.

In general older individuals are likely to experience more rapid disease progression and
shortened surviva|>>8477:195:208:222.228230  p5\vever, some authors question whether age

is an important cofactor®®172:231:232

or whether age is more important during early HIV
infection®*®, or for progression to different AIDS conditions®*. The role of age may be
related to other potential co-factors, such as longer exposure to other viral agents, and

in haemophilia patients, longer exposure to clotting factor concentrates.
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Racial differences are commonly studied in cohorts from the USA where the number of
individuals from different racial backgrounds is usually large enough for comparisons to
be made. Blacks and Hispanics may have shorter incubation periods and survival from
AIDS than whites?2%235:2% although this is likely to reflect poorer access to care®¥.

88,188

When length of infection is controlled for, this effect often disappears suggesting

that these individuals tend to present at a later stage of infection.

Social class and educational background are usually related to disease progression
through access to health care, diet, alcohol consumption and drug use. However, it has
been suggested that there is some effect of social class on disease progression which
cannot be explained by differences in either access to health care or educational

backgroundm.

Gender differences have been suggested239 with the suggestion of a more rapid
progression to AIDS in women than men'® and shorter survival after AIDS?'%%20233,
This may reflect poorer access to health care in women?*®, but it may also reflect the

possible effects of pregnancy®*', or domestic violence®*? on disease progression.
4.1.1.2 Behavioural characteristics

Patient behavioural characteristics include HIV exposure category, sexual activity,

injecting drug misuse, smoking, diet and alcohol consumption.

Unfortunately, many cohorts are made up of patients from one exposure group only.
Comparisons of exposure groups may involve comparisons of different cohorts, and thus
confounding with other factors (for example geographic or age differences) is present.
Differences in progression rates by exposure category have been suggested, although
the results are rarely consistent’ 108163172184, 240243245 - Thege differences, if they exist,
may be explained by differences in the distribution of other co-factors, such as agem, or

exposure to other infectious and viral agents.

Increased numbers of sexual partners, especially anal receptive partners, have been

84,106,166
S .

found to be associated with a more rapid progression to AID Continued

187 although there is little consistent evidence

88,246

injecting drug use has also been studied

that continuing injectors have a more rapid disease progression than ex-injectors

Tobacco smoking has been shown to have a positive effect on the immune system of

the smoker®*"2*8. \Whilst smokers experience a higher rate of most ilinesses®®, smoking

107 0

and oral lesions®°. However, the

may be protective against both Kaposi's Sarcoma
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effect of smoking on HIV disease progression has not yet been confirmed?3'251252 gng
any positive benefit for smokers to the immune system is unlikely to last for long after

infection®4®.

As some AIDS-defining conditions are seen in HIV negative patients deficient in

253 nutritional factors may be expected to have an effect on

particular dietary nutrients
disease progression. Increased levels of vitamins B and C and niacin are associated
with slower progression of disease whilst high levels of other nutrients, including zinc,
are associated with more rapid progression to AIDS®**. The effect of weight on disease
progression has also been studied®'®*, although its study is problematic due to its role
as both a co-factor and a marker of progression of HIV disease. The few published

studies into alcohol consumption have shown no consistent effect on HIV disease'%%%",

4.1.1.3 Haemophilia-related factors

It is thought that exposure to clotting factor concentrates may have an effect on disease
progression in a number of ways. Exposure to a larger quantity of clotting factor
concentrates could result in a larger overall virus innoculum and possibly reinfection with
different strains of HIV after initial infection. As a small effect of concentrates on the

168,169 continued exposure to

immune system is seen in uninfected haemophilic patients
clotting factor concentrates which contain other viral contaminants may have a
detrimental effect on the immune system. Haemophilia severity may be related to
exposure to clotting factor concentrates or exposure to a higher innoculum of virus at the
time of infection. Concentrate usage and severity and type of haemophilia have all been
suggested as co-factors ‘% although studies which have considered these factors have

not found any effect on disease progression’2-3368:225.25

4.1.1.4 Viral / infectious agents

There are many ways in which a virus may interact with HIV to speed progression to
AIDS®**’.  However, it is important to distinguish these from a virus acting in an
opportunistic manner, with the HIV infected individual being more likely to become
infected with the virus, or to experience a reactivation of a previous infection, as their
immune system deteriorates. There is little agreement in published studies about the
effects of viral agents in vivo however. Cytomegalovirus (CMV) is a herpesvirus which
has been shown to transactivate HIV in vitro. Whilst AIDS has been shown to occur
primarily in those with high levels of antibody to CMV?®®, CMV serostatus may not be

862.259-261

predictive for the development of AID . Hepatitis B virus (HBV) has also been

shown to transactivate HIV and some studies suggest a relationship between markers to
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106.252.262263 githough results in the literature do not

62,22
§82.225

HBV and disease progression

consistently find any relationship with the development of AID

The presence of sexually transmitted diseases has been suggested to hasten
progression to AIDS'®'%  Some viruses have been shown to lead to illness in patients
with HIV, including human herpesvirus 62°*2%° and possibly a viral agent related to the
development of Kaposi's Sarcoma'?’. These have been suggested as potential co-

factors in HIV infection.

4.2 Calendar year of seroconversion

In the Royal Free Hospital Haemophilia Cohort, patients were stratified according to
whether their estimated date of seroconversion was in 1979-1980 (25 patients), 1981
(21 patients),1982 (40 patients) or 1983 onwards (25 patients). Kaplan-Meier plots
showing progression to the three endpoints stratified by year of seroconversion are
shown in Figure 4.1 and progression rates are summarised in Table 4.1. Significant
differences are seen in progression to AIDS (p=0.02) and to death (p=0.04), but only a
marginally non-significant difference is apparent for progression to the development of
the first HiV-related event (p=0.07, log-rank test). A higher progression rate is seen in

those who seroconverted prior to 1981, and those who seroconverted in 1983 of later.

The year of seroconversion was added to a Cox Proportional Hazards model as a
categorical variable. In comparison to those who seroconverted in 1979 and 1980, there
was no evidence of any significant difference in the hazard of the development of AIDS
in any of the three groups (Table 4.2). However, the relative hazards were consistent
with the findings from the Kaplan-Meier analysis, with a lower risk in those
seroconverting in 1981 and 1982 but a raised risk in those seroconverting later. The
addition of interaction terms with the log of time to test the appropriateness of the
proportionality assumption suggested that the effect of seroconverting in 1983 or later
became less marked with increased time from seroconversion (p=0.008, Table 4.3).
Results were similar for progression to death although there was no evidence of any
significant change in the relative hazards over time. Progression to the first HIV-related
event was significantly higher in those who seroconverted most recently although the
hazards associated with seroconverting in 1981 and 1983 onwards both appear to

decrease over time.
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Figure 4.1 : Kaplan-Meier plots showing the cumulative proportion of infected patients

progressing to (i) AIDS, (i) death and (ill) the first HIV-related event, according to the

number of years from seroconversion. Patients are stratified into four groups on the

basis of the calendar year in which they were estimated to have seroconverted
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Table 4.1 : Numbers developing (i) AIDS, (ii) dying and (iii) an HIV-related event (skin complaint, bacterial infection, herpes zoster, thrombocytopenia,
oral candida or AIDS) by 1st January 1994. Kaplan-Meier progression rates to AIDS, death and the first HIV-related event by 14 years, unless
otherwise stated.

(i) Progression to AIDS

AIDS

Number  Number Median time to Cumulative

of of events progression proportion

patients (years) developing AIDS
Calendar year of
seroconversion
1979-1980 25 16 10.87 67.3
1981 21 6 - 29.3 (13.0 yrs)
1982 40 12 - 31.7 (11.8 yrs)
1983-1985 25 13 8.60 54.9 (10.8 yrs)
p-value 0.02
Age at seroconversion
<17 27 8 13.10 67.0 (13.4 yrs)
>17,<226 29 12 13.11 50.3
> 226, <31 27 14 10.87 53.1
> 31 28 13 7.85 50.3 (13.9 yrs)
p-value 0.06
Social class
Non-manual 60 23 13.11 54.4
Manual . 50 23 11.58 54.7 (13.9 yrs)
p-value 0.23
Haemophilia type ‘
Severe A 101 43 13.10 58.2
Other 10 4 - 41.7
p-value 0.92
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(i) Progression to death

Death
Number  Number Median time to Cumulative
of of events  progression (yrs)  proportion dying
patients
Calendar year of
seroconversion
1979-1980 25 13 11.78 52.0
1981 21 7 - 38.8 (13.0 yrs)
1982 40 13 - 36.4 (11.8 yrs)
1983-1985 25 12 - 49.6 (10.8 yrs)
p-value 0.04
Age at seroconversion
<17 27 4 - 24.0 (13.8 yrs)
>17,<226 29 9 - 314
>22.6, <31 27 13 12.49 59.1
> 31 28 19 7.89 71.4 (13.9 yrs)
p-value 0.0001
Social class
Non-manual 60 22 - 37.7
Manual 50 23 11.78 60.5 (13.9 yrs)
p-value 0.21
Haemophilia type
Severe A 101 41 - 46.9
Other 10 4 - 42.9
p-value 0.95




69

(ii) Progression to first HIV-related event

HIV-related event

Number Number Median time to Cumulative
of of events progression (yrs)  proportion
patients developing HIV-
related event
Calendar year of
seroconversion
1979-1980 25 23 7.92 5.7
1981 21 16 7.20 76.2 (13.0 yrs)
1982 40 34 6.81 89.4 (11.6 yrs)
1983-1985 25 20 4.56 80.0 (10.8 yrs)
p-value 0.07
Age at seroconversion
<17 27 20 8.04 80.5 (12.7 yrs)
>17,<226 29 26 7.47 100.0 (13.7 yrs)
>226,<31 27 25 5.87 100.0 (13.2 yrs)
> 31 28 22 5.20 82.7 (13.9 yrs)
p-value 0.05
Social class
Non-manual 60 53 7.05 100.0 (13.7 yrs)
Manual 50 39 6.43 83.3 (13.9 yrs)
p-value 0.82
Haemophilia type
Severe A 101 84 5.87 100.0 (13.2 yrs)
Other 10 9 6.82 93.5 (13.8 yrs)
p-value 0.62
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Table 4.2 : Relative hazards and 95% confidence intervals from Cox proportional hazards model associated with progression to AIDS, death and the
first HIV-related event

AIDS Death HIV-related event
Relative 95% p-value | Relative 95% p-value | Relative 95% p-value
hazard Confidence hazard Confidence hazard Confidence
Interval Interval Interval
Calendar 1979-1980 |1 - - 1 - - 1 - -
year of 1981 0.47 0.18-1.23 0.13 0.58 0.23-145 024 0.94 0.49-1.80 0.85
seroconversion 1982 0.53 0.25-1.15 0.11 0.73 0.33-1.60 0.43 1.39 0.80-2.41 0.24
1983-1985 | 1.55 0.72-3.33 0.26 1.92 0.84-438 0.12 2.03 1.10-3.78  0.02
Age at (per 5 yrs) 1.20 1.10-1.32 0.0001 |1.35 1.23-148 0.0001 | 1.13 1.06-1.22 0.0006
seroconversion
Social class Non-manual | 1 - - 1 - - 1 - -
Manual 1.42 0.80-2.55 0.23 1.45 0.81-2.60 0.21 0.95 0.63-1.44 0.82
Haemophilia Severe A 1 - - 1 - - 1 - -
type Other 0.95 0.34-265 0.92 1.03 0.37-288 0.95 1.20 0.59-2.41 0.62
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Table 4.3 : Tests of significance for non-proportionality (p-value for the inclusion of an interaction term with the logarithm of time from seroconversion
into the Cox proportional hazards model)

AIDS Death HIV-related event

Calendar year of 1979-1980 - - -
seroconversion 1981 0.11 0.84 0.04

1982 0.16 0.26 0.41

1983-1985 0.008 0.14 0.006
Age at seroconversion (per 5 years) 0.02 0.77 0.16
Social class Non-manual - - -

Manual 0.95 0.87 0.06
Haemophilia type Severe A - - -

Other 0.42 0.96 0.95




4.3 Age at seroconversion

Age was initially stratified into four age groups, defined by the quartiles of the distribution
of patient ages at seroconversion. The effect of age as a continuous variable was then

studied using the Cox proportional hazards model.

Older individuals appeared to have a higher risk of AIDS in the first few years after
seroconversion than younger individuals (Figure 4.2). However by 14 years after
seroconversion progression rates were similar and differences between the groups were
marginally non-significant (p=0.06, log-rank test, Table 4.1). Figure 4.3 suggested that
there was evidence for lack of proportionality in the hazard rates over time. When fitted
as a continuous variable in the Cox model, a five year increase in age at seroconversion
resulted in a 20% increase in the hazard of AIDS (p=0.0001, Table 4.2). However, as
there is significant evidence of non-proportionality in the estimate (Table 4.3) this should
be viewed as an 'average' relative hazard; the relative hazard is higher at the time of

seroconversion but declines over time.

As expected, increased age was very strongly associated with survival (Figure 4.2). By
13.8 years after seroconversion only 24% of those under the age of 17 years at
seroconversion ouR estimated to have died compared to 71.4% of those over the
age of 31 years (p=0.0001, log-rank test, Table 4.1). Whilst there is a visual suggestion
of non-proportional hazards, with the lines moving slightly closer together over time
(Figure 4.3) there was no evidence of this when formally tested in the Cox Proportional
hazards model (p=0.77 for interaction term). An increase of 5 years in age is associated
with a 35% increase in the hazard of death in the Cox model (p=0.0001, Table 4.2).

Age was strongly associated with progression to the first HIV-related event (Figure 4.2).
Median times to the onset of the first HIV-related events were 8.0 years in those under
the age of 17 years at seroconversion compared to 5.20 years in those over the age of
31 years (p=0.05, log-rank test). Whilst there is strong evidence of non-proportionality
when fitted as a categorical variable (Figure 4.3), when considered as a continuous
variable in the proportional hazards model this effect disappeared (Table 4.3). A five
year increase in age at seroconversion was found to be associated with a 13% increase
in the hazard of developing the first HIV-related event (p=0.0006, Table 4.2).

The addition of an age-squared term did not improve the fit of any of these three modeis.
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Figure 4.2 : Kaplan-Meier plots showing the cumulative proportion of infected patients

progressing to (i) AIDS, (ii) death and (iii) the first HIV-related event, according to the

number of years from seroconversion.
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Figure 4.3 : A plot of the log(-log(estimated survival probability)) against the log of time
for progression to (i) AIDS, (i) death and (ill) the first HIV-related event. If the
assumption of proportionality is appropriate, the lines for each of the groups should be

approximately parallel.
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4.4 Social class

For the purposes of this analysis, patients have been grouped into non-manual (I/1l/111-N)
and manual (llI-M/IV/V) social classes. The median times to development of AIDS are
13.11 years and 11.58 years in non-manual and manual workers respectively, although
overall there are no differences in progression rates to AIDS (p=0.23, log-rank test,
Figure 4.4). By 14 years after seroconversion only 37.7% of non-manual workers oure
estimated to have died compared to 60.5% of manual workers by 13.9 years. Despite
this difference in cumulative rates at 14 years there is no significant difference in the
survival curves over the whole time period (p=0.21, log-rank test). Social class appears
to have little effect on progression to the first HIV-related event, with median times of
7.05 years and 6.43 years in non-manual and manual workers respectively (p=0.82, log-
rank test). The assumption of proportional hazards seems reasonable for progression to
all three endpoints (Table 4.3).

4. Haem ilia Diagnosi

Because of the small numbers of individuals without severe haemophilia A the power to
detect any difference if one exists is very small and Kaplan-Meier plots have not been
included for this variable. Progression rates to AIDS, death and the first HIV-reIated
event are similar in those who suffer from severe haemophilia A to others. In particular,
58.2% of those with severe haemophilia A would have developed AIDS by 14 years after
seroconversion compared to 41.7% of those with other conditions (p=0.92, log-rank
test). 46.9% of those with severe haemophilia A are estimated fo have died
compared to 42.9% of those with other conditions (p=0.95, log-rank test). Finally,
median times to the development of the HIV-related first event are 6.82 years and 5.87
years in those with severe haemophilia A and those with other conditions respectively
(p=0.62, log-rank test). No evidence of non-proportionality is seen (Table 4.3), although

the power to detect this is very smali.

4.6 CMV status

Antibodies to CMV were measured on early blood samples from 109 of the 111 (98%)
patients in the cohort of whom 59 (54%) were found to be CMV-seropositive. A
comparison of the CMV-seropositive and CMV-seronegative patients in the cohort with

respect to their demographics is shown in Table 4.4.
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Figure 4.4 : Kaplan-Meier plots showing the cumulative proportion of infected patients

progressing to (i) AIDS, (ii) death and (iii) the first HIV-related event, according to the

number of years from seroconversion. Patients are stratified into two groups according

to whether they are from a manual (bold line) or non-manual (dotted line) social class
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Table 4.4 : Comparison of CMV-positive and CMV-negative patients in cohort

CMV-positive CMV-negative p-value”

Number of patients 59 50
Calendar year of 1979-1980 15 9
seroconversion 1981 10 11

1982 20 19

1983-1985 14 11 0.75
Age at seroconversion Median 25.6 18.7

Range 40-77.8 21-73.0 0.0006
Social Class Non-manual 32 27

Manual 27 22 0.93
Haemophilia type Severe A 52 46

Other 6 4 0.95

Age at seroconversion - Wilcoxon test. All other variables - Chi-squared test.




CMV-seropositive patients were older at seroconversion but did not seroconvert to HIV
any earlier or later, on average, than those who were CMV-seronegative, suggesting
that CMV does not predispose patients to infection. No other associations between

CMV status and demographic factors were apparent.

Kaplan-Meier plots showing progression to the three endpoints stratified by CMV status
are shown in Figure 4.5. Individuals who are CMV-seropositive have a faster
progression rate to AIDS and to death than those who are CMV-seronegative. Whilst 14
year progression rates are similar in the two groups, median times to development of
AIDS are 9.86 years and 13.11 years in those CMV-seropositive and -seronegative
respectively (p=0.03, log-rank test, Table 4.5). CMV serostatus is significantly
associated with survival (p=0.01, log-rank test) with 60.4% of those who are CMV-
seropositive but only 33.0% of those CMV-seronegative estumated to die by 14 years
from seroconversion. Proportional hazards models suggest that individuals who are
CMV-seropositive have a relative hazard of developing AIDS of 1.92 and of death of
2.23 (Table 4.5). CMV status does not, however, appear to have any effect on
progression to more minor HIV-related events, with progression rates and median times
to the first HIV-related event being similar in both groups (p=0.32, log-rank test). There

is no evidence of non-proportionality on progression to any of the three endpoints.

The fact that CMV-seropositive patients tend to be older than CMV-seronegative
patients could explain some of these differences in progression rates to AIDS and death.
The use of proportional hazards models to estimate the relative hazard of CMV after
adjusting for age differences (as a continuous variable), suggests that whilst some of the
effect can be explained by age differences, there remains a raised, although non-

significant, relative hazard to both endpoints (Table 4.5).

4.7 Discussion

A number of factors which may be related to HIV disease progression and which were

available from patient records have been studied in this cohort.
4.7.1 Calendar year of seroconversion

Interestingly, patients who seroconverted in 1979 and 1980 and those who
seroconverted from 1983 onwards, had a higher risk of progression to all three
endpoints. The most obvious explanation for increased risk of AIDS in those who
seroconverted early is that clinicians had very little experience of HIV infection at that

stage, HIV had not been identified and consequently patient survival was poor.
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Figure 4.5 : Kaplan-Meier plots showing the cumulative proportion of infected patients

progressing to (i) AIDS, (ii) death and (iii) the first HIV-related event, according to the

number of years from seroconversion.

Patients are stratified according to whether they

are CMV-seropositive (bold line) or CMV-seronegative (dotted line)
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Table 4.5 : The effect of CMV serostatus on progression to AIDS, death and the first HIV-related event

Progression to: AIDS Death HlIV-related event
CMV CcMv CMV cMvV CMV CcMV
positive  negative | positive negative positive negative
Number of events 30 17 31 14 51 42
Kaplan-Meier analysis
Median progression time (yrs) 9.86 13.11 11.26 - 6.39 7.07
Proportion progressing* 55.5% 55.4% 60.4% 33.0% 100.0% by  100.0% by
13.7years  13.2 years
p-value (log-rank test) 0.03 0.01 0.32
Cox proportional hazards models
Unadjusted Relative hazard 1.92 2.23 1.23
95% confidence interval 1.06 - 3.50 1.19 - 4.21 0.82-1.86
p-value 0.03 0.01 0.32
p-value : test for non- 0.96 0.77 0.13
proportionality
Adjusted for age Relative hazard 1.61 1.70 1.16
95% confidence interval 0.88-2.96 0.90 - 3.21 0.77 -1.75
p-value 0.13 0.10 0.49

By 14 years after seroconversion unless otherwise stated.




Many patients did not have the opportunity to receive antiretroviral and prophylactic
therapies.  Further, these patients may have been those who received the most
unheated clotting factor concentrates. After infection, these patients could have been
exposed to infected concentrates for 4 or 5 years and may have been exposed to
different viral strains of HIV. There is evidence that some strains of virus are more
pathogenic than others"®®), although it is not known whether early strains were more
pathogenic. Unfortunately, we do not have information on the viral strain with which
patients were initially infected and as computerised yearly concentrate usage records did
not begin at the Centre untii 1980, no information is available on the amount of

concentrate received in the year of seroconversion in those who seroconverted earliest.

Such explanations for an increased risk in those infected early in the epidemic do not,
however, lend themselves for the higher hazard seen in those infected from 1983
onwards. Improved diagnostic methods and a changing AIDS definition™”° may have
resulted in an earlier diagnosis of AIDS, which would have most effect on those
seroconverting most recently, although progression to death should be unaffected.
Whilst biases in the estimates of seroconversion dates are small (see Chapter 3), more
frequent blood testing from 1982 onwards means that the possibility of biased estimates
of seroconversion dates which partly explain the differences in progression rates cannot

be ignored. Fu/tKa'-H* s CKCU-€s+ TWa.

SKkYxxu ruanvitoOLf o f se/ccoo iAS'S .
4.7.2 Social class

In this study, social class was not associated with disease progression. As discussed in
Chapter 3, if the effect of social class on HIV progression is due to differences in access
to care, then we would not expect to find large differences in progression rates in this
cohort. Two other studies have shown effects on progression which are related to social
class. Amongst the patients from the Vancouver Lymphadenopathy AIDS Study

those who progressed to AIDS or death rapidly were less likely to have finished
secondary school and to have a higher social status. Downward social drift as a result
of disease progression, could not explain these differences. Kerlikowske® also found

that low household income was weakly associated with death.
4.7.3 Haemophilia type and severity

If continued exposure to intermediate purity clotting factor concentrates is related to HIV
disease progression, then haemophilia type and severity may be expected to be related
to disease outcome. Studies of Italian haemophilic patients"®®"®" have repeatedly found

that patients with haemophilia B had a faster progression rate to AIDS than those with
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haemophilia A, although this difference was not statistically significant. In contrast, four

3368.225.2% 4| found no difference in progression rates between patients with

studies
haemophilia A and B, and also found no effects of haemophilia severity on disease
progression. In this study, no effects were found on disease progression, aithough the
power to detect such differences was small. The finding of an increased rate of
progression in patients with haemophilia B would be consistent with our findings that
patients infected later in the epidemic had a faster progression rate to AIDS. In the UK,
patients with haemophilia B tended to be infected later on in the epidemic, as they were
not treated with concentrates imported from the USA. Unfortunately, haemophilia
diagnosis and calendar year of seroconversion are confounding factors in this cohort.
However, it may be possible to study the independent effects of these factors in some

other haemophilia centres where commercial factor IX was used earlier.
4.7.4 Age at seroconversion

The finding that increased age at seroconversion was associated with disease
progression was expected. Many other authors have also found age to be associated

33,64,67,185,186,222,228,230

with disease progression Most of these studies included

haemophilia patients who have a wide age range. Studies which have not found an

62.188.231,232.288 5r0 often made up of other exposure

effect of age on disease progression
categories who have a narrower age range. |t has been suggested that the increased
risk due to age is mainly explained by a very high risk in individuals over the age of 40 at

187 or possibly due to the very poor survival seen in babies if infected in

seroconversion
utero®®®. Consequently, studies which follow young adults (e.g. IVDUs) may well not
detect an age effect. Whilst results from other studies suggest that a quadratic
relationship with age may be appropriate, a linear effect of age on progression appears
to be adequate in this cohort with no evidence of an increased risk in the very young.
This is consistent with findings from one other studym. However, this is perhaps not

surprising as the children in the cohort were not infected in utero.

It is unlikely that age is a determinant of disease progression but it may be a marker for
some characteristic which enables younger patients to cope with the pathological effects
of HIV infection. For example, younger tissues are able to repair damage more rapidly.
Alternatively, the immune system may deteriorate more rapidly in older individuals. This
will be investigated further in Chapter 5. One of the assumptions of the proportional
hazards model is that the effect of covariates on disease progression does not change
over time (i.e. ‘proportional’ hazards). If this assumption is violated, as appears to be

the case for age, then any adjustment for age to the effects of other factors in the model
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may not be accurate. The finding that the detrimental effect of increasing age on
disease progression diminishes with time has not been described in other studies.
Mariotto et a>® found, however, that there was a greater effect of age on progression
from seroconversion to severe symptomatic disease, than from symptomatic disease to
the development of AIDS. A recent study234 suggested that age was only related to
progression to neoplasms and not to other AlIDS-defining conditions. This is surprising
as the predominant neoplasm in their study was Kaposi’'s Sarcoma, and haemophilia
patients, in whom the greatest age effect is often seen, very rarely develop Kaposi's

Sarcoma.
4.7.5 CMV serostatus

The study of the effect of CMV infection on HIV disease progression is problematic as
almost all homosexual men and IVDUs infected with HIV are co-infected with CMV. As
CMV is transmitted by the cellular component of blood, it is not transmitted by clotting
factor concentrates and the prevalence of antibodies to CMV in haemophilia patients is
similar to that seen in the general populationm. The effect of CMV status can therefore

be studied in this cohort.

We have previously published papers suggesting that there is a detrimental effect of
CMV-seropositivity on progression to AIDS?%?"!  However, the findings presented in
this thesis benefit from an extra five years of follow-up with sufficient deaths to allow an
analysis of survival to be carried out. Over time, the relative risk associated with CMV-
seropositivity has reduced in size and become non-significant after adjustment for age
differences. However, the risk remains raised and suggests an almost doubling in the
hazard of AIDS. A number of other studies have reported findings about the effect of
CMV positivity on HIV disease progression. Three fairly small studies?®®?"22"3 have
considered the effect of CMV on progression to symptomatic HIV infection and AIDS
and found no significant effect of CMV on progression. A recent study among
haemophilia patients in the USA, however, offers the most convincing evidence for a
lack of effect of CMV serostatus on disease progressionzm. The patients are of a similar
age range to the patients in this cohort and antibodies to CMV were measured in the
Department of Virology at the Royal Free Hospital under standardised conditions.
Different patient recruitment and differences in the prevalence of other unidentified
factors which may be confounded with CMV infection may explain the differences
between these studies. As the finding of an increased risk associated with CMV

seropositivity has been a consistent finding in this cohort, it seems likely that there may
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have initially been some effect of CMV serostatus on disease progression, which was

possibly limited in duration.
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CHAPTER 5 : THE CD4 LYMPHOCYTE COUNT AND ITS RELATIONSHIP TO HIV
DISEASE PROGRESSION

5.0 Summary of contents

In Chapter 4 | considered the role of co-factors in HIV infection. In Chapters 5 and 6 |
shall consider the role of laboratory markers of progression. Markers of progression can
be distinguished from co-factors in that they do not necessarily influence disease
progression. However, they indicate how ‘il a patient is and are therefore useful for
disease staging. They may include laboratory markers or the presence of certain clinical
conditions. In this chapter | shall consider the role of the CD4 count in HIV infection. |
shall describe the pattern of the CD4 count throughout infection and will assess its value
as a prognostic marker. Finally, | will begin to assess the effects of missing values and
variability on the value attributed to the CD4 count as a prognostic marker. This topic

will be further discussed in Chapter 7.

5.1 Literature review

Lymphocytes are central to the body’s immune system. T-lymphocytes with the CD4
marker (CD4 lymphocytes) provide help for antibody production and co-ordinate immune
responses to antigenic stimulation. They play an important role in the amplification of
immune responses through the release of cytokine mediators which are important in the
growth, function and differentiation of the cellular immune system?’#?’®. it is the CD4
lymphocytes which appear to be the main target of HIV infection, and their loss appears

to account for a major part of its immunosuppressive effect.

260,277-280

The CD4 count declines during HIV infection , with death usually occurring when

the CD4 count is close to zero?%®275281,

In uninfected individuals, a natural decline in CD4 counts is seen in children up to the

482 Counts tend to be slightly depressed in uninfected haemophilic patients

73.74

age of 1

Other minor differences are thought to exist
[283-285

compared to the general population

between different racial groups and by gende

CD4 levels may drop rapidly in the months following infection with HIV?22%. They then

usually return to near normal levels before dropping at an average rate of around 50 to

80287291 - AIDS occurs on average once the CD4 count has fallen

3 110,135,180

80 cells/mm?® per yea

to around 50-150 cells/mm Some authors have suggested that there is a
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more rapid rate of CD4 decline immediately prior to AIDS?®%2  Others have suggested

that no such effect exists?®%?%

, and that possibly the reverse is seen, with a gradual
slowing in the rate of decline at low levels®’. There is a wide variability in individual rates
of decline, and differences have been attributed to both exposure category®®® and

age®®.  Whilst the CD4 count is the best marker of disease progression currently

51,180

available to clinicians , it does not, however, fully explain differences in the rate of

disease progression, and some individuals remain AIDS-free for long periods of time

with low CD4 counts®®.

The CD4 count is a very variable measurement®? being affected by both diurnal

295297
95 274 and

variation and seasonal fluctuations®™®. Further, both storage methods
exercise?®® can lead to changes in the count. This has led some authors to question

whether the absolute CD4 count is the best marker to use®*°.

5.2 CD4 counts over infection

CD4 lymphocyte subsetting began at The Royal Free Hospital in December 1982 and
routine blood tests are performed on patients every 3-6 months where possible. By the
end of 1993, a median of 20 CD4 counts had been measured on each individual (range

1 - 63 counts per patient).

For each patient means of the CD4 counts measured within each 6 month period after
seroconversion were calculated. Figure 5.1 shows the changing distribution of these
means over time. A decrease in the average CD4 counts over time can clearly be seen.
There is, however, a selective drop-out of patients who die with very low counts which

results in a flattening in the CD4 level after 6 years or so.

Multi-level modelling methods were used to assess the rate and pattern of individual
CD4 decline. Initially a simple linear model was fitted to assess whether a linear rate of
decline in the CD4 count over time was acceptable. Both the CD4 count at
seroconversion and the rate of CD4 decline were allowed to vary between patients (i.e.
random at the between-patient level). A linear model suggested that the CD4 count at
seroconversion was 809 cells/mm?® (95% confidence interval 739 to 878 cells/mm3) and
counts declined at the rate of 64 cells/mm® per year (95% confidence interval 54 to 74
cells/mm?® per year) on average. However, the standard deviations of both these
parameters were large (348 and 49 respectively), suggesting that individual CD4

patterns varied considerably about this average slope.
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Figure 5.1 : The medians and interquartiie ranges of the means of all CD4

measurements taken within each six-monthly period after seroconversion
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The addition of a random quadratic term resulted in a significant improvement in fit (p <
0.00001), indicating that rather than decline at a constant rate over time, the rate of CD4
decline gradually decreased as time increased. CD4 counts at seroconversion were
now estimated to be 971 cells/mm® on average, the linear coefficient was estimated to
be -121 and the quadratic coefficient was estimated to be 4.6 (Table 5.1). Again, high
standard deviations of the three coefficients (459, 112 and 7 respectively) suggested
large between-patient differences. Plots of the average curves generated from the
mean values for both the linear and quadratic model for the untransformed CD4 counts
are shown in Figure 5.2(i). The effect of the quadratic coefficient can clearly be seen in
this plot. Whilst CD4 counts would fall below zero by around 12.5 years after
seroconversion, on average, under a linear model, they would be expected to remain at

higher levels above 200 cells/mm?® by this time under the quadratic model.

One of the problems with modelling the untransformed CD4 count is that values
estimated from the model can be negative. In order to avoid this situation, a further
analysis of the pattern of CD4 decline over infection was performed after taking a square
root transformation. As CD4 counts are more variable early after seroconversion, this

also serves to partly stabilise the variation over time.
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Table 5.1 : Final model coefficients from multi-level modelling of the CD4 count

Fixed parameters Random
variances/covariances
Mean 95% confidence | Intercept Time Time?
interval
Untransformed
CD4

Intercept | 971.3 871.5t01071.1 | 211,100 - -
Time | -120.6  -147.0t0-94.2 -41,770 12,580 -

Time? 46 27t06.4 2088 -757 55
Square root CD4
Intercept| 30.9 29.0t0 32.9 74.8 - -
Time -2.1 -2.8t0-1.4 -18.8 8.0 -
Time? | 0.01 -0.04 to 0.07 1.1 -0.5 0.05

The inclusion of a linear rate of decline for VCD4 over time (random at between-patient
level) was highly significant (p<0.00001). The addition of a random quadratic coefficient
for YCD4 also explained a significant amount of variation between patients (p<0.00001)
although the overall mean coefficient was not significantly different from zero (p=0.35),
suggesting that whilst VCD4 counts declined in a quadratic manner in some individuals,

there was no consistent pattern to this.

Results from the final fitted model are shown in Table 5.1. The mean VCD4 at
seroconversion was estimated to be 30.9 with the VCD4 count dropping at a mean rate
of 2.1 per year and with a small positive quadratic coefficient of 0.01. Whilst the CD4
count is expected to be 955 cellss/mm? at the time of seroconversion, therefore, by 12.5
years after seroconversion it is expected to have fallen to 39 cells/mm?® on average
(Figure 5.2(i)) . However, there is wide variation between the patients in the cohort with
JCD4 counts at seroconversion ranging between 13.9 and 47.9 in 95% of patients
(absolute counts of between 193 and 2290 cells/mm®), and rates of VCD4 change

ranging between a drop of 7.6 per year and an increase of 3.4 per year.

Much of the variation in YCD4 counts at the time of seroconversion may be explained by
the fact that at this time CD4 measurements are only available for a small proportion of
individuals and therefore the mean estimate is based on information only from these

individuals. This wide variation in individual CD4 patterns is illustrated in Figure 5.2(ii).
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Figure 5.2(i) : ‘Average’ patterns of CD4 change over Infection generated from the
models estimated using multi-level modelling methods, (i) Untransformed CD4 count,
linear model - continuous line, (ii) untransformed CD4 count, quadratic model - dotted
line, (iii) VCD4 count - dashed line.
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Figure 5.2(ih : Estimated CD4 patterns for each patient in the cohort after modelling the

square root of the CD4 count using multi-level modelling methods
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There was a high level of correlation between the parameter estimates. For example,
individuals with high CD4 counts at the time of seroconversion tend to have more rapidly
declining CD4 counts (correlation = -0.77) and a higher quadratic coefficient (correlation
= 0.57).

The within-individual variation for VCD4 was studied further and can be described by the

equation
44.5 + (10.4 x time) - (1.0 x time?) + (0.03 x time®)

So, for example, at seroconversion the within-individual variation for a patient's CD4
count is estimated to be 44.5. However, by 10 years after seroconversion this has
increased to 78.5. Hence, after taking a square root transformation the amount of
variation in the YCD4 measurement generally increases over the first 15 years after
infection. In relative terms, although absolute counts become less variable over time,
the relative variability in the CD4 count actually increases, i.e. a 50 cell/mm?® variation
when the CD4 count is only 100 cells/mm?® represents a much larger, relative, variation

than a 100 cell/mm? variation whilst the CD4 count is around 600 cells/mm?.

Multi-level modelling methods were used to assess whether any of the demographic and
clinical factors described in Chapters 3 and 4 (age group, calendar year of
seroconversion, haemophilia type, and CMV serostatus) had an effect on either the CD4
count at seroconversion or the rate of CD4 decline. Increased age was associated with
a lower CD4 count at the time of seroconversion (estimated values of 1079 cells/mm? in
those aged < 22.6 years at seroconversion compared to 802 cells/mm?® in those aged >
22.6 years at seroconversion, p=0.00003) but no effect of age on the rate of CD4
decline was apparent. No other factor was associated with either an increased CD4

count at seroconversion or a more rapid rate of CD4 decline.

53 The prognostic value of the CD4 count

In order to assess short-term prognosis (i.e. over the typical length of time between CD4
measurements), the patients' most recent CD4 count was incorporated into a Cox
proportional hazards model as a time-updated covariate. Results are shown at the top
of Table 5.2.
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Table 5.2 : Relative hazards and 95% confidence intervals from the Cox proportional hazards model for progression to (i) AIDS, (ii) death and (iii) the
first HIV-related event. The CD4 count has been included in the model as a time-updated covariate as an untransformed variable, and transformed

using both the log and square root transformations.

Transformation  Progression to : Relative 95% p-value  Test of non- Wald

hazard confidence proportionality Chi-
interval (p-value) square

None AIDS 1.83 1.63-2.19 0.0001 0.005 43.02
(per 100 Death 1.68 1.40-2.00 0.0001 0.0001 32.33

cell/mm?® drop)

HIV-related event 1.27 1.14-140 0.0001 0.05 20.67

Log AIDS 1.43 1.31-156 0.0001 0.12 66.41
(per 1 log drop) Death 1.48 1.36-1.62 0.0001 0.59 76.70
HIV-related event 2.76 2.09-3.64 0.0001 0.19 51.62

Square root AIDS 1.78 1.56-2.03 0.0001 0.33 71.81
(per 1 unit drop) Death 1.74 1.51-2.01 0.0001 0.02 55.96
HIV-related event 1.42 1.26 - 1.61 0.0001 0.07 33.25




The value of the CD4 count as a short-term prognostic marker is clear with an 83%
increase in the hazard of developing AIDS per 100 cel/mm? drop in the CD4 count
(p=0.0001). The CD4 count similarly predicts death (p=0.0001) and the development of
the first HIV-related event (p=0.0001) in the short-term.

Two assumptions have been made when fitting the CD4 count in the proportional
hazards model as a time-updated covariate. Firstly, the relative hazard associated with
a given drop in the CD4 count is assumed to remain constant over time (‘proportional
hazards’). Secondly, the CD4 count is assumed to be related to the hazard of AIDS in a
log-linear way. For example, the relative hazard associated with a drop from 600 to 500
cells/mm3 is the same as that for a drop from 100 to O cells/mm3. As an individual is
increasingly likely to experience disease progression once the CD4 count has fallen to
very low levels, this assumption may not be appropriate. Transformation of the CD4

counts before entering into the model may address these issues.

In order to test the assumption of ‘proportional hazards’, an interaction term between the
CD4 count and the logarithm of time was added to the model. If this is significant then it
would suggest that the effect of a drop in the CD4 count is changing over time. With the
untransformed CD4 counts there is substantial evidence of non-proportionality (Table
5.2) for progression to all three endpoints. Square root and logarithmic transfdrmations
of the CD4 count were taken, and the analysis repeated (Table 5.2). Whilst there was
some suggestion of non-proportionality in hazards over time when the square root of the
CD4 count was taken the log transformation appears to have been successful in
removing all suggestion of non-proportionality. Further, the use of the log transformation
appeared to give well fitting models (as shown by the high Wald Chi-squared values) for
each endpoint. On the basis of these findings, all further analyses will be performed

after taking the log transformation of the CD4 count.

54 CD4 decline as a prognostic marker

In order to assess whether the rate of CD4 decline is as or more important in
determining patient prognosis, than a patient's most recent CD4 count, both the current
and previous CD4 counts were included in the model as time-updated covariates. The
addition of the previous CD4 count provided some additional prognostic information for
the development of AIDS (Table 5.3). However, it added little prognostic information for
progression to the development of the first HIV-related event and none for progression

to death.
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[able 5.3 : Relative hazards from the Cox proportional hazards model associated with a one unit drop in the log of the patient's previous CD4 count

and with a 100 cell/mm? per year drop in the rate of CD4 decline for progression to (i) AIDS, (ii) death and (iii) the first HIV-related event

Progression to :

AIDS Death First HIV-related event
Relative 95% p- Relative 95% p-value | Relative 95% p-value
hazard confidence  value |hazard confidence hazard confidence
interval interval interval

Most recent CD4 1.13 1.02-1.25 0.02 1.45 1.27 - 1.66 0.0001 |2.00 1.26-3.17 0.003
Previous CD4 1.11 1.00-1.23 0.05 1.04 0.89 - 1.21 0.66 1.58 094-264 0.08
Rate of CD4 decline 1.27 1.04 - 1.56 0.02 1.15 1.04-1.28 0.006 1.09 1.00-1.19 0.05
Rate of CD4 decline 1.21 1.02-1.43 0.03 1.13 1.02-1.24 0.02 1.08 098-1.19 0.14
(all counts)
Most recent CD4 1.41 1.30-1.54 0.0001 | 1.47 1.35-1.61 0.0001 |2.71 2.05-3.57 0.0001
Rate of CD4 decline 1.22 1.03-1.45 0.03 1.13 1.03-1.25 0.01 1.08 098-1.19 0.14
(< 5 years)
Most recent CD4 1.41 1.29-1.54 0.0001 | 1.47 1.35-1.61 0.0001 |2.69 2.03-3.55 0.0001
Rate of CD4 decline 1.19 1.04-1.35 0.009 |1.13 1.03-1.24 0.01 1.08 099-1.18 0.08
(< 3 years)
Most recent CD4 1.42 1.30 - 1.55 0.0001 | 1.48 1.35-1.61 0.0001 |2.68 2.03-3.54 0.0001




Secondly, an estimate of the patients’ previous rate of CD4 decline, based on all CD4
counts measured up to the current time point, was added to the model as a time-
dependent covariate. A new CD4 measurement therefore has the effect of changing
both the most recent CD4 count and the rate of decline in the model. Least squares
regression estimates for the rate of decline have been used here as given the
appropriate formula, a clinician may be able to calculate this if desired. In the absence
of the absolute CD4 count, the rate of CD4 decline predicted the development of all
three endpoints, although not as well as the CD4 count. These effects remained for
progression to AIDS and death even after adjusting for the patients most recent CD4
count (Table 5.4). However, after adjustment for the CD4 count, the rate of CD4 decline
did not provide any prognostic information for progression to the first HIV-related event.
The relative hazard associated with the most recent CD4 count was only slightly reduced
in these analyses. On the assumption that recent CD4 history is more important that
longer term history, the analysis was repeated after using only CD4 counts measured
over the previous five or three years for the slope calculation. The most recent CD4
count continued to have the most prognostic information. However, as the analysis was
restricted to more recent CD4 counts only, the value of the slope became stronger for all
three endpoints. The relationship between disease progression and the rate of CD4

decline wili be discussed further in Chapter 6.

5.5 The relationship between CD4 count and other potential cofactors

As age at seroconversion and calendar year were shown to be associated with HIV
disease progression, it is of interest to see whether their effect was mediated through
the CD4 count. After adjusting for the patients’ most recent CD4 count, only age at
seroconversion remained significantly associated with more rapid progression to AIDS
and death (Table 5.4). The calendar year of seroconversion was no longer
independently associated with disease progression after adjustment for the CD4 count,
suggesting that individuals who seroconverted either very early or very late have an

increased risk of disease because their CD4 level falls at a more rapid rate.

The development of certain clinical conditions was also shown to be associated with a
more rapid progression to AIDS in Chapter 3. In order to assess whether these
conditions were simply a consequence of increased immunosuppression, or whether the
development of such conditions was detrimental to the health of the patient, these

conditions were also included in a model after adjustment for the CD4 count (Table 5.4).
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Table 5.4 : Relative hazards from Cox proportional hazards models associated with the calendar year of seroconversion, age at seroconversion and
the occurrence of pre-AIDS HIV-related conditions both unadjusted and after adjustment for the log of the CD4 count for progression to (i) AIDS, (ii)

death and (iii) the first HIV-related event.

Progression to :

AIDS Death HIV-related event
Unadjusted Adjusted Unadjusted Adjusted Unadjusted Adjusted
Calendar year of 1979-1980 1 1 1 1 1 1
seroconversion - - - - - -
1981 0.47 0.59 0.58 0.57 0.94 0.81
(0.18-1.23) (0.22-1.58) | (0.23-1.45) (0.22-1.47) (0.49-1.80) (0.40-1.63)
1982 0.53 0.46 0.73 0.61 1.39 1.45
(0.25-1.15) (0.20-1.04) | (0.33-1.60) (0.25-1.45) (0.80-2.41) (0.82-259)
1983 - 1985 1.55 1.12 1.92 1.20 2.03 1.27
(0.72-3.33) (0.48-2.61) | (0.84-4.38) (0.44-3.24) (1.10-3.78) (0.63-2.57)
Age at (per 5 years) 1.20 1.17 1.35 1.33 1.13 1.03
seroconversion (1.10-1.32) (1.06-1.30) | (1.23-1.48) (1.19-1.49) (1.06-1.22) (0.95-1.12)
Bacterial infections 2.16 2.65 - - - -
(1.11-4.19) (1.34-5.23) - - - -
Oral candida 4.42 1.15 - - - -
(2.16-9.04) (0.41-3.24) - - - -
Skin complaints 2.37 1.96 - - - -
(1.21-4.64) (0.97 - 3.95) - - - -
First HiV-related 4.01 275 - - - -
condition (2.00-8.06) (1.30-5.81) - - - -




Both the development of skin complaints and oral candida appear to be a consequence
of more severe immunosuppression in that they became non-significant after adjustment
for the CD4 count. However, the development of bacterial infections heralds a poor
prognosis, irrespective of the patients CD4 count. In many individuals, bacterial
infections may be the first indication of their infection. Consequently, the poorer
prognosis associated with such conditions is reflected in the significant relative hazard
associated with the development of the first HIV-related event. However, even when
excluding bacterial infections from this analysis, the development of an HIV-related

condition was associated with a relative hazard of 2.50 (p=0.01, data not shown).

5.6 Time between CD4 measurements

Where possible, CD4 counts are measured every 3-6 months. However, patients
sometimes miss routine clinic visits and as CD4 counts are also measured when the
patient is admitted to hospital there is the possibility that CD4 counts will be measured
more frequently as the CD4 count itself declines and the patient becomes increasingly ill.
Currently, the CD4 count has been fitted in the proportional hazards model in such a
way that it is assumed to remain constant in the intervening period between visits.
When CD4 visits are a long time apart, the CD4 count in the model may not truly reflect

the CD4 count of the patient at any particular time point.

Table 5.5 shows the frequency with which CD4 counts are measured in the cohort. A
total of 2201 CD4 measurements have been measured on average 2.3 months apart
since 1982. However, there are considerable differences by calendar year and by the
CD4 count of the patient. As expected, the count has been measured increasingly
frequently over time and also as the CD4 count falls. At the time of an ‘event’ in a
patient in the cohort (e.g. an AIDS diagnosis) CD4 counts of patients alive at the same
time from seroconversion are more likely to be misclassified if this event occurred soon
after infection, when counts were higher and measured less frequently, than more
recently. This may have an effect on the estimate of the relative hazard associated with
the CD4 count. One method of reducing the effect of misclassification due to differences
in the frequency of measurements is to use some form of summary measure of the CD4
counts measured within certain time periods for each patient, rather than use the
individual values themselves. All patients are therefore subject to the same level of

misclassification.
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Table 5.5 : Time intervals between consecutive CD4 measurements in the cohort

Number of  Median time Range
tests interval
performed between visits
Total 2201 0.19 yrs 0.00-6.93 yrs
Calendar year upto 1985 165 0.60 yrs 0.02 -4.50 yrs
1985 - 1987 430 0.48 yrs 0.01-6.93 yrs
1988 - 1990 898 0.15 yrs 0.00 - 2.00 yrs
1991 - 1993 708 0.15yrs 0.00 - 1.56 yrs
CD4 count’ > 500 156 0.58 yrs 0.02-4.13 yrs
200-500 299 0.31 yrs 0.00 - 2.59 yrs
<200 1746 0.16 yrs 0.00-6.93 yrs
* Classified according to the first of each pair of consecutive CD4 counts

Alternatively, some rule can be invoked whereby CD4 counts are only assumed to
remain constant for a certain fixed period of time. After that time period, the individual is

temporarily removed from the risk set until a new measurement becomes available.

Table 5.6 shows the effect of incorporating the CD4 count into the Cox model in a
number of different ways. The first section of the table shows the results using the
routine CD4 measurements. Analysis 1 shows the results when all available counts are
included (as in Table 5.2) for comparison. Analysis 2 shows the results where patients
are excluded from the risk set six months after a CD4 measurement if they have not had
another measurement within this time period. In this case patients re-enter the risk set
once their next measurement becomes available. Excluding patients in this way has

little effect on the estimates of the relative hazard for progression to any endpoint.

The second section of the table shows the results obtained when six-monthly mean
values are used in place of the routine measurements. If a patient has no CD4 counts
measured within a particular six-month period, their value is initially assumed to remain
unchanged from that in the previous period (analysis 3). The use of six-monthly means
in this way leads to an increase in the relative hazards for all three endpoints from that

obtained using routine measurements.
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Table 5.6 : The effect of different inclusion methods for the CD4 count in the Cox proportional hazards model for progression to (i) AIDS, (ii) death and

(iii) the first HIV-related event. CD4 counts are included in the model after a log transformation.

Analysis Progression to :

AIDS Death HIV-related

event

1 Routine CD4 All patients included 1.43 1.48 2.76
counts 1.31-1.56 1.36-1.62 2.09-3.64

2 Exclude patients from risk set after 6 months if no CD4 1.39 1.46 2.66
count available 1.26 - 1.52 1.32 -1.61 1.95 - 3.64

3 Six monthly Keep CD4 mean at previous value if missing 1.69 1.61 2.94
means 1.48 - 1.94 1.41-1.83 2.27 - 3.80

4 Exclude patient from risk set if CD4 mean is missing 1.73 1.55 2.90
1.45-2.05 1.33-1.80 2.19-3.85

5 Estimate missing values by linear interpolation 1.69 1.61 297
1.48-1.94 1.41-1.83 2.29-3.85

6 Estimate missing values by linear interpolation and 1.78 2.04 3.01
exclude patients at the end if last values are missing 1.49-2.12 1.49-277 2.30-3.93

7 First value in six  Include all patients 1.36 1.31 1.27
month period 1.25-1.49 1.18-1.44 1.13-1.43

8 Exclude patient from risk set if first value is missing 1.41 1.46 1.28
1.25-1.60 1.24-1.72 1.10 - 1.50

9 Estimate missing values by linear interpolation 1.36 1.30 1.27
1.25-1.49 1.18 - 1.44 1.13-1.43

10 Estimate missing values by linear interpolation and 1.42 2.20 1.28
exclude patients at the end if last values are missing 1.26 - 1.61 1.50 - 3.23 1.10-1.49




Either excluding the patient from the risk set for any six month period in which he has no
values (analysis 4) or estimating these missing values by linear interpolation between
the six-monthly values which are available before and after the period of interest and
assuming that after the last CD4 measurement the CD4 average remains constant
(analysis 5) both have little further effect on the relative hazard estimate. The only large
effect on the relative hazard is seen for progression to death when values are
interpolated and patients are permanently excluded from the risk set in the six monthly
periods after their last measured CD4 count (analysis 6). This exclusion of patients has,
however, only a small effect on the relative hazards for progression to either AIDS or the
first HIV-related event, suggesting that there may be a number of individuals who do not
have CD4 counts measured during very late stage HIV disease and that for these
individuals the last measured CD4 count does not accurately reflect their CD4 count at
the time of death.

In the final section of Table 5.6 results are shown where the first CD4 count within each
six-month period is used instead of six-monthly means (analysis 7). In patients with only
one measurement every six months, these two values will be the same. For progression
to all three endpoints, the relative hazard estimate is substantially reduced from that
obtained when using routine values. The temporary exclusion from the risk set of
patients with missing values (analysis 8) or the estimation of these missing values by
linear interpolation (analysis 9) has little further effect on the relative hazard estimate.
Again, for progression to death, the exclusion of patients in the six monthly periods after
their last measurement (analysis 10) leads to a much increased relative hazard

estimate.

5.7 Variability in the CD4 measurement

Unfortunately, the CD4 count is not a perfect measure of the state of the immune
system in HIV infection. Figure 5.3 shows the measured CD4 counts for one patient in
the cohort. Whilst not a ‘typical’ patient, the plot illustrates that CD4 counts may be far
more variable soon after infection than in later years. This may be partly due to
improvements in laboratory methods over time, but may also reflect increased biological
variability in the first few years after infection, and less potential for variability at low CD4

counts when the count cannot fall below zero.

One method to reduce the effect of variability is to smooth the CD4 values before
including them in the model. Table 5.7 shows the effect of smoothing the CD4 counts in

a number of ways.
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Figure 5.3 : Measured CD4 counts in one patient in the cohort plotted against time from

seroconversion
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Table 5.7 : The effect of different smoothing methods on the relative hazard estimate for

the CD4 count in the Cox proportional hazards model. CD4 counts have been included

after a log transformation.

Progression to :

- AIDS Death HIV-related event
‘Raw’ CD4 counts 1.43 1.48 2.76
1.31-1.56 1.36 - 1.62 2.09 - 3.64
0.0001 0.0001 0.0001
Running mean of 1.20 1.14 1.37
fast 3 values 1.12-1.28 1.05-1.23 1.19 -1.57
0.0001 0.002 0.0001
Running median of 1.37 1.43 1.37
last 3 values 1.26 - 1.50 1.31-1.56 1.19 - 1.57
0.0001 0.0001 0.0001
Running minimum 1.19 1.1 1.09
1.12-1.27 1.04-1.18 1.03-1.14
0.001 0.003

0.001
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In all cases, the use of a smoothed value leads to an decrease in the relative hazard
estimates, suggesting that important information may be lost when smoothing. This will

be discussed in more detail in Chapter 7.

5.8 Discussion
5.8.1 Summary of main results

Although individual patterns vary widely, on average CD4 counts in patients in the Royal
Free Hospital Haemophilia Cohort drop rapidly in the first few years after seroconversion
and then gradually ‘flatten out’ as the count gets lower. The CD4 count appears to be a
good marker of HIV disease progression, being highly predictive of short-term
development of AIDS, death or the first HIV-related event. Further, it appears that the
rate of decline adds prognostic information for disease progression, with those
individuals with the fastest rate of decline having a worse prognosis than individuals with
the same CD4 count but a slower rate of decline. The development of clinical conditions
prior to AIDS, particularly bacterial infections, appears to herald a poor prognosis,

irrespective of the patient's CD4 count.
5.8.2 The pattern of CD4 decline over infection

One of the problems with estimating patterns of CD4 change on a group basis is that the
selective drop-out of patients with the lowest CD4 counts makes the decline appear to
be less rapid than it actually is. Thus any analysis of CD4 decline must be made on an

individual patient basis rather than at a group level.

Multi-level modelling methods* offer an attractive way to model patterns of CD4 change.
Whilst ordinary least squares regression methods can be used to model CD4 decline by
estimating a different slope and intercept for each individual, it is not an efficient method
and it does not use information about the ‘population’.  Least squares regression
estimates for individuals with few CD4 counts may be influenced by an ‘extreme’ CD4
count. Multi-level modelling methods are less influenced by these values as the
population values are taken into account. Other methods of modelling CD4 counts have

288 300

been suggested, including time series methods“™ and Markov models™", although in

general all methods produce similar results.

In this cohort, whilst the absolute CD4 count appears to become less variable over time,
in relative terms this still represents an increase in variability as the CD4 count drops.

As they allow for the explicit modelling of variation, multi-level models do not insist on
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prior transformation to stabilise this variance (as in least squares regression). However,
this can be done if desired, and the square root transformation (taken to ensure the
count remains above zero) removes some, but not all, of the dependence of the
variation on time. Other authors have suggested that the cube root®®, fourth root®® o
|og3°3

stabilise or model the variation, | have assumed that it is a function of time from

r

transformations are the most effective at stabilising the variation. In attempting to

seroconversion. It is more likely that the variation may be directly a function of both the
calendar year or the underlying average CD4 count, and only indirectly a function of the
time from seroconversion in this cohort. | am, therefore, attempting to modei the
variation on a ‘surrogate’ scale and it is not surprising, therefore, that the relationship

with time is rather complex.

One of the underlying assumptions of both the simple multi-level mcdelling approach
and linear regression methods, is that the within-individual errors at different timepoints
are uncorrelated®®. Where CD4 counts are measured very close together in time,
errors from the fitted model may well be correlated and this assumption will be violated.
An autoregressive term can be included in the model to allow for this*®. It is thought
that in this cohort sufficient time usually elapses between each measurement for errors
to be uncorrelated. | do, however, plan to study this assumption in more detail in the

future.

In this cohort there appears to be a quadratic pattern to CD4 decline over time, with
CD4 counts 'flattening out' as they get lower. We?" and others®® have previously
reported that the rate of decline was approximately linear over time. However, more
recently a number of authors have also suggested a quadratic pattern with counts

57.300.301.306.307  This move towards a quadratic decline is not

flattening out over time
totally unexpected. Improved clinical care now means that patients live for longer with
very low CD4 counts. Further, the introduction of very high purity clotting factor
concentrates for haemophilia treatment (the use of which has been reported to have the

effect of slowing the rate of CD4 decling®*®**

), may also result in a flattening of CD4
counts in haemophilic patients. Although there is wide variation between patients, there
is no consistent evidence in this cohort that counts drop more rapidly with disease

progression as has been suggested® 292310311,

The results in this chapter are consistent with findings from other published reports.
Most other studies have estimated linear rates of decline, which have been reported to
be between 6 and 116 cells/mm3 per year®'9%260.280.287-289.291 yonanding on whether

the patients have subsequently developed AIDS or not. The high variability in the
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patterns of CD4 change between patients has also been shown by Hughes et ar®® who
found that 10th and 90th percentiles for the rate of change in their study were a 40%

decline to a 22% increase in the count each year.
5.8.3 Relationship of co-factors to CD4 decline

The estimated CD4 count at seroconversion is higher in younger individuals than in older
patients in this cohort, although CD4 counts subsequently decline at a similar rate in all
patients. As CD4 counts drop naturally from birth to around 14 years of agem, this is
not unexpected. No other demographic factor studied in the cohort appears to be
related to either the initial estimated CD4 count at seroconversion or to the rate of CD4

decline.

Other studies have found that the CD4 count was not associated with age, sex or
race®?%%. However, information on the CD4 count at seroconversion is often limited and
the pattern of CD4 count change following infection®? means that CD4 counts measured
over this period may be high (just before the drop), very low (just after the drop) or
moderate (after counts have subsequently recovered). The estimated CD4 count at
seroconversion will therefore be an average estimate of counts over this period.
Further, as the date of seroconversion is often estimated, CD4 counts thought to be
measured after seroconversion may actually be measured before seroconversion.
Without very close CD4 measurements throughout seroconversion, it is not possible to

improve on these estimates.

288 or more rapidly312than

The CD4 counts of homosexual men may decline less rapidly
IVDUs. Alcabes et al found that the rate of decline was affected by the frequency of
drug injecting313 providing evidence for a faster rate of decline in drug users than in
patients from other exposure categories. Munoz et ar®® found that non-whites had a
faster rate of CD4 decline than other individuals, although after adjustment for other
factors this became non-significant. CD4 counts have been suggested to be higher in

284,285

women than men , although these differences may be explained by the fact that the

women in these studies were recruited earlier in infection than the men.
5.8.4 The prognostic value of the CD4 count

The prognostic value of the CD4 count has been well recognised for some time®'. In
cross-sectional studies CD4 counts were found to be lower in patients with
Iymphadenopathy53 and AIDS®*792%531 than in asymptomatic patients. Often CD4

counts are categorised and the relative hazards quoted assess the effect of moving from
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one CD4 category to another. Unfortunately, in doing this much information is lost and
reported relative hazards are not comparable to those from this study. In studies which
report relative hazards for non-categorised CD4 counts, relative hazards for the CD4
count as a fixed covariate at some, often arbitrary, baseline range from 1.35 to 2.5 per

61,226,251.268.315-317 * Tha routine measurement of CD4 counts means

100 cell/mm?® drop
that it is now possible to assess the role of the CD4 count as a time-updated covariate.
Phillips et ar'® reported a relative hazard of 2.47 per 100 cell/mm?® drop in the CD4
count as a time-updated covariate in a cohort of patients of different exposure
categories. Among non-haemophilia patients infected with HIV at the Royal Free
Hospital, the relative hazard per unit drop in the log of the CD4 count as a time-updated
covariate is 1.53 (Ms A Mocroft, personal communication). Raboud et a/ found a
relative hazard of 1.67 per 100 cell/mm? drop in the Toronto Sexual Contact Study317
although CD4 counts in this model were lagged by one year. These results are

consistent with those from this thesis.

The use of splenectomy as a treatment for thrombocytopenia has been shown to result

319320 " However, it is not yet clear whether the CD4

in an increase in the CD4 count
count in these patients gives an accurate measure of their immune status. In this
cohort, five patients have undergone splenectomy, and therefore have high CD4 counts
as a result. These patients have not been excluded from the analysis, although it is
unlikely that results will be much changed if they were. There remains some debate as
to whether splenectomy itself has an effect on the prognosis of the patient®123321322
The use of zidovudine has also been shown to lead to a small increase in CD4 levels.
Again, treated patients are not excluded, although analyses carried out censoring the
data before the introduction of zidovudine in 1987 (data not shown) do not lead to

146
I

substantially different results. Results from the Concorde tria and trials of very high-

323

purity clotting factor concentrates™" suggest that therapeutically induced rises in the

CD4 count may not necessarily result in a clinical benefit to patients.
5.8.5 Other markers of progression

The finding that the rate of CD4 decline adds additional prognostic information to that
provided by the most recent CD4 count alone is of interest. Saah et a?! showed that
both the CD4% and the rate of CD4% decline were associated with the development of
AIDS. However, Selwyn et af® suggested that once the absolute CD4 count was
controlled for the rate of CD4 decline was no longer associated with progression to
AIDS. Boutitie et al reported that neither of the two previous CD4 counts added any

prognostic value after adjustment for the most recent count®®'. Further, adding the rate
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of CD4 decline to a model including only the most recent CD4 count did not improve the
fit of the model. However, in this study, only three CD4 counts were available for each
patient and these were not truly ‘time-updated’. It may be argued that much of the early
CD4 information for a patient is redundant and only the slope over recent years is of
interest. When the rate of CD4 decline was calculated only over the immediate three
years prior to the time point of interest, the value of the slope becomes stronger, arguing

that early CD4 history is of less importance than recent history.

The finding that the development of an HIV-related clinical event, especially bacterial
infections, indicated a poor prognosis, even after taking account of the underlying level
of immunosuppression suggested that these events themselves may be detrimental to
the health of the patient. The presence of bacterial infections may reflect a poor immune

227

function as a result of defects in B cells®™’ which is not fully controlled for by taking

account of the CD4 count.

The studies described predominantly use the development of AIDS as a clinical
endpoint. Few studies have considered survival and hardly any have considered the
development of HIV-related clinical conditions as an endpoint. Both Whittle®** and

325 showed that the CD4 count was associated with survival. Four year survival

Ehmann
rates have been reported to range from 95% in those whose CD4 counts were higher
than 500 cells/mm3 to 32% in those whose CD4 counts were in the range 50-99
cells/mm3 2%, In contrast to the findings in this thesis, Smith et al” found that the CD4
count did not distinguish between those patients who developed symptomatic disease

and those who did not.
5.8.6 The use of the proportional hazards model

The fit of the proportional hazards model is rarely questioned in published research.
Coates et al’' found that no transformation of the CD4 count resulted in an improvement
to the fit of the model over that when untransformed CD4 counts were included. In this
study a log transformation of the CD4 count appears to be successful in removing non-
proportionality and improves the fit of the model over that of the untransformed values.
It seems intuitive that a 50 cell/mm® drop to the CD4 count has a greater impact when
the CD4 count is already low. Under this model, a decrease from 400 cells/mm?® to 200

cells/mm? has the same impact as a decrease from 100 cells/mm? to 50 cells/mm?.
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5.8.7 Problems with the use of the CD4 count

Irregular measurements are a common problem in observational cohort studies and the
time intervals between measurements are rarely constant between patients or visits.
The scope for analysing such data is more restricted than in the situation where visit
dates are more regular (e.g. in clinical trial follow-up). When methods are used which
use mean CD4 counts over regular six-monthly intervals, the relative hazard estimate is
increased, suggesting that it is important to consider a patients CD4 count history over
the past 6 months rather than simply considering only the most recent count when

making clinical decisions.

Variability in the CD4 count is a well recognised problem by clinicians who tend to take a
confirmatory count before making any clinical decision. Hoover et af** quantified the
amount of variability around the true CD4 count and showed, for example, that a patient
with a measured CD4 count of 500 cells/mm® may have a true count in the range of 297
to 841 cells/mm®. Hughes®® suggested that there was an average coefficient of
variation of 25% for the absolute CD4 count. Whilst the variation decreased as the
underlying CD4 count dropped, the within-subject variation was found to be higher in

relative terms in those with lower CD4 counts.

The effect of measurement imprecision on estimates of fixed covariates in the Cox
proportional hazards model has been studied by Nakamura®*" and Hughesm, amongst
others. Raboud®'” has also considered the effect of variability on the relative hazard
estimates for the CD4 count from the Toronto Sexual Contact Study, showing that the
relative hazard estimate is underestimated. However, her results suggested that
smoothing the CD4 counts led to an increase in the relative hazard estimate, a finding
which is not confirmed in this cohort of patients. This may be explained by two
differences in the study design. In Raboud's study the coefficients were lagged by one
year. Hence, CD4 counts measured very close to the time of AIDS are excluded from
this analysis. The pattern of variability in these counts may be very different from those
a year earlier. Further, in contrast with the Toronto study in which CD4 counts were
measured every 3 months, counts may be measured a long time apart in some patients
in the Royal Free Hospital Cohort. Smoothing these values may therefore involve the
inclusion of CD4 counts which are out-of-date. In this analysis a six-monthly mean,
which effectively smooths only up-to-date values, did result in larger relative hazards.
This issue of variability and its effect on the relative hazard estimate will be discussed in

more detail in Chapter 7.
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CHAPTER 6 : THE PROGNOSTIC ROLE OF OTHER LABORATORY MA S

6.0 Summary of contents

In this chapter | shall consider the prognostic role of five other laboratory markers in HIV
infection. These are the CD8 lymphocyte count, the beta-2 microglobulin (B2M) level,
the Immunoglobulin A (IgA) level, the development of p24 antigenaemia and the patients
p24 antibody status soon after seroconversion. | will describe the measurement of these
five markers in the cohort and assess their role as prognostic markers, both before and
after adjustment for the CD4 count. Finally | will assess which of the co-factors
described in Chapter 4, and laboratory markers independently predict the development

of HIV disease when all are included in a multivariate model.

6.1 Literature review
6.1.1 The CD8 Ilymphocyte count

The CD8 molecule is expressed on the surface of a subset of T lymphocytes with
suppresser/cytotoxic activity and on some natural killer cells®®°. After an initial quick rise

52281 the CD8 lymphocyte count continues to rise more

immediately after seroconversion
slowly during HIV infection’® possibly dropping during late-stage disease?®2%°. Either
the CD8 count or the ratio of CD4 to CD8 counts® can be used as alternative markers of
progression to the CD4 count®* although in general they do not appear to provide as

much information as the CD4 count®®®,

6.1.2 The immunoglobulins

Raised immunoglobulin levels in HIV infection reflect B-cell activation®®'. The most
commonly studied immunoglobulin is IgA““'2‘°‘2'331'334 although some authors have also

D****_ |n the absence of HIV infection, haemophilic

studied levels of IgG, IgM and Ig
patients have been shown to have raised levels of immunoglobulins™ and racial
differences are thought to exist with blacks having higher IgG and IgA levels than
whites®*®. The finding that IgM levels in pre-exposure samples were higher in men who
subsequently became infected with HIV and who progressed rapidly to clinical disease
than in both men who remained uninfected and in men who became infected but did not

336

progress rapidly™™ suggests that rapid progressors may have a tendency to mount a

prolonged IgM response to many antigens.
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Levels of immunoglobulins are generally higher in HIV positive individuals than in healthy

0258 During HIV infection IgA and IgG increase with disease

control subjec’ts6
progression, although this may be a response to the development of symptoms’?. There
does not appear to be a similar increase in the levels of IgM throughout infection.
Symptomatic patients have higher levels of IgA than asymptomatic HIV positive
individuals®® and thus IgA levels may be of some prognostic value in HIV

infection®:73:84.222.331

6.1.3 Other non-specific markers of immune activation

Other commonly studied non-specific markers of immune activation include B2M,

neopterin, soluble CD8, interleukin-2 levels (IL-2) and soluble |IL-2 receptor levels.

B2M is part of the human leukocyte antigen (HLA) class | molecule which is found on the

surface of most nucleated cells, including B and T lymphocytes. It is shed during cell

337,338

turnover and, as levels of B2M are usually fairly stable, increases in B2M are

thought to represent immune activation®*®. Raised levels are seen in autoimmune

diseases, lymphoproliferative disorders, in renal transplant patients and during other viral

339-341

infection Because of repeated exposure to antigenic stimulatory materials and

other infectious agentsm, levels tend to be raised in IVDUs and haemophilic patients,
irrespective of their HIV status. Levels have also been shown to be higher in children in
Africa®®®, possibly due to the high background levels of bacterial and viral infections

endemic to the country. No differences have been found according to either sex or race.

Around the time of infection with HIV, B2M levels rise for a short time®**, before dropping

287 287,311,344

almost to ‘normal’ levels Levels then rise during infection and are a good

51,73,191,334,344 As they can be

345

indicator of an individual's risk of disease progression
measured on stored serum and are less affected by measurement variability™" their use
has been favoured in developing countries where there is a lack of financial support for

HIV care.

Neopterin is produced by macrophages when stimulated by T-cell generated gamma

287,346

interferon Increased levels of neopterin therefore, also reflect immune

activation®”’. Elevated neopterin levels are often seen in conditions involving activation
of cellular immunity and in patients undergoing immunomodulatory treatments*’.
Levels are increased in uninfected haemophilic patients348'349, homosexual men*®,
attenders at genito-urinary clinics**® and IVDUs**%, During HIV infection levels of
neopterin tend to mirror those of B2M'%37:3%0 44 the correlation between the two

52,287,351-355

markers ranges from 0.33 to 0.74 . As a result, whilst neopterin may be as
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good a marker of progression as B2M®% little additional benefit is obtained by

measuring both markers®'3%7,

In vitro studies have suggested that soluble CD8 (sCD8) is released during activation

329

and turnover of cytotoxic T cells™” and its measurement may therefore serve as an

292

index of CD8 cell activity”™. The few studies carried out on sCD8 suggest that levels

292,329,358

are raised during HIV infection and that levels are correlated with other immune

activation markers, including B2M and neopterin. The sCD8 level has also been shown

to be related to progression of HIV disease?%#%%-3¢",

Interleukin-2 (IL-2) is essential for T-cell proliferation359 and is released during T-cell
activation. The presence of soluble IL-2 receptor (slL-2R) suggests an impairment in T
cell function®*' and therefore raised sIL-2R levels would be expected in the presence of
T cell activation®®. sIL-2R appears to have prognostic value for progression of HIV

331,336,359,360.962 although significant correlations have been found between slL-

352,359

disease
2R and the other immune activation markers

6.1.4 HIV viral markers

HIV contains a core protein antigen, p24, which appears in culture supernatants of cells
in which HIV is replicating. Hence the presence of p24 antigen in serum appears to be
correlated with active HIV replication in vivo®®®. p24 core antigen is usually detectable at

287384 sually reappearing late in

the time of infection, but then becomes undetectable
disease, although many individuals remain free of p24 antigen even during late stage
disease'®. Both progression to AIDS and the rate of CD4 decline appear to be more

rapid in individuals who are p24 antigenaemic®':8268:332:359,364-366

Antibodies to p24 antigen appear soon after infection in almost all patients. Their loss
may be one of the earliest markers of HIV progressiones, usually heralding a clinical
deterioration®. Progression to AIDS appears to be slowest in those with the highest titer
of antibodies at infection®*°. Geographic differences exist in the levels of antibodies to
p24 and of p24 antigen. In particular, patients from Africa have high levels of antibodies

at all stages of HIV infection and rarely become p24 antigenaemic during infection®®’.

Early in infection, the majority of individuals are infected with usually slow replicating
non-syncytium-inducing (NSI) HIV variants®®2. At some stage in infection there may be a
switch to faster replicating syncytium-inducing (Sl) variants. This switch appears to be
associated with a more rapid loss of CD4 cells and more rapid progression of HIV

266.369-371

disease . The total amount of virus present in the body, the type of viral strains
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present and the number of different viral strains present all appear to be related to

disease progression'*>%72%74,

6.1.5 Haematological markers

In general, haematological markers tend to reflect the consequences of immune

activation. Platelets are important for blood clotting and levels have been shown to be

60,330,375

lower in HIV-infected individuals than in healthy controls The development of

thrombocytopenia (a low platelet count) is of particular concern especially for

haemophilic patients. In most cases bleeding episodes are not life threatening and

123376377 Some studies have suggested that

225,260
H

treatment, if required, is usually effective
AIDS patients have lower platelet counts than asymptomatic AIDS-free individuals

although its value as a prognostic marker”™®® has not been confirmed by other

studiesB4,1 34,180,232.

The development of anaemia has been associated with faster progression to AIDS®".

Haemoglobin levels are lower in HIV positive individuals both with and without AIDS®%7®,

and the haemoglobin level may be a prognostic marker for HIV disease

221,226.232,268,378 although this has not been confirmed by others®3®. Patients

369,371

progression
with S| viral strains were more likely to have low haemoglobin levels in one study
suggesting that low haemoglobin levels may be a consequence of disease progression.

143,379,380
, low

Further, as anaemia is one of the main side-effects of zidovudine
haemoglobin levels may simply identify those with the lowest CD4 counts who are

receiving zidovudine.

Other haematologic markers studied include the white blood count®'922%8:3%8.381 4o

205,226,334 205

erythrocyte sedimentation rate and hematocrit“™, all of which have been shown

to have some prognostic power in some studies.

6.2 The CD8 lymphocyte count

6.2.1 The CD8 count throughout infection

CD8 lymphocyte counts have been measured since 1982 every 3-6 months. By the end
of 1993 a median of 20 CD8 counts had been measured on each individual (range 1 to
64 counts). For each individual, the mean CD8 count measured in each six month
period after seroconversion was calculated. Figure 6.1 shows the distribution of these
means over time. At a population level, there is no evidence of any large change in the

CD8 level over time of the patients over the cohort.
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Figure 6.1 : The medians and interquartile ranges of the means of all CD8

measurements taken within each six-monthly period after seroconversion
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Muiti-level modelling methods were used to assess the pattern of CD8 change over
infection. Initially the untransformed CD8 count was modelled in order to assess
whether a linear rate of change over time was either necessary or adequate. After fitting
a model with just an intercept term which was allowed to vary between individuals (i.e.
constant CD8 over time) the addition of a ‘random’ linear coefficient resulted in a
significant improvement in fit (P<0.00001), although overall there was no consistent
evidence for either an increase of decrease in CD8 counts over time. The addition of a
‘random’ quadratic term to the model also resulted in a significant improvement in fit
(p<0.00001) although again the estimate of the mean parameter was not significantly
different from zero (p=0.11) suggesting that whilst CD8 counts may change in a
quadratic manner in some patients, there is wide inter-patient variability to the individual
patterns over time. The fitted coefficients from this model are shown in Table 6.1. The
average pattern of decline as described by this fitted model is shown in Figure 6.2(i)
(bold line). Under this model, CD8 counts tend to increase slightly after seroconversion

before dropping off after around ten years or so.
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Table 6.1 : Final model coefficients from muiti-level modelling of the CD8 count

Fixed parameters Random variances and
covariances
Mean  95% confidence | Intercept Time Time?
interval
Untransformed
CD8 counts
Intercept | 592.8 450.7 to 734.9 | 310,900 - -
Time 38.0 -5.0t081.0 -81,270 26,650 -
Time? -2.1 -5.4t01.3 4704 -1788 157
Square root CD8
Intercept 216 19.2t0 24.0 73.7 - -
Time 1.5 0.8t022 -17.7 5.9 -
Time?| -0.2 -0.2t0 -0.06 0.8 0.4 0.04

In order to restrict the modelled CD8 counts to being positive, the analysis was repeated
after square root transformation of the CD8 count. At seroconversion the YCD8 count
was estimated to be 21.6, corresponding to a CD8 count at seroconversion of 467
cells/mm?® (rather lower than that estimated using untransformed values). Again, whilst
the mean values of the linear and quadratic coefficients were not significantly different
from zero, the inclusion of these terms into the model as random coefficients
significantly improved the fit of the model, suggesting that individual patterns varied
considerably. Final model coefficients are shown in Table 6.1 and the average slope
generated by these coefficients is plotted in Figure 6.2(i) (dotted line). Average values
are estimated to be much lower at all stages of infection when the transformed CD8
counts are modelled than when untransformed counts are modelled. A much larger
drop in CD8 counts, starting around 4.5 years after seroconversion, is also seen when

modelling the transformed CD8 counts.

There is a large variation between patients. For example, as approximately 95% of the
population will have estimates within + 2 standard deviations of the mean, CD8 counts at
seroconversion are expected to lie within 20 and 1503 cells/mm?® in most individuals.
Fitted slopes for individual patients are shown in Figure 6.2(ii). The standard deviations
of the parameter estimates (8.6, 2.4 and 0.2 for the intercept, linear and quadratic terms

respectively) suggest that again there is wide variation between individual patients.
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Figure 6.2() : ‘Average’ patterns of CD8 change over infection generated from the
models estimated using multi-level modelling methods, (i) Untransformed CD8 count -

continuous line, (i) VCD8 count - dotted line.
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Figure 6.2(ih : Estimated CD8 patterns for each patient in the cohort after modelling the

square root of the CD8 count using multi-level modelling methods
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The five demographic/clinical cofactors considered in Chapters 3 and 4 (age group,
CMV serostatus, haemophilia diagnosis, social class and year of diagnosis) were
studied to see whether there were any relationships between these factors and either
the CD8 count at seroconversion or the subsequent change in CD8 count over time. All
were included in the model as fixed covariates. There was some suggestion that those
with severe haemophilia A had higher counts at seroconversion than those with other
diagnoses (472 and 365 cells/mm?® respectively), although this was marginally non-
significant (p=0.08). The was also some suggestion that individuals of manual social

class had a larger linear coefficient than those of non-manual social class (p=0.08).
6.2.2 Relationship with the CD4 count

For each patient, CD8 counts were split into those measured whilst the CD4 count was
in the ranges 600-700, 500-600, 400-500, 300-400, 200-300, 100-200 and less then 100
cells/mm3. The mean CD8 count measured in each of these CD4 ranges was then
calculated (Figure 6.3). There is little evidence of any large change in the CD8 count as
the CD4 count declines, although there is some suggestion that the CD8 count drops
when the CD4 count falls below 100 cellssmm3. There is wide variation in the CD8

counts measured in each CD4 level.

For each patient, the CD4 and CD8 counts were estimated yearly after seroconversion
using linear interpolation between the counts immediately before and after the start of
each year. At each time point, the correlation between the CD4 and CD8 counts was
calculated (Figure 6.4). There is a high and fairly stable correlation between the CD4

and CD8 count over the first 13 years of infection.
6.2.3 The prognostic value of the CD8 count unadjusted for the CD4 count

Unadjusted for the CD4 count, the most recent CD8 count appears to have some
prognostic value (as a time-updated covariate) for predicting both AIDS and death
(Table 6.2), although the prognostic value for the development of AIDS is only of
borderiine significance (p=0.06). A 100 cell drop in the CD8 count is associated with a
9% increase in the risk of AIDS and a 29% increase in the risk of death. However, there
appears to be no association between the CD8 count and the development of the first
HIV-related event (p=0.71). The CD8 count appears to have some prognostic value for
progression to a CD4 count of 50 cells/mm?® (p=0.05). However, there appears to be no

association with progression to a CD4 count of 200 cells/mm?®.
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Figure 6.3 : The medians and interquartile ranges of the means of all CD8 counts taken
while the CD4 count is in different ranges
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Figure 6.4 : Spearman rank correlation coefficients and 95% confidence intervals

between CD4 and CD8 counts estimated at yearly intervals after seroconversion
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Table 6.2 : Relative hazards and 95% confidence intervals from the Cox proportional hazards model associated with a 100 cell/mm?® drop in the CD8
count for progression to (i) AIDS, (ii) death, (iii) the first HIV-related event, (iv) a CD4 count of 200 cells/mm?® and (v) a CD4 count of 50 cells/mm?,
Both the CD8 and CD4 counts have been included in the model as time-updated covariates and adjustments for the CD4 count have been made

using log-transformed CD4 counts

Progression to :
AIDS Death HiV-related CD4 200 CD4 50
event cells/mm?® cells/mm?®
Unadjusted Relative hazard 1.09 1.29 1.01 0.99 1.13
95% Cl 1.00-1.19 1.16-144 096-1.07 0.90-1.09 1.00-1.28
p-value 0.06 0.0001 0.71 0.86 0.05
Test for non- 0.12 0.001 0.44 0.61 0.07
proportionality (p-value)
Adjusted for Relative hazard 0.97 1.08 0.97 - -
CD4 95% CI 0.90-1.05 097-119 0.92-1.03 - -
p-value 0.46 0.15 0.34 - -
Test for non- 0.71 0.09 0.66 - -
proportionality (p-value)




6.2.4 The prognostic value of the CD8 count adjusted for the CD4 count

Because of their correlation, the finding that a drop in the CD8 count is associated with a
raised risk of disease progression may simply reflect the prognosis associated with a
drop in the CD4 count. In order to assess the independent effects of the CD4 and CD8
counts on HIV disease progression, both markers were incorporated into the Cox
proportional hazards model. After adjusting for the CD4 count, the CD8 count appeared
to add little prognostic information for progression to any of the three clinical endpoints
(Table 6.2), confirming that a low CD8 count simply identifies those with the lowest CD4

count.

It has been suggested that the CD8 count increases through infection, but very late on in
infection it drops again. The multi-level modelling results and the finding that the
patient’s most recent CD8 count is associated with a CD4 decline to 50 cells/mm3 but
not to 200 cells/mm?3 appear to be consistent with this hypothesis. If this is the case,
then the effect of the CD8 count on disease progression may change over time in a
closed cohort such as this. Whilst there is no evidence of non-proportionality in the
unadjusted relative hazards for progression to either AIDS (p=0.12) or the first HIV-
related event (p=0.44), there was strong evidence of non-proportionality for progression
to death (p=0.001), suggesting a change in the association between the CD8 count and
the risk of death at different times after infection. After adjustment for the CD4 count,

however, this effect becomes non-significant (p=0.09).
6.2.5 Summary of CD8 results

Whilst there does not appear to be any strong consistent change in the CD8 count on a
population level, at an individual level it appears that the CD8 count may drop during late
stage disease. Unadjusted for the CD4 count, the CD8 count appears to predict death
and, to a lesser extent, AIDS. However, much of this effect appears to be due to lower

and more rapidly declining CD4 levels in these patients.

6.3 Beta-2 microglobulin

6.3.1 B2M measurements in the cohort

The routine measurement of B2M began in 1990. However, as many patients had died
before 1990, routine measurements are not available for all patients. Hence, in 1992 it
was decided to retrospectively measure B2M levels in stored serum samples from all

members of the cohort. A maximum of 4 samples per patient were chosen : the first
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sample after seroconversion, the nearest sample within 6 months of the date of the
patients' CD4 count falling to 500 cells/mm3, the nearest sample within 6 months of the
date of the patients' CD4 count falling to 200 cellss/mm3, and in those who had
developed AIDS, the last sample prior to AIDS diagnosis. It is these measurements

which will be considered in this section.
6.3.2 B2M measurements in stored serum samples

Table 6.3 contains a summary of the B2M levels measured. In 1992 when it was
decided to measure B2M levels in the cohort, CD4 counts had at some time fallen below
500 cells/mm3 in 47 of the 111 patients and below 200 cells/mm3 in 45 of the 111
patients. In the 33 patients who were known to have developed AIDS by this time, B2M
was measured in 26 with available serum samples. There was significant correlation

between the patients’ ages and the B2M levels at three of the four time points.
6.3.3 Progression from a CD4 count of 500 cells/mm3

Patients were stratified above and below the upper 33rd percentile of the B2M level at a
CD4 count of 500 cells/mm® (3.0 mg/l) so as to ensure an approximately equal number
of events in each group. Individuals with the highest B2M levels have a much faster rate
of progression to all three clinical endpoints than do those with lower B2M levels (Figure
6.5, p=0.006, 0.0003 and 0.02 respectively for the endpoints of AIDS, death and the first

HIV-related event, log-rank test).

The relative hazards of progressing to each clinical endpoint associated with a one unit
increase in B2M are shown in the top half of Table 6.4. A high B2M level is significantly
associated with more rapid progression to all three clinical endpoints. There is no
evidence of any non-proportionality in the relative hazard for progression to AIDS or the
first HIV-related event, although there is some suggestion that the relative hazard for
progression to death changes over time (p=0.08). After adjusting for age there remains
a significantly raised risk associated with an increase in B2M levels for progression to
both AIDS and the first HIV-related event. The relative hazard associated with the B2M

level for progression to death became non-significant.

Increased B2M levels were associated with an increased risk of progression to both CD4
endpoints (Table 6.4), suggesting that any effect of B2ZM on clinical disease progression

may be mediated partly through CD4 cell loss.
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Table 6.3 : B2M levels and patient ages at four different time points in cohort

Time point
After CD4 500 CD4 200 AIDS
seroconversion cells/mm? cells/mm?®

Number of samples 110 47 45 26
Time of sample Median 0.64 yrs 4.63 yrs 5.46 yrs 6.45 yrs
after seroconversion Range 0.01-720yrs 0.03-829yrs 144-561yrs 1.4-10.07 yrs
B2M Median 23 27 3.4 4.1

Range 1.4-6.5 15-6.5 1.8-6.5 24-96
Age Median 243 yrs 28.0 yrs 31.4 yrs 32.1yrs

Range 26-77.8yrs 6.4-664yrs 16.8-744yrs 194-81.2yrs
Correlation coefficient 0.37 0.35 0.47 0.20
(age and B2M) p-value 0.0001 0.02 0.001 0.34




Figure 6.5 ; Kaplan-Meier plots showing the cumulative rate of progression to (i) AIDS,
(i) death and (iii) the first HIV-related event according to the number of years from the
CD4 count reaching 500 cells/mm?. Patients are stratified into two groups on the basis

of their B2M level : B2M > 3.0 mg/l - bold line, B2M < 3.0 mg/l - dotted line
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Table 6.4 : Relative hazards and 95% confidence intervals from Cox proportional hazards model associated with a one unit increase in B2M levels for

progression to (i) AIDS, (ii) death (iii) the first HIV-related event, (iv) a CD4 count of 200 cells/mm?® and (v) a CD4 count of 50 cells/mm?®. The CD4

count is included in the model as a time-updated covariate and is included after taking a log transformation

Progression to :

Progression from : AIDS Death HIV-related CD4 200 CD4 50
event cells/mm?® cells/mm?®
CD4 Unadjusted  Relative hazard 1.69 2.08 1.47 1.47 2.12
500 cells/mm?® 95% ClI 1.20-237 1.44-3.00 1.10-1.95 1.05-2.04 1.39-3.24
p-value 0.003 0.0001 0.009 0.02 0.0005
p-value for non-proportionality 0.26 0.08 0.42 0.35 0.95
Adjusted for  Relative hazard 2.37 1.50 1.69 1.39 2.14
age 95% ClI 146-3.84 0.92-245 1.11-2.58 091-213 1.36-3.37
p-value 0.0005 0.10 0.02 0.13 0.001
Adjusted for  Relative hazard 2.15 1.09 1.51 - -
age and 95% ClI 1.28-360 064-184 0.97-234 - -
CD4 count p-value 0.004 0.76 0.07 - -
CD4 Unadjusted Relative hazard 1.37 1.66 1.16 - 1.42
200 cells/mm® 95% CI 1.03-184 123-223 0.85-1.56 - 1.06 - 1.90
p-value 0.03 0.0009 0.35 - 0.02
p-value for non-proportionality 0.94 0.32 0.72 - 0.11
Adjusted for  Relative hazard 1.54 1.40 1.27 - 1.74
age 95% CI 1.03-283 094-209 0.86-1.88 - 1.18 -2.58
p-value 0.03 0.10 0.23 - 0.006
Adjusted for  Relative hazard 1.42 1.05 1.05 - -
age and 95% Cl 090-221 0.66-1.65 0.69 - 1.62 - -
CD4 count p-value 0.13 0.84 0.82 - -




After further adjusting the relative hazard to take account of the most recent CD4 count,
there remains a significant association between increased B2M levels and the
development of AIDS. The relative hazard for progression to the first HIV-related event

became marginally non-significant after adjustment.
6.3.4 Progression from a CD4 count of 200 cells/mm3

Patients were stratified into two groups on the basis of the 33rd percentile of B2M levels
at the time of their CD4 count falling to 200 cells/mm3 (3.8 mg/l). Patients with the
highest B2M levels have a faster rate of progression to death (Figure 6.6, p=0.0007, log-
rank test) but no relationship is seen with progression to either AIDS (p=0.19) or to the
first HIV-related event (p=0.70).

The relative hazards of progressing to the three clinical endpoints associated with a one
unit increase in B2M are shown in the bottom half of Table 6.4. Unadjusted for age or
the CD4 count, there was a significantly raised hazard of developing AIDS or dying
associated with an increased B2M level. The use of B2M as a categorical variable in the
Kaplan-Meier analysis is likely to explain the differing results for progression to AIDS.
After adjusting for age differences, only the effect of B2M on progression to AIDS

remained significant (p=0.03).

A one unit increase in B2M was associated with a 42% increase in the hazard of the
CD4 count falling to 50 cells/mms3, suggesting that B2M identifies those whose CD4
counts are likely to decline most rapidly. After adjusting for the CD4 count, the effect of

B2M on all three clinical endpoints became non-significant (Table 6.4).
6.3.5 Summary of B2M results

At high CD4 levels increased B2M levels appear to predict the development of clinical
disease, even after adjusting for age differences and the CD4 count. At lower CD4
levels, however, this predictive ability becomes less apparent and disappears after
adjusting for the CD4 count. The B2M level does not appear to be prognostic for death
at any CD4 level.
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Figure 6.6 : Kaplan-Meier plots showing the cumulative rate of progression to (i) AIDS,
(i) death and (iii) the first HIV-related event according to the number of years from the
CD4 count reaching 200 cells/mm”. Patients are stratified into two groups on the basis

of their B2M level : B2M > 3.8 mg/l - bold line, B2M < 3.8 mg/I - dotted line

(|) AIDS Probability of developing AiDS
0.8 -
06 -
0.4-
0.2-
0 2 4 6 8 10

Years from GD4 count of 200 cells/mm >

Probability of dying

(i) Death
08
06
04-

0.2

0 2 4 6 8 10

Years from CD4 count of 200 cells/mm*

Probability of davalopine
firat HIV-ralatad avant

(i) First HIV-
related event
0.8

04-

0.2-

0 1 2 3 4 6 6 7

Years from CD4 count of 200 cells/mm®

123



6.4 IgA

6.4.1 IgA measurements in the cohort

IgA has been routinely measured in patients in the cohort since 1985 (median 10 IgA
measurements per patient, range 0-27 measurements). Figure 6.7 shows the
distribution of mean IgA measurements in each six month period after seroconversion.
On a population level, IgA levels tend to increase over time. However, the variation

between patients becomes increasingly large over time.

Figure 6.7 : The medians and interquartile ranges of the means of all IgA measurements

taken within each six-monthly period after seroconversion

IgA {mg/l}

o 1 1 1 1 T 1 1
0 2 4 6 8 10 12 14

Years from seroconversion

Muiti-level modelling indicates that there is a strong increase to the untransformed IgA
values over time, (p<0.00001, Table 6.5). The inclusion of a ‘random’ quadratic term
significantly improves the fit of the model (p<0.00001) although the mean parameter
estimate is not significantly different from zero (Table 6.5, Figure 6.8(i)), suggesting that
individual patterns vary widely. Overall, the IgA at seroconversion is estimated to be 1.5
mg/l, to increase at the rate of 0.2 mg/l per year on average, and to have a quadratic

coefficient of 0.01 on average.
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Table 6.5 : Final model coefficients from multi-level modelling of IgA

Fixed parameters Random variances and
covariances
Mean 95% confidence | Intercept  Time Time?
interval
Untransformed
IgA
Intercept 1.5 0.9to 2.1 4.3 - -
Time 0.2 0.009t0 0.4 -1.0 0.4 -
Time? 0.01 -0.004 t0 0.03 0.08 -0.03 0.003
Square root IgA
Intercept 1.2 1.1t0 1.3 0.4 - -
Time 0.07 0.02t0 0.1 -0.08 0.03 -
Time? | 0.002 -0.002 to 0.005 0.006 -0.002 0.0001

As IgA values were not measured until 1985, very few measurements are available to
estimate the IgA level at seroconversion. This is evident in the extremely large standard
deviations of the parameters. Hence estimates of the intercept should be interpreted

carefully.

The analysis was repeated after taking a square root transformation of the IgA values.
Again, a ‘random’ linear term improved the fit of the model (p<0.00001) as did a
‘random’ quadratic term (p<0.00001). However, again there was no consistent pattern
to the quadratic coefficient and the mean estimate was not significantly different from
zero (p=0.21). Overall, VIigA levels at seroconversion are estimated to be 1.2 on
average, and to increase at the rate of 0.07 per year, with a quadratic coefficient of
0.002. The fitted curves from both the transformed and untransformed IgA levels are
very similar (Figure 6.8(i)), both indicating a gradual increase in IgA over time and little
evidence of any curvature to the IgA level. Fitted patterns of change for individual
patients are shown in Figure 6.8(ii). The figure clearly shows the wide variation in fitted

patterns over time, especially in values at the time of seroconversion.

An analysis of the relationships between the five cofactors described in Chapters 3 and
4 and both the IgA value at seroconversion and its subsequent change over time,
suggested that levels tended to be higher in those over the age of 22.6 years
(p=0.00008) than in those younger than 22.6 years (values of 1.82 and 1.02 mg/l

respectively).
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Figure 6.8(i) : ‘Average’ patterns of IgA change over infection generated from the models
estimated from multi-level modelling methods, (i) Untransformed IgA - continuous line,

(ii) VigA - dotted line
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Figure 6.8(ii) : Estimated IgA patterns for each patient in the cohort after modelling the

square root of the IgA level using multi-level modelling methods
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IgA levels were also higher in those who were of a non-manual social class rather than
of manual social class (1.64 and 1.22 respectively, p=0.04) and also in those who
seroconverted most recently (1.01, 1.23, 1.46 and 1.71 in those who seroconverted
earlier than 1981, in 1981, 1982 or after 1982 respectively, p=0.01). However, the lack
of IgA measurements at seroconversion suggests that confirmation of these findings is

required before interpreting these as novel findings.
6.4.2 Relationship with the CD4 count

Figure 6.9 shows the distribution of the mean IgA values whilst the CD4 count is
measured in different ranges. There is a gradual increase in median IgA levels as the
CD4 count drops. At very low CD4 counts (< 100 cells/mm3) IgA levels become very
variable with the 75th percentile reaching 12.9 mg/l. There is an increasing level of
negative correlation between the IgA level and CD4 count as time from seroconversion
increases (Figure 6.10), confirming the finding that the IgA value increases as the CD4

count falls.
6.4.3 The prognostic value of the IgA level unadjusted for the CD4 count

Table 6.6 shows the relative hazards associated with a one unit increase in the IgA level
when it is included in the Cox model as a time-updated covariate. Unadjusted for the
CD4 count, there is a strong association between the IgA measﬁrement and progression
to all three clinical events, suggesting that the IgA level is an important univariate
prognostic marker. There is no evidence of any non-proportionality for progression to
AIDS or death, although there is some evidence that the relative hazard for progression

to the first HIV-related event changes over time.
6.4.4 The prognostic value of the IgA level adjusted for the CD4 count

An increase in IgA levels is associated with more rapid progression to both CD4
endpoints (Table 6.6). Consequently, some of the effect of the IgA level on progression
to clinical endpoints may be explained by more rapidly dropping CD4 counts in those
with the highest IgA levels. After adjustment for the CD4 count, however, the most
recent IgA level continued to provide additional prognostic information for progression to
both AIDS and to the first HIV-related event. However, the IgA measurement does not
provide any additional prognostic information for death. Further, after adjustment, there
is no evidence of non-proportionality in the relative hazard estimates for progression to

any endpoint.

127



Figure 6.9 : The medians and interquartile ranges of the means of all IgA measurements

taken while the CD4 count is in different ranges
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Eigure 6.10 : Spearman rank correlation coefficients and 95% confidence intervals
between CD4 counts and IgA measurements estimated at yearly intervals after

seroconversion
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lable 6.6 : Relative hazards and 95% confidence intervals from the Cox proportional hazards model associated with a one unit increase in the IgA
level for progression to (i) AIDS, (ii) death, (iii) the first HIV-related event, (iv) a CD4 count of 200 cells/mm?, (v) a CD4 count of 50 cellsf/mm?®. Both

IgA and the CD4 count are included in the model as time-updated covariates. The CD4 count is included in the model after a log transformation.

621

Progression to :
AIDS Death HIV-related CD4 200 CD4 50
event cells/mm? cells/mm?®
Unadjusted Relative hazard 1.27 1.26 1.25 1.22 1.41
95% ClI 1.18-1.36 1.16 - 1.38 1.16 - 1.34 1.08 -1.39 1.24 - 1.59
p-value 0.0001 0.0001 0.0001 0.002 0.0001
Test for non- 0.22 0.77 0.02 0.10 0.67
proportionality (p-value)
Adjusted for Relative hazard 1.14 1.07 1.16 - -
CD4 95% CI 1.04-1.26 0.97 -1.19 1.06 - 1.26 - -
p-value 0.007 0.19 0.0007 - -
Test for non- 0.65 0.59 0.13 - -
proportionality (p-value)




6.4.5 Summary of IgA results

IgA levels rise throughout infection, largely in tandem with the drop in CD4 counts. IgA
levels provide strong prognostic information for the development of clinical HIV disease
in addition to that provided by the CD4 count. However, their role is of less importance

when considering death as an endpoint.

6.5 p24 antigenaemia and antibody

6.5.1 p24 antigen measurements in the cohort

The presence of the core antigen to HIV, p24, is measured on all routine blood samples
taken on patients in the cohort and is recorded on the data set as either positive or

negative.

By the end of 1993, 49 patients in the cohort had developed p24 antigenaemia between
3 weeks prior to and 12.89 years after their estimated date of seroconversion. By 14
years after seroconversion, an estimated 67.9% of patients are expected to develop p24

antigenaemia (median time to development 12.53 years, Figure 6.11).

In those who had counts available for analysis, CD4 counts at the timé of p24
antigenaemia were in the range 10 to 1170 cells/mm® (median 330 cells/mms). When
using CD4 information on ali patients irrespective of whether the patient developed p24
antigenaemia or not, the CD4 count was found to fall to a med«an level of 60 cells/mm?®

before the development of p24 antigenaemia (Figure 6.12).
6.5.2 Effect of p24 antigenaemia on HIV disease progression

Unadjusted for the CD4 count, the development of p24 antigenaemia is associated with
a large and highly significant increase in the risk of progression to all three clinical
endpoints (Table 6.7). However, there is significant evidence of non-proportionality for
progression to both AIDS and to the first HiIV-related event, suggesting that the

detrimental effect of p24 antigenaemia does not remain constant over time.

There is a significant association between the development of p24 antigenaemia and a
drop in the CD4 count to both 200 and 50 cells/mm? (Table 6.7), suggesting that

individuals who develop p24 antigenaemia have rapidly declining CD4 counts.
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Figure 6.11 : A Kaplan-Meier plot showing the cumulative progression rate to the
development of p24 antigenaemia according to the number of years from

seroconversion
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Figure 6.12 : A Kaplan-Meier plot showing the cumulative progression rate to the

development of p24 antigenaemia according to the minimum CD4 count measured
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Table 6.7 : Relative hazards and 95% confidence intervals from the Cox proportional hazards model associated with the development of p24
antigenaemia for progression to (i) AIDS, (ii) death, (iii) the first HIV-related event, (iv) a CD4 count of 200 cells/mm?® and (v) a CD4 count of 50

cells/mm?®

tlaking a log transformation.

. Both p24 antigen status and the CD4 count are included in the model as time-updated covariates. The CD4 count has been included after

Progression to :

proportionality (p-value)

AIDS Death HIV-related CD4 200 CD4 50
: event cells/mm?® cells/mm?®
Unadjusted Relative hazard 5.27 411 3.73 3.35 6.01
95% ClI 292-952 225-753 223-6.23 1.85-6.06 3.25-11.10
p-value 0.0001 0.0001 0.0001 0.0001 0.0001
Test for non- 0.01 0.16 0.0001 0.18 0.07
proportionality (p-value)
Adjusted for CD4  Relative hazard 3.15 1.85 2.45 - -
count 95% Cl 166-598 095-362 1.40-4.27 - -
p-value 0.0004 0.07 0.002 - -
Test for non- 0.01 0.22 0.64 - -




After adjustment for the CD4 count as a time-updated covariate there remains a
significant, although reduced, increase in the risk of progression to AIDS and the first
HIV-related event associated with the development of p24 antigenaemia (Table 6.7).
There also appears to be some relationship with survival, although this relationship is
now marginally non-significant. There remains non-proportionality in the effect of p24
antigenaemia on the development of AIDS with the detrimental effect of p24

antigenaemia becoming less marked over time.
6.5.3 p24 antibody measurements in the cohort

The presence of antibodies to p24 has only been measured once in the cohort on an
early sample soon after seroconversion. This sample was taken on average 33 weeks
after seroconversion, but in some individuals the sample was not taken until up to 5.91
years after seroconversion. A total of 110 patients had samples tested of whom 88 were
found to be positive for antibodies to p24. Table 6.8 contains a comparison of the
patients found to be p24 antibody positive and negative in terms of their demographics.
Patients who were p24 antibody positive were more likely to have severe haemophilia A
than those who were p24 antibody negative. No other differences were seen in the

demographics of the patients.

Table 6.8 : A comparison of the patients found to be p24 antibody positive and negative
at the start of the study
p24 Antibody status
positive negative p-value
Haemophilia Type Severe A 83 16
Other 5 5 0.03
Social Class Non-manual 44 14
Manual 44 6 0.17
Year of seroconversion 1979-1980 20 5
1981 17 3
1982 31 8
1983-1985 20 5 0.96
Age at seroconversion  Median 21.28 25.04
(years) Range 2.06t072.95 5.85t077.78 | 0.21
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Patients who were initially p24 antibody positive had a less rapid progression to the
development of p24 antigenaemia than those who were p24 antibody negative, as is
shown in Figure 6.13 (p=0.004, log-rank test), although by 14 years after seroconversion

progression rates were similar.

Figure 6.13 : A Kaplan-Meier plot showing the cumulative progression rate to the
development of p24 antigenaemia according to the number of years from
seroconversion. Patients are stratified according to their p24 antibody status shortly
after seroconversion ; p24 antibody positive - bold line, p24 antibody negative - dotted

line
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6.5.4 Relationship between p24 antibody status and HIV disease progression

Patients who were p24 antibody negative at seroconversion had a faster rate of
progression to both AIDS and death (p=0.003 and p=0.01 respectively, log-rank test.
Figure 6.14). Indeed, the hazards of developing AIDS or dying were over twice as high if

the patient was p24 antibody negative compared to p24 antibody positive (Table 6.9).
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Figure 6.14 :

Kaplan-Meier plots showing the cumulative progression rates to the

development of (i) AIDS, (ii) death and (iii) the first HIV-related event, according to the

number of years from seroconversion.

Patients are stratified according to their p24

antibody status shortly after seroconversion : p24 antibody positive - bold line, p24

antibody negative - dotted line

(i)

(ii)

(iii)

AIDS Probability of developing AIDS

0.8
0.8 -

04-

0 2 4 6 a 10 12
Years from seroconversion

Death Probability of dying
"1

0.8 -
0.8 -
04 -

0.2-

[} 2 4 6 8 10 12
Years from seroconversion

First HIV-
related event

0.8 -
0.6 -
0.4 -

0.2-

0 2 4 8 8 10 12

Years from seroconversion

14

14

135



Table 6.9 : Relative hazards and 95% confidence intervals associated with an initial p24 antibody negative status for progression to (i) AIDS, (ii) death,
(iii) the first HIV-related event, (iv) a CD4 count of 200 cells/mm? and (v) a CD4 count of 50 cells/mm?. p24 antibody is included in the model as a
fixed covariate at baseline although the patient only enters the risk set when the measurement becomes available, the CD4 count is included as a

time-updated covariate after taking a log transformation.

oel

Progression to :
AIDS Death HIV-related CD4 200 CD4 50
event cells/mm?® cells/mm?®
Unadjusted Relative hazard 2.06 2.37 1.48 1.74 2.16
95% Cl 1.08-395 1.22-458 089-247 0.94-323 1.08-4.33
p-value 0.03 0.01 0.14 0.08 0.03
Test for non-proportionality 0.95 0.40 0.70 0.38 0.20
(p-value)
Adjusted for CD4 Relative hazard 1.13 1.79 1.08 - -
count 95% ClI 0.54-237 090-357 063-188 - -
p-value 0.75 0.10 0.78 - -
Test for non-proportionality 0.64 0.32 0.90 - -
(p-value)




There was no evidence of any non-proportionality for either of these relative hazard
estimates. There appeared to be no relationship, however, between initial p24 antibody

status and the development of more minor clinical events.

Patients who were initially p24 antibody negative had a faster rate of progression to a
CD4 endpoint of 50 cells/mm?® (Table 6.9). There was also some evidence of a faster
progression to a CD4 count of 200 cells/mm®, although this was marginally non-
significant. A multi-level analysis of the relationships between p24 antibody status and
both the CD4 count at seroconversion and subsequent rate of CD4 decline, suggested
that patients progressed to low CD4 counts more rapidly simply because CD4 counts at
seroconversion were lower in those initially p24 antibody negative than in those p24
antibody positive (767 and 997 cellssmm® respectively, p=0.006). There was no
evidence of any subsequent increase in the rate of CD4 loss in those initially antibody

negative (p=0.37).

After adjustment for the CD4 count the relative hazards associated with p24 antibody

status for progression to AIDS and death were reduced and became non-significant.

For these analyses the baseline date has been chosen to be the time of seroconversion
rather than the time of the blood sample measured. Where samples were taken close
the time of seroconversion, this is a reasonable assumption to make. However, as a
number of these measurements were carried out some time after seroconversion, the
analysis was repeated after excluding patients in whom p24 antibody levels were
measured more than three years after the time of seroconversion. The relationship with

progression to death remained significant in this more restricted analysis.
6.5.5 Summary of p24 antigenaemia and p24 antibody resulits

The development of p24 antigenaemia appears to herald a poor prognosis, especially
with respect to the development of clinical HIV disease. However, it does appear that
this effect may become less pronounced over time. Whilst the absence of antibodies to
p24 appear to predict a poor prognosis, much of this can be explained by lower CD4

counts at seroconversion in these individuals.
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6.6 The independent effects of all time-updated markers and age at
seroconversion on progression to AIDS

After adjustment for the CD4 count, the prior rate of CD4 decline, the patient’s IgA level
and the development of p24 antigenaemia remain associated with the development of
AIDS in this cohort of patients. Further, the development of bacterial infections prior to
AIDS and age at seroconversion were both independently related to disease progression
after adjustment for the CD4 count. It is of interest to see which of these laboratory
markers and co-factors remain associated with the development of AIDS after
adjustment for each other. Whilst there were some significant relationships between
B2M levels and the development of clinical disease, B2M measurements are only
available at selected time points. Hence, they cannot be included in any analysis in
which markers are updated with time. Table 6.10 contains the results of a final analysis
of the time-updated markers on progression to AIDS (all markers), death and the first
HIV-related event (age and laboratory markers only). The CD4 count remains highly
associated with progression to all three endpoints, even after adjustment for all other

factors.
6.6.1 Progression to AIDS

Age at seroconversion remains associated with the development of AIDS, even after
taking account of the all other laboratory and clinical markers, suggesting that the effect

of age on disease progression is not mediated through immune system changes.

After adjustment for all markers, the development of p24 antigenaemia and the presence
of a bacterial infection prior to AIDS are associated with a more rapid progression to
AIDS. The IgA level becomes marginally non-significant after adjustment. After
adjusting for all other markers, the previous rate of CD4 decline continues to have some

prognostic importance, although it becomes marginally non-significant.
6.6.2 Progression to the first HIV-related event and death

For progression to the first HIV-related event, highly significant independent effects of all
three laboratory markers are apparent, although interestingly no effect of either age at
seroconversion or the rate of CD4 decline are seen. In contrast, for progression to
death, only the patients age, their CD4 count and the rate of CD4 decline remain

independently associated with disease progression.
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able 6.10 : Relative hazards and 95% confidence intervals associated with age at seroconversion (per 5 years), a one unit drop in the log of the CD4
count, a 100 cel/mm® drop in the CD8 count, a one unit increase in the IgA level, the development of p24 antigenaemia, a 100 cell/mm?® per year drop

in the rate of CD4 decline and the development of bacterial infections for progression to (i) AIDS, (ii) death and (iii) the first HIV-related event.

Progression to :

AIDS Death First HIV-related event
Relative 95% p-value | Relative 95% p-value | Relative 95% p-value
hazard confidence hazard confidence hazard confidence
interval interval interval
Laboratory markers
and age
Age at seroconversion 1.17 1.04 - 1.30 0.006 1.34 1.19-1.50 0.0001 1.01 0.92-1.10 0.87
IgA 1.1 1.00-1.23 0.05 1.04 0.94-1.16 0.46 1.14 1.04-1.24 0.005
cD4 1.27 1.13-1.42 0.0001 1.41 1.28 - 1.57 0.0001 2.21 1.59-3.08 0.0001
p24 antigenaemia 2.21 1.12-4.36 0.02 1.26 0.62-2.59 0.53 2.23 1.25-4.00 0.007
Rate of CD4 decline 1.17 0.99-1.39 0.07 1.13 1.02-1.25 0.02 1.04 0.94-1.14 0.46

All markers ~
Age at seroconversion 1.18 1.05-1.32 0.004 - - - - - -
IgA 1.09 0.98 - 1.21 0.11 - - - - - -

CD4 1.31 1.17-1.48 0.0001 - - - - - -

p24 antigenaemia | 2.14 1.09 - 4.21 0.03 - - - - - -

Rate of CD4 decline 1.19 0.98 - 1.44 0.07 - - - - - -
Bacterial infection 2.65 1.30-5.39 0.007 - - - - - -




6.7 Discussion
6.7.1 Summary of main results

In this chapter | have studied three markers which are time-dependent (in that they
change over time) and which can be analysed as such because repeated measurements
are available on patients over time. Two further markers are fixed in that patients only

have measurements at certain, chosen time points.

Of the time-updated measurements, both the IgA level and the development of p24
antigenaemia appear to offer additional prognostic information to that provided by the
CD4 count. The CD8 count, on the other hand, simply identifies those with the lowest
and most rapidly declining CD4 counts and as such does not provide any prognostic

information once the patient’s CD4 count is known.

Of the fixed covariates studied, the B2M level appears to be a useful marker of future
disease progression at high CD4 counts, suggesting that this marker may be useful for
establishing long-term prognosis early in infection. The loas of antibodies to
p24, however, simply identified patients with the lowest CD4 counts soon after

seroconversion and as such did not provide any additional prognostic information.

When time-updated covariates were adjusted for each other in a multivariate model
which also included the patients’ age at seroconversion and the development of bacterial
infections, the CD4 count appeared to be the most consistent prognostic marker, being
significantly associated with all three clinical endpoints. Both the IgA level and the
development of p24 antigenaemia were associated with early clinical events, being
associated with the development of the first HIV-related event and AIDS, but not with
death. The patient’s age, in contrast, was associated with only the more major events of
AIDS and death.

The development of a bacterial condition prior to the development of AIDS continued to
suggest that a patient’s condition was likely to deteriorate, irrespective of their immune
status. The rate of CD4 decline continued to add some additional prognostic

information, although this became marginally non-significant for progression to AIDS.
6.7.2 CD8 lymphocyte counts

The finding that CD8 counts are raised during HIV infection has often been
reported52'6°'72'75'258'281'372. A drop at late stages of infection has been suggested by

both Raska et ai**° and Brinchmann et a”®' who found that CD8 counts were lower in
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AIDS patients than in HIV-negative controls. Buchbinder et a/*®? found that healthy long-
term survivors had higher CD8 counts than rapid progressors, further confirming the
possibility of a drop in CD8 counts at late stages of disease. However, findings from

292,329

two studies suggest that any decline, if it exists, is likely to be small. Through the

most part of infection, however, there appears to be no large change in CD8

52278 | have found that there is a general trend for counts to increase over the

counts
first few years after infection, before dropping to low levels. Whilst muiti-level models
are an improvement on population-based methods for studying the pattern of CD8
change, there is still the possibility for the selective drop out of patients who die to have
an effect. For example, if the CD8 counts of patients who die drop rapidly in the year
prior to death, then the overall estimate of the CD8 count will be ‘pulled down’ as
patients die. As no outcome is attached to patients in the multi-level modelling it has not
been possible to consider whether there is a different pattern in those who die than in
those who remain alive. de Stavola®®? has suggested a method for considering this by
censoring patients at different time points and then considering the changing patterns in
those alive and those dead at each time point. However, with the relatively small

number of deaths in this study, it is unlikely that this would reveal any major differences.

The role of the CD8 count in assessing patient prognosis remains unclear. Some
authors have suggested that it has additional prognostic value to the CD4 count®®?, but

£°0.84.226314 ¢ that it may only be

others find that it has no independent prognostic effec
predictive of AIDS close to the time of diagnosis®®. After adjustment for the CD4 count,
the relative hazard associated with a 100 cell/mm?® drop in the CD8 count has been
reported to range between 0.93 and 0.96 when treated as fixed at some baseline?®®31
and 0.99 as a time-updated covariate (Ms A Mocroft, personal communication).
Chevret®*? reported a non-significant increase in the progression rate to a CD4 count of

200 cells/mm® when the CD8 count rose above 1500 cells/mm?.

In a recent paper from this cohort®®, the CD8 count was shown to be a useful marker of
long-term disease progression and CD4 decline when measured soon after
seroconversion, indicating that the immune activation seen very soon after the time of
infection may be linked with the process of CD4 decline. This finding is of limited use for
patients who do not usually present at the time of infection. In these patients, once their
most recent CD4 count is known then it would appear that knowledge of their CD8 count

does not add any further prognostic information in the short-term.
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6.7.3 B2M

It has been suggested that B2M levels are generally higher in HIV positives than in HIV

83,287,311,342,344,351,358,372

negatives One paper in particular has suggested that B2M

increases at a fairly slow rate until a year before AIDS diagnosis when it then increases

%4 " In contrast, a recent paper analysing routine B2M levels from five cohorts,

rapidly
including this cohort, suggested that B2M rises over the first 6 years of infection before
dropping over later year5385. However, this may be an artefact of the inclusion of data
from cohorts who each measured B2M over different time periods. Unfortunately,
routine follow-up data on B2M is not available for many patients in this cohort, so | am

not able to consider this.

As a result of including only men with measurements taken within six months of their
CD4 count falling to each level, the samples of men included in this analysis are small
but homogeneous in terms of their CD4 count. At high CD4 counts the B2M level
provides additional prognostic information for the development of AIDS to that provided
by the CD4 count. At lower CD4 counts, however, the B2M level simply identifies those
whose CD4 counts will drop more rapidly in the future and are, therefore, more likely to

develop clinical disease.

Figures 6.5 and 6.6 provide a convenient tool for clinicians who may use these figures to
assess long-term prognosis and who may, for example, choose to delay treatment in
patients with low CD4 counts and low B2M levels whilst considering the early
introduction of treatment in patients with high CD4 counts but high B2M levels. Although

t*42 this does not invalidate the

differences in B2M levels between exposure groups exis
use of B2M as a prognostic marker. However, the cut-offs quoted in this thesis may

need to be validated in other exposure groups before use.

The reported value of B2M as a prognostic marker independently of the CD4 count
varies in the literature. In two independent analyses of data from the Los Angeles centre
of the Multicenter AIDS Cohort Study, both Fahey331 and Hofmann®* suggested that the

predictive power of B2M and CD4 counts were of a similar size and were independent.

191.33433% although some

suggest that any predictive power disappears after adjustment for the CD4 count'®,

This independence has also been shown by other authors

Interestingly, the former studies were carried out using fixed covariates only. Alcabes et
al'®®, on the other hand, used time-updated values, suggesting that the B2M level may

indicate those whose CD4 counts will decline rapidly, a finding confirmed by Sheppard et

3,291

142



Some authors suggest that neopterin, which is highly correlated with B2M324331332 g

331,
M232 33 357'

a stronger predictive power than B2 Neopterin is not measured routinely in

this cohort and therefore it is not possible to assess which has the greater predictive

power.

The introduction of zidovudine has been shown to have a beneficial effect on B2M levels
in patientsm. | have previously shown that these results are, however, essentially
unchanged when patient follow-up was censored in 1987, prior to the availability of

zidovudine in the UK®" (See Appendix Il - Published Papers).

6.7.4 IgA levels

One of the consequences of repeated exposure to the contaminants contained in
intermediate purity products is that immunoglobulin levels are elevated in men with
haemophilia, irrespective of HIV status™. Any generalisation of the results in this thesis
to other exposure categories must allow for this. IgA levels are increased in HIV
infection®® 7333 At the time of seroconversion levels may be higher in older patients,
homosexual men compared to patients of other exposure categories and in men
compared to women’®®. The finding of a higher IgA level in older individuals is confirmed
in this thesis, although actual IgA levels at the time of seroconversion are few and the
results may simply reflect differential availability of measurements for analysis. The rise
in IgA levels appears to begin soon after seroconversion’>, suggesting that the IgA level

could be a useful prognostic marker for early clinical events.

The finding that the IgA level is a strong predictor of the development of AIDS has
previously been shown®?*®  However, the finding that changes in the IgA level
correlate with changes in the CD4 count, both in this study and in others®® would seem
to suggest that the effect of IgA may not be independent of the CD4 count. Further, we

%8 that early IgA levels soon after infection are related to the

have recently shown
subsequent rate of CD4 depletion in patients in this cohort. Despite this the IgA level
has been shown to predict the development of AIDS when it is included in multivariate
models which also include the CD4 count both as fixed®#"%" or time-updated61
covariates. For the patients in this cohort, the IgA level does provide additional
prognostic information for the development of HIV-related clinical disease to that

provided by the CD4 count.

143



6.7.5 p24 antigenaemia and antibody status

The development of p24 antigenaemia is a strong prognostic marker for progression to
clinical endpoints in this cohort, confirming findings from the cohort published in 199138
in which the development of p24 antigenaemia was a strong univariate predictor of the
development of AIDS. However, in this earlier study, the effect of p24 antigenaemia
became non-significant after adjusting for the CD4 count. After a further three years
follow-up, however, this does not now appear to be the case and after adjusting for the
CD4 count and other laboratory/clinical markers, the developmeht of p24 antigenaemia

remains associated with more rapid disease progression.

The disappearance of antibodies to p24 is one of the earliest markers of disease
progression, usually occurring before the development of p24 antigenaemia®®. In an
earlier study by the de Wolf et a”®® 13.8% of seroconverters developed p24
antigenaemia at entry to the study or soon after. Amongst a cohort of haemophilia
patients®®®, the prevalence of p24 antigenaemia was 21% by eight years after
seroconversion, comparing to 29% by eight years in this cohort. Also in her cohort of
haemophilia patients, Eyster showed that 63% remained p24 antibody positive by ten

years after seroconversion®®°.

It is well documented that the development of p24 antigenaemia is associated with more
rapid progression to AIDS?®16268.73.330331.365386  pegpite the fact that individuals with p24

332,366

antigenaemia may experience a more rapid rate of CD4 depletion than those who

are p24 antigen negative, the effect of p24 antigenaemia on disease progression does

229385 b24 antigenaemia is assumed

appear to be independent of that of the CD4 count
to reflect viral replicationm'389 and therefore it would be expected that increased levels
of p24 antigenaemia would be associated with a worst prognosis. This is confirmed by

recent studies®*®**" in which increased viral load appears to be associated with disease

progression.

The presence of antibodies to p24 is a good sign with a reduced hazard of AIDS in those

68.3853%2  |n a direct comparison, the development of p24

with p24 antibodies
antigenaemia appears to have greater prognostic power than the presence of antibodies
to p24393. Unfortunately, as p24 antibody levels have only been measured once in this
cohort a direct comparison cannot be made. Whilst having high specificity for the
development of AIDS, neither marker is particularly sensitive for the development of

AIDS'953923% \with many patients never having become p24 antigenaemic by the time

144



they develop AIDS and patients with high titres of antibodies at seroconversion

eventually developing clinical disease.

The interpretation of results regarding p24 antigenaemia and p24 antibody from different
studies are difficult due to racial differences in the levels of the markers?4%7
Consequently, the value of the p24 antigen or antibody levels must be evaluated in

terms of the racial characteristics of the patients studied.
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CHAPTER 7 : THE EFFECTS OF MEASUREMENT VARIABILITY AND MISSING
VALUES ON THE RELATIVE HAZARD ESTIMATE

7.0 Summary of contents

In Chapter 5, | suggested that variability in the CD4 measurement may lead to a
reduction in the relative hazard estimate. In this chapter | will study the effects of
measurement variability and missing values on the relative hazard estimate in more
detail. Rather than using the data from the cohort, | will illustrate these effects using
simulated data. This enables both the pattern of missing values and the amount of

variation in the measurement to be controlied.

74 ion

It is well documented that the inclusion of imperfectly measured covariates in regression
models can lead to biased estimates of the coefficients of covariates in the model, even

%9537 When only one covariate is

if some covariates are measured without error
included in the model this problem is usually termed as ‘Regression dilution’. In order to
obtain unbiased estimates of the coefficients, some form of correction is usually made to

the coefficient either during or after the modelling process®!7327:328:3%6.398402  Thjg

correction method usually requires either repeated imperfect measurements*®? or a
separate validation study with some ‘gold-standard’ measurement technique403 in order
to obtain an idea of the level of variability in the measurement. Often, however, no such

gold-standard measurement is available.

7.2 The simulation model

The relationship between the underlying CD4 trend and the measured CD4 count may

be expressed as :
Measured CD4 count = Underlying CD4 trend + random error

where this random error may be a result of measurement error or natural biological
variation. As the underlying CD4 trend cannot be measured, all estimates of the relative
hazard associated with a drop in the CD4 count are based on the measured CD4 count.
When studying HIV pathogenesis, it is usually assumed that the relationship between

the measured CD4 count and the risk of disease progression is the same as that
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between the underlying CD4 trend and disease progression. Whether this is an

appropriate assumption to make, however, is rarely questioned.

In 1991 Taylor302 suggested the use of a simulated model of CD4 decline, based on the
relationship between the measured CD4 count and the underlying CD4 trend described
above, for the study of HIV infection. Underpinning the model is the assumption that the
underlying CD4 trend, or something strongly related to it, is fundamental to HIV disease
progression and that the prognosis of a patient is fully determined by this trend. By
making use of a similar model and by simulating CD4 data for individuals, the
relationship between the relative hazards associated with the underlying CD4 trend and

the measured CD4 count can be studied.

The aim of the simulation studies reported in this chapter is to quantify the effect of
variability and missing CD4 values on the relative hazard estimate from the proportional
hazards model. Using a method similar to Taylor*®® | have randomly generated
underlying CD4 trend data for samples of 500 individuals, based on the typical patterns
of decline seen in the cohort. Making the assumption that the underlying CD4 trend is
fundamental to the development of AIDS, a date of AIDS diagnosis is selected for each
individual purely on the basis of their underlying CD4 trend. In this situation, therefore,
only long-term changes in the CD4 count are assumed to result in disease progression;
short-term variation around the underlying trend is assumed to have no effect on clinical

outcome. The validity of this assumption will be discussed later in the chapter.

7.3 Simulated CD4 paths - the model parameters

The pattern of CD4 decline over HIV infection was described in Chapter 5 and was
found to decline in a quadratic manner over time. A linear rate of decline for the square
root of the CD4 count has therefore been assumed for the underlying CD4 trend. In the
cohort data there remained some dependence of the within-individual variation on time
after taking a square root transformation. However, in order to provide a simple
computational model | have assumed that the use of the square root transformation
successfully stabilises the variation and have not attempted to incorporate changes in
the variability around the underlying CD4 trend over time. The model chosen, therefore,
is an easily interpretable model. More complex models could be fitted if desired
although it is believed that the results in this section are largely independent of such

refinements to the underlying model.
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A simple linear multi-level model for the measured \/CD4ij (the square root of the jth CD4

count for the ith patient) will therefore be given by:

VCD4; = (intercept + v)) + (slope + w)) x time;  + g

+eemee

underlying trend-————————+ +-random-+
variation

where intercept is the overall mean VCD4 at seroconversion, v; describes how each
individual's VCD4 count at seroconversion deviates from the overall mean. slope is the
overall mean decline in YCD4 per year and w; expresses how each individual's rate of
decline deviates from the overall mean decline. ¢; is the within-individual random

component of the model which will be controlled to assess the effects of variability.

The parameters used for the simulations for this simple model were estimated using

data from the cohort. The following estimates of the parameters were obtained :

intercept = 30.05 vi~N(0, 7.22%

slope = -1.88 w;~N(O, 1.442)
2

gj~ N(0, 3.3)

Hence, YCD4 counts are estimated to be 30.05 at seroconversion on average (903
cells/mm3) and were estimated to decline at the rate of 1.88 per year. However, as
described in Chapter 5, there is wide inter-patient variation around these values and the
CD4 counts at seroconversion for individual patients are estimated to fall between 15.6
and 44.5 (243 and 1979 cells/mm3) and slopes will range between a one unit per year
increase and 4.76 units per year decrease in approximately 95% of patients. It is
assumed, for simplicity, that the estimates of the intercept and slope are independent for
each patient ie. there are no correlations between the parameters. Estimates of the
intercept and slope were randomly generated from the above distributions for each
individual. The underlying CD4 count was then calculated for each individual at monthly

intervais.

The variance of the within-individual variation, g, was estimated to be 10.90 (=3.32). By
increasing or decreasing this estimate, the amount of variation around the underlying
CD4 count at each measurement can be increased or decreased.. For the following
analyses, this variance will be multiplied by a value, k, which will take one of eight
different values (0, 1/8, 1/4, 1/2, 1, 2, 4, 8). When k=0 no variation is added; as k
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increases the amount of variation increases. When k=1 the variation is assumed to be

similar to that seen in the cohort.

The CD4 count at diagnosis was chosen to reflect information from published papers
and from the cohort on the distribution of CD4 counts at AIDS. The range in which the
CD4 count at the time of AIDS diagnosis lies was first selected with the following

probability :
Range (cells/mm®) 0-50 51-100 101-150 151-200 201-300
Probability 0.35 0.3 0.15 0.1 0.1

After selecting a CD4 range, the patient's CD4 count at diagnosis was then generated by
assuming that the CD4 count at AIDS is distributed uniformly over the chosen range.
The mean CD4 count at diagnosis is therefore estimated to be approximately 93
cells/mm? (standard deviation 71 cells/mms). The effect of changes in this distribution

on the results will be discussed in section 7.6.

The CD4 count is included in the proportional hazards model as a time-updated
covariate. For this simulated data it was found that the best fit of the model was
obtained when untransformed values were used and hence the relative hazards quoted
refer to a 100 cel/mm?® drop in the CD4 count. Each simulated individual has been
followed for up to 14 years before being censored at that date if their estimated date of
AIDS diagnosis had not been reached. This time was chosen in order to assess the
effect of variability over a similar time scale to that seen in the Royal Free Hospital
Cohort. Each data set of 500 patients is randomly generated 200 times for each
analysis, and for each data set the relative hazard associated with the measured CD4
count is estimated. The figures quoted are the median and 90% range of the 200

relative hazard estimates.

In the absence of any variability in the CD4 count (when k=0) and when CD4 counts are
measured every month, the median relative hazard estimate is 4.58 (90% range 4.02 to

5.28). This is therefore the ‘gold-standard’ relative hazard for this model.

7.4 Effect of missing values on the relative hazard estimate

In order to assess the effect of missing values on the relative hazard estimate, different
missing value scenarios have been considered. Missing values may either occur totally

at random or, more realistically, may depend on either the underlying CD4 trend or the
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measured CD4 count. For example, as the underlying CD4 trend becomes lower the
patient is more likely to become ill and to present for medical care. Alternatively, if the
measured CD4 count is low, the patient may be advised to return sooner for review even
if clinically well. The probability that the CD4 count is missing may also be related to the

time from seroconversion.

The left-hand side of Table 7.1 shows the median relative hazard estimate and 90%
range of estimates for the relative hazard estimate when different proportions of CD4
measurements are missing at random and when no variability is added. There is a
gradual drop in the relative hazard estimate from the ‘gold standard’ as the proportion of
missing values increases. However, it is only when the proportion missing reaches 11
out of 12 (corresponding to one measured CD4 count roughly every year) that the

relative hazard is considerably reduced.

Table 7.1 : The effect of different patterns of missing values on the relative hazard

estimate. CD4 counts are measured every month and are missing at random.

k=0 k=1
Proportion of CD4 Median ~ 90% range of Median 90% range of
counts missing estimate estimates estimate estimates
None 4.58 4.02 - 528 2.83 2.57-3.11
1 out of 12 4.51 4.02-5.21 2.83 2.58-3.09
3 out of 12 4.47 3.98-5.16 2.83 2.59-3.14
6 out of 12 4.35 3.92-4.92 2.78 2.55-3.03
9 out of 12 4.02 3.57-4.62 2.63 2.42 - 2.86
11 out of 12 2.85 2.59-3.17 214 1.99-2.31

As it is unlikely that random missingness is appropriate for HIV infection, the analysis
was repeated using three additional missing value scenarios. Table 7.2 shows the
median relative hazard estimates and 90% ranges for scenarios where the proportion of
missing values has been assumed to be related to (i) the underlying CD4 trend (>500
cells/mm?: 75% missing, < 500 and > 200 cells/mm” : 50% missing, < 200 cells/mm* :
25% missing), (ii) the measured CD4 count (same cut-offs and proportions as above)
and (i) the time from seroconversion of the measurement (up to 4 years after
seroconversion : 75% missing, 4-6 years after seroconversion ; 50% missing, 7+ years

after seroconversion ; 25% missing).
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Table 7.2 ; The effect of different patterns of missing values on the relative hazard
estimate. The probability of the count being missing depends on (i) the underlying CD4

trend, (ii) the measured CD4 count and (iii) the time from seroconversion.

k=0 k=1

Median  90% range of Median 90% range of

estimate estimates estimate estimates
No missing values 4.58 4.02-5.28 2.83 2.57 - 3.11
Missing depends on 4.43 3.92 - 506 2.81 2.56 - 3.09
underlying CD4 trend
Missing depends on 4.41 3.98-5.13 273 2.50-3.06
measured CD4 count
Missing depends on time 4.26 3.82-4.90 2.75 2.52 -3.02

from seroconversion

When the CD4 count is measured perfectly the results in the left-hand side of Table 7.2
suggest that, as expected, there is little difference between the relative hazard estimates
when the proportion of missing values depends on either the underlying CD4 trend or
measured CD4 count (when k=0 the underlying CD4 count equals the measured CD4
count). Both relative hazard estimates are reduced slightly from that when no values are
missing.  When the proportion of values missing depends on the time from

seroconversion the relative hazard is further reduced.

7.5 Effect of changing random component of measured CD4 count on relative

hazard estimate

In order to assess the effect of variability on the relative hazard estimate, k was allowed
to take each of the eight values specified in Section 7.3. The proportion of missing
values was assumed to be related to the underlying CD4 trend as described in the

previous section. Table 7.3 shows the results from this analysis.

As the amount of variability increases the relative hazard estimate falls from a value of
4.43 towards one. When k=8 the variability around the underlying CD4 trend becomes
so large that the relative hazard estimate is very close to one, although the lower limit of
the 90% range remains above one. This suggests that whilst some prognostic value

would be attributed to the CD4 count, it is unlikely to be seen as an important marker.
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Table 7.3 : The effect of changing the random variability in the CD4 count on the relative
hazard estimate. CD4 counts are measured monthly and the proportion missing

depends on the underlying CD4 trend

Variance is Median estimate of 90% range of estimates
multiplied by; relative hazard

0 4.43 3.92 -5.06

1/8 4.34 3.84-4.92

1/4 4.23 3.74-4 .81

12 3.74 3.37-4.26

1 2,81 2.56 - 3,09

2 1.75 1.64 - 1.88

4 1.19 1.15-1.23

8 1.03 1.02-1.04

The analysis in section 7.4 was repeated with k set to one (ie. in the presence of a
realistic amount of variability). The results are shown in the right-hand sides of Table 7.1
and 7.2. When no values are missing, the relative hazard estimate associated with a
one unit drop in the measured CD4 count (when a realistic amount of variability is
added) is 2.83 (Table 7.1). Again, the relative hazard is only reduced noticeably when
the proportion of missing values reaches 11 out of 12. When the proportion of missing
values depends on the underlying CD4 trend (Table 7.2), the relative hazard estimate is
also only slightly reduced. However, when the proportion of missing values depends on
either the measured count or the time from seroconversion, the estimate is more

severely affected.

7.6 Effect of variability on the estimation of relative hazards associated with

other covariates

The effect of variability in the CD4 count on the relative hazard estimate is well
documented and has been confirmed in this thesis. However, of interest is the effect
that this variability has on the relative hazard estimates of other covariates included in
the proportional hazards model. For example, if the relative hazard for the CD4 count is
underestimated because of this variability, then the importance of other covariates in the

model after adjustment may be overstated.
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In order to assess these effects | have chosen to consider two covariates. Firstly, | will
consider a fixed covariate at the time of seroconversion. | will call this a ‘co-factor’ effect
although the covariate could represent any fixed covariate which has an effect on the
CD4 count but no other effect on AIDS-free survival (e.g. a treatment). Secondly, | will
consider the effect of a second time-dependent covariate which has no independent
effect on AIDS-free survival, but which may be correlated with the CD4 count. Again, |
will call this a ‘laboratory marker’, but it may represent any other time-updated covariate

which is related to the CD4 count in some way.

For each of these analyses, CD4 counts are assumed to be measured monthly and the
probability that they are missing is related to the underlying CD4 trend as described
earlier. Results for k=1/4, 1 and 4 are included as these are sufficient to illustrate the

pattern of the results.
7.6.1 A co-factor which improves the immune status of patients

I will firstly consider a co-factor which has the effect of raising the underlying CD4 count
at baseline, in this case at seroconversion, but which doesn't have any effect on the
subsequent rate of CD4 decline. | will then consider a co-factor which slows down the
rate of CD4 decline but which doesn't change the absolute level at seroconversion. In
both cases any effect of the co-factor on AIDS-free survival acts solely through the CD4
count. Once the CD4 count is adjusted for in the proportional hazards model, therefore,
no residual effect of the co-factor should remain and its relative hazard should be

approximately equal to one.

For the first scenario, the co-factor is assumed to raise the underlying CD4 trend at
seroconversion by a mean of six units on the square root scale. Individual responses to
the co-factor are assumed to vary around this normally with a standard deviation of three
units. Hence, for a patient initially with a CD4 count of 500 cellssmm?®, the co-factor
raises the underlying CD4 count at seroconversion to 804 cells/mm® on average
whereas for a patient with only 200 cells/mm? at seroconversion the therapy raises the
CD4 count to only 406 cells/mm® on average. The size of this effect is chosen so that
the unadjusted co-factor relative hazard is [arge and that the effects of adjustment on the

relative hazard can easily be seen.

Unadjusted for the CD4 count (top half of Table 7.4) this co-factor appears to lead to a
31% reduction in the hazard of AIDS. After adjusting for the CD4 count, either with mild
(k=1/4) or moderate (k=1) variability, an increase in the relative hazard estimate is seen.

The 90% range of the relative hazard estimates includes one in each case. However, of
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interest is the finding that the median relative hazard estimate is now greater than one,
suggesting a detrimental effect of the co-factor after adjustment for the CD4 count.
When heavy variability (k=4) is added to the CD4 count, the results remain heavily
biased with both the adjusted relative hazard estimate and the upper limit of the 90%

range remaining below one.

Table 7.4 : The effect of variability in the measurement of the CD4 count on the relative
hazard estimate of a co-factor which improves the immune status of patients by (i)
raising the CD4 count at seroconversion and (ii) slowing the rate of CD4 decline. CD4
counts are measured monthly and the proportion missing depends on the underlying

CD4 trend

Effect of co-factor Variance Median 90% range
is estimate of  of hazards
multiplied relative
by ; hazard
Raise CD4 count | Unadjusted 0.69 0.54 - 0.86
at seroconversion 'co-factor effect
, Adjusted co-factor 1/4 1.20 0.98- 1.51
1effect 1 1.11 0.96-1.33
4 0.81 0.68-0.99
Slow rate of CD4 | Unadjusted 0.68 0.53 *0.84
decline 'co-factor effect
1 Adjusted 1/4 0.92 0.75- 1.11
co-factor effect 1 0.87 0.72- 1.01
1 4 0.73 0.61 -0.88

For the second scenario, the co-factor is assumed to slow the rate of VCD4 decline by,
on average, 0.5 units per year. Individual responses vary around this normally with
standard deviation 0.25 units. Unadjusted for the CD4 count, this co-factor again
appears to reduce the hazard of AIDS considerably. After adjustment for the CD4 count,
with either light or moderate variability added, the relative hazard estimates still
overstate the residual co-factor effect. However the 90% ranges include one suggesting
that in many cases the correct conclusion regarding the effect of the co-factor would be
reached. After adjustment for the CD4 count with heavy variability, however, the relative
hazard estimate still suggests a large residual co-factor effect and the upper limit of the

90% range remains below one.
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7.6.2 A second laboratory marker

Very often the prognostic values of other laboratory markers, which may be correlated
with the CD4 count, are of interest. These markers are often measured at the same
timepoints as the CD4 count. For this analysis | will assume that a second laboratory
marker is measured perfectly and values will be missing whenever the CD4 count is
missing. The second marker in itself is assumed to have no independent effect on
AIDS-free survival. However, any correlation between this marker and the underlying
CD4 trend will result in apparent prognostic value for the development of AIDS in
analyses where the CD4 count is not adjusted for. After adjustment for the CD4 count,

however, no residual effect on AIDS-free survival should remain.

The top section of Table 7.5 shows the results for a laboratory marker which is
uncorrelated with the CD4 count. Adjusting for the CD4 count would not be expected to
have any great effect on the estimate of its relative hazard. Unadjusted for the CD4
count this laboratory marker has no prognostic value for the development of AIDS. After
adjustment there are no consistent patterns to the relative hazard estimate and any
differences are likely to be due to random variation rather than any other effect. The
range of estimates is wide, however, both before and after adjusting for the CD4 count,
which is again most likely a function of the variability introduced when generating 200

different data sets for each analysis. | will address this issue in the Discussion.

The middle section of Table 7.5 shows the results for the situation where the second
laboratory marker is moderately correlated with the CD4 count (correlation coefficient of
between 0.3 and 0.4 at each time point). For this and the following analysis, the marker
was generated by adding a random amount to the underlying CD4 trend; the larger this
amount the smaller the correlation between the two markers. In a univariate analysis, it
appears that a one unit drop in the second laboratory marker is associated with an 8%
increase in the hazard of developing AIDS. Adjustment for the measured CD4 count,
either when light or moderate variability is added, brings the relative hazard estimate
down towards one. However, with heavy variability (k=4) the relative hazard estimate
and the lower limit of the 90% range both remain above one, suggesting that there is a

residual marker effect.

When the two laboratory markers are more highly correlated (correlation coefficients of
0.7 to 0.8), the results are more heavily biased (bottom section of Table 7.5).
Unadjusted for the CD4 count, a one unit drop in the laboratory marker appears to be

associated with a 42% increase in the hazard of developing AIDS.
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When the CD4 count is measured with very little variability, the adjusted relative hazard
correctly falls towards one. After adjustment for the CD4 count with either moderate or
heavy variability, however, the relative hazards and lower limits of the 90% range remain
above one, suggesting that there is at least an 7-32% increase in the hazard of AIDS per

unit increase in the marker, even after adjustment for the CD4 count.

Table 7.5 : The effect of variability in the measurement of the CD4 count on the relative
hazard estimate of a second laboratory marker which is (i) uncorrelated with the CD4
count, (ii) moderately correlated with the CD4 count and (iii) highly correlated with the
CD4 count, but which does not in itself have any independent effect on AIDS-free
survival. The CD4 count and the second laboratory marker are measured monthly and

the proportion of both markers which are missing depends on the underlying CD4 trend

Correlation Variation Median 90% range for
with CD4 is estimate of estimates
count multiplied relative
by: hazard
None | Unadjusted 105 0.37 «3.09
["Adjusted for 1/4 1.02 0.43 -2.65
| CD4 count
1 0.94 0.39 - 2.58
1 4 1.00 042 -2.54
Moderate  1Unadjusted - 1,08 1.06*1.10
[*Adjusted for 1/4 1.00 0.99-1.02
1CD4 count
1 1.02 1.00-1.03
1 4 1.06 1.05-1.08
High 1Unadjusted - 1.42 1.37-1.48
["Adjusted for 1/4 1.01 0.97-1.06
1CD4 count
1 1.1 1.07-1.18
1 4 1.37 132-1.43

7.7 Robustness of the results to model assumptions

Many assumptions about the underlying CD4 trend have been made when performing
these simulations. These assumptions have been chosen to reflect current knowledge
of the pattern of decline of the CD4 count throughout HIV infection, and have been

influenced by findings from this cohort. Further, a number of assumptions have been
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made to ensure computational simplicity and interpretability. As it appears that the
pattern of HIV infection may be changing over time, it is of interest to assess whether the

results from these simulations depends on some of these assumptions.

Tables 7.6, 7.7 and 7.8 show results from sensitivity analyses for the assumptions about
the parameters of the fitted model. Table 7.6 shows the results of changing the
distribution of the CD4 count at seroconversion. Both the mean and standard deviation
of the CD4 count are in turn decreased and increased to illustrate situations where the
underlying YCD4 count at seroconversion is, on average, lower or higher than that seen
in our cohort, or where the underlying VCD4 count at seroconversion is more or less

variable between individuals.

Table 7.6 : Robustness of methods to changes in the CD4 count at the time of
seroconversion. CD4 counts are measured every month and the proportion missing

depends on the underlying CD4 trend

Change in Variance Median 90% range of
assumption is estimate of estimates
muitiplied relative
by : hazard
Mean VCD4 at 2505 1/4 428 3.78-4.92
seroconversion 1 2.76 2.47 - 3.06
4 1.16 1.13-1.20
30.05 1/4 4.23 3.74 - 4.81
1 2.81 2.56 - 3.09
4 1.19 1.15-1.23
3505 1/4 4.09 3.60-464
1 2.80 2.55-3.05
4 1.21 1.17 -1.26
standard deviation 5 1/4 429 3.89-4.90
of VCD4 at 1 2.81 2.56 - 3.08
seroconversion 4 1.18 1.15-1.22
7.22 1/4 423 3.74 - 4.81
1 2.81 2.56 - 3.09
4 1.19 1.15-1.23
10 1/4 4.04 3.52-4.64
1 2.70 2.49 -3.05
4 1.20 1.17-1.25
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Table 7.7 shows the results of analyses for the underlying rate of VCD4 decline over
time. Again, both the mean and standard deviation of the rate of VCD4 decline have

been changed.

Table 7.7 : Robustness of methods to changes in the rate of CD4 decline. CD4 counts

are measured every month and the proportion missing depends on the underlying CD4

trend

Change in Variance is Median 90% range of

assumption multiplied estimate of estimates

by : relative hazard

Mean rate of VCD4 | -1.58  1/4 4.44 3.94-4.98

decline 1 2.87 2.64-3.23

4 1.19 1.15-1.24

-1.88 1/4 4.23 3.74 - 4.81

1 2.81 2.56 - 3.09

4 1.19 1.15-1.23

-218  1/4 4.32 3.90-4.87

1 2.78 2.54-3.04

4 1.17 1.14-1.21

standard deviation 1 1/4 425 3.78 - 4.81

of \CD4 decline 1 2.70 2.49-2.98

4 1.15 1.12-1.19

1.44 1/4 4.23 3.74 - 4,81

1 2.81 2.56 - 3.09

4 1.19 1.15-1.23

2 1/4 4.37 3.99 - 5.01

1 2.91 2.69-3.16

- _ 4 . 1.20 _ 117-1.25

Table 7.8 shows the results when the distribution of the CD4 count at AIDS diagnosis is
changed. Three different distributions have been considered. The first situation forces
the overall CD4 count at AIDS diagnosis to be lower, with a 0.5 probability of AIDS
developing in the range 0-50 cells/mm?, 0.4 probability whilst the CD4 count is in the
range 51-100 cells/mm® and a 0.1 probability whilst the CD4 count is in the range 101-
150 cells/mm® (mean count at AIDS 55 cellssmm®, standard deviation 33 cells/mm®).

AIDS is assumed not to develop at higher counts.
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The second situation assumes a higher CD4 count at the time of AIDS on average, with
the probabilities of AIDS developing in the five CD4 ranges of 0.1, 0.3, 0.4, 0.15 and
0.05 respectively (mean 114 cells/mm?®, standard deviation 53 cells/mm?). Finally, the
situation where the probability of developing AIDS in each range is 0.2 is considered

(mean 130 cells/mm?®, standard deviation 78 cells/mm>).

Table 7.8 : Robustness of methods to changes in the CD4 count at the time of AIDS
diagnosis. CD4 counts are measured every month and the proportion missing depends

on the underlying CD4 trend

Change in i Probabilities Variance Median 90% range of
assumption is estimate of estimates
multiplied relative
by : hazard
CD4 0.5,04,01,0,0 1/4 12.11 10.12 - 14.67
counts 1 4.65 413-5.34
at AIDS 4 1.22 1.18 - 1.28
0.1,0.3,0.4,0.15,0.05 1/4 5.35 457 -6.18
1 2.97 271-3.24
4 1.19 1.15-1.23
0.2,0.2,0.2,0.2,0.2 1/4 3.18 2.94 -3.42
1 2.36 2.21-2.52
4 1.17 1.13-1.20

The choice of the CD4 count at seroconversion and the subsequent rate of decline
throughout infection have little effect on the relative hazard estimate. However, the
choice of the distribution for the CD4 count at AIDS diagnosis does have a large impact
on the relative hazard estimate, with values being higher when the distribution of CD4
counts at AIDS is lower and more concentrated. In all cases, whilst the relative hazard
may be higher or lower as a result of the different assumptions regarding the relationship
between the CD4 count and the development of AIDS, the effect of increasing variability
on these relative hazard estimates is unchanged and the addition of a higher level of

variability leads to a reduced relative hazard estimate in each case.
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7.8 Discussion

Despite the introduction of new laboratory methods and quality control schemes to
standardise methods, the CD4 count remains an imperfectly measured marker. The
problem of measurement variability in the CD4 count is of particular concern because it
is the gold-standard marker against which all others are compared. In this chapter |
have shown that as the variability in the CD4 count increases, the relative hazard
estimate for the CD4 count drops quite considerably. The effect of missing values on
this estimate are small in comparison and do not really become apparent until a large
proportion of values are missing. In the presence of variability in the CD4 count,
erroneous conclusions may be drawn about the value of other covariates in the model,

whether they are measured with error or not.

Much work has already been carried out documenting the variability in the CD4

308317328 |Indeed clinicians now prefer to take confirmatory readings before

count
making clinical decisions. However, the implications of this variability have not yet been
transferred to the research setting where single CD4 measurements, or serial
measurements over time are frequently used. For example, the CD4 count has been
suggested as a possible surrogate marker for the development of AIDS in clinical trials.
Prentice’s criteria for surrogate endpoints in clinical trials*® state that the CD4 count
should predict the development of AIDS. Further, it should totally explain any
treatment’s effect on the development of AIDS, ie. after adjustment for the CD4 count
there should be no residual treatment effect. Recently, in the AIDS Clinical Trials Group

405 it was

(ACTG) 019 randomised controlled trial of zidovudine versus placebo
suggested that the CD4 percentage was not a good surrogate marker as it did not
explain all of the treatment’s effect on the development of AIDS. The results in this
chapter illustrate that even if a co-factor, or equivalently a treatment effect, acts solely
through the underlying CD4 count, the measured count may not explain all of this effect
and qualitative conclusions about the effect of the co-factor may be wrong. Under
Prentice’s definition of a surrogate marker, therefore, the measured CD4 count will not
be a good surrogate marker for the development of AIDS. As almost all laboratory
measurements are subject to some variation, either due to measurement imprecision or
due to natural biological effects, this casts doubt on whether a laboratory marker could
ever meet Prentice’s stringent criteria and therefore be used as a surrogate marker for
the development of AIDS. It may be necessary to adapt the currently used definition of

a surrogate marker in order to allow for the effects of variation.
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The implications of the results in this chapter for other laboratory markers are also
potentially serious. The results presented do not suggest that these other variables
should not be used as prognostic markers. In this case it is the relationship between the
measured CD4 count and disease progression which is of primary interest. However,
the care should be taken when using the results to search for pathogenic mechanisms
by which other markers may have an effect on disease progression. In this situation it is
the relationship between the underlying CD4 trend and disease which is of interest and
this is not the same as the relationship between the measured CD4 count and disease
progression. A correlation of 0.7-0.8 between the CD4 count and a second laboratory
marker may seem rather high. However, correlations of this level are not uncommon in
HIV infection. In this cohort, both the IgA level and the CD8 count are correlated with

the CD4 count. Therefore, these results may be pertinent in these analyses.

The effect of measurement variability on a single covariate is well documented>®>%".

The loss of information which results from measurement errors reduces the precision of
parameter estimates as well as the power of statistical tests about these parameters4°3.
When more than one variable is included in the model incorrect conclusions may be
drawn about all covariates even if many of them are measured perfect|y4°6'4°7, with the
degree and direction of the bias on other covariates in the model depending on the

402

strength of correlation between these covariates and the CD4 count™ . Where models

include covariates which are highly correlated the contribution of individual covariates is

407,408

hard to distinguish even in the absence of variability In these cases correction

methods are unlikely to give the correct estimates of coefficients in the model.

Many of the proposed correction methods for parameter estimates require knowledge of
the conditional distribution of the true values of the covariate given the measured
values®®. In practice, however, this information is rarely available although it may be
possible to use repeated measurements at each time point to get some idea of this
distribution®®. The process of estimating this distribution may also, however, influence
the precision of the estimates for the parameters of interest'’®. An alternative approach
which does not require knowledge about the distribution is to reduce the level of
variability as far as possible. Repeated measurements may be taken at each visit and
the average of these used in the model in place of the single measurement*®®,
However, this may not be cost-effective or feasible. Whilst improvements in laboratory
techniques may have a beneficial effect, it is likely that improvements in measurement
will only reduce the variation to a certain degree. Hughes®?® suggested that the effect of

measurement variability could be reduced either by following a large number of
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individuals for a short period of time to ensure high levels of censoring or by selecting a
more homogeneous population. However, in cohort studies designed to assess the

long-term outcome of patients neither approach is practical.

A number of assumptions have been made when setting up the simulation model. The
results appear to be fairly robust to changes in model parameters. However, other more
fundamental assumptions should be validated. The underlying assumption in these
simulation studies is that the CD4 count, or something closely related to it, is directly
related to the development of AIDS. The effect of other factors which may not act
through the CD4 count, such as the age of the patient and the development of either p24
antigenaemia or bacterial infections, are not considered to have an effect. However, it is
believed that the results from this Chapter will remain valid even if the patients prognosis
does not fully depend on the underlying CD4 trend. Simulation models which
incorporate other factors could be investigated if desired. More complex variability
structures could also be built into the model although it is unlikely that this will have a
large effect on the resulting conclusions. The findings in this thesis regarding the
prognostic value of some co-factors and laboratory markers for the development of AIDS

should also now be questioned in light of the results in this chapter.

A more fundamental assumption made is that the underlying CD4 trend follows some
smooth pattern throughout infection, in this case a linear decline in the square root.
Deviations from this smooth pattern are assumed to represent random noise which has
no effect on disease progression, ie. short-term fluctuations in the CD4 count are
unrelated to disease progression and it is only the long-term change over time which is
important. It may be the case, however, that some of this short-term variability may, in
itself, be important for assessing prognosis. For example, a sudden increase in HIV
viraemia may be associated with a short-term drop in the CD4 count. It is tempting to
see this drop in CD4 count as random ‘noise’ and to disregard this as having no effect
on disease progression. However, in doing so any direct or indirect effect of the virus on

both the CD4 count and disease progression would be overlooked.

When using the real cohort data, the use of six-monthly mean values improved the fit of
the model and increased the relative hazard estimate from that obtained using all routine
CD4 counts. This suggests that much of the short-term variability is indeed unrelated to
disease progression in this cohort. Running averages of the previous three values,
however, did not improve the fit of the model. As described in Chapter 5, this is likely to
be due to the fact that previous CD4 counts may have, in some cases, been measured a

long time before the most recent count. This simulation model could be used to assess
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the impact of different smoothing methods on the relative hazard. However, smoothing
methods shown to be effective will be very dependent on the model specified, in
particular on the choice of the distribution of the random variability around the underlying
CD4 trend. Consequently, this is one aspect of variability which may be better studied in

real rather than simulated data.

In carrying out the simulations presented in this Chapter, separate data sets of 500
individuals were generated 200 times for each analysis. The rationale behind generating
separate data sets was to remove any reliance of the results on any particular data set
generated. However, the generation of separate datasets does introduce a further level
of random variability. This is particularly noticeable in Table 7.5 where the 90% range of
estimates for the marker effect are in some cases very wide. This level of variation
could be eliminated by generating only one data set consisting of a much larger number
of individuals and then using this one data set for all analyses. However, as the number
of individuals in the data set increases, there is a large increase in the time required to
calculate the relative hazard estimate from the proportional hazards model. Whilst | plan
to consider the effect of eliminating this extra level of random variability in the future,
only the first option, of using 200 smaller data sets for each analysis, has been

presented in this thesis.
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CHAPTER 8 : CONCLUDING REMARKS

8.1 Summary of main findings

In this thesis | have presented the findings from an epidemiologic follow-up of a well-
characterised cohort of 111 HIV-positive men with haemophilia registered at the Royal
Free Hospital Haemophilia Centre. The men were infected with HIV between 1979 and
1985 after treatment with infected blood products and dates of seroconversion can be
estimated for all of the men. As the men are followed closely for the development of HIV
disease, they are an ideal group in which to study the progression of HIV disease and to

identify factors associated with disease progression.

By 14 years after seroconversion to HIV, 47 of the men have developed AIDS and 45
have died, the majority of deaths (93%) being either directly or indirectly related to HIV
infection. The median time to the development of AIDS in this cohort is now 13.1 years
after seroconversion, somewhat longer than that reported in other cohorts of HIV-
infected individuals. This may partly be due to the long follow-up time in these
individuals but may also be a result of careful patient monitoring and the use of
prophylaxis and zidovudine once the CD4 count falls to a low level. Prior to AIDS the
vast majority of patients (73.9%) have developed some manifestation of their HIV
infection, the development of the first HIV-related event occurring an average of only 6.8
years after seroconversion. These conditions may include the development of bacterial

infections, skin complaints, thrombocytopenia, oral candida or herpes zoster.

The CD4 lymphocyte count declines in a quadratic manner over time, with patients
becoming increasingly likely to develop AIDS or die once their CD4 count has fallen to a
very low level. The CD4 count has been confirmed as a good prognostic marker for the
development of AIDS, death and minor clinical events in this cohort. The rate of CD4
decline provides some additional prognostic information, suggesting that individuals
whose CD4 counts have dropped to low levels rapidly are more likely to develop disease

than those whose counts have dropped to the same low levels less rapidly.

As patients included in the cohort are of a wide age range, this cohort offers a good
opportunity to study the effect of age on disease progression. Disease progression,
especially progression to death, is more rapid in individuals who are older at the time of
seroconversion, and this age effect cannot totally be explained by more rapidly declining

CD4 counts in these individuals. Patients who are thought to have seroconverted either
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prior to 1981 or from 1983 onwards also have faster disease progression. Whilst
improved clinical care for HIV-infected patients has undoubtedly resulted in a gradual
lengthening of incubation periods over time, increased awareness of AIDS and changes
in the AIDS definition may also have artefactually shortened incubation periods in some

patients as clinicians diagnose patients with AIDS sooner.

The wide variation in incubation periods amongst patients in the cohort, even amongst
those with similar CD4 counts, means that the search for additional markers of disease
progression continues. With this in mind, a number of other routinely measured
laboratory markers have been studied in this thesis. A drop in the CD8 lymphocyte
count at first appears to provide prognostic information for HIV disease progression.
However, at late stages of disease, patients with the lowest CD4 counts also tend to
have low CD8 counts. Consequently, the CD8 count simply identifies these individuals.
After adjusting for the CD4 count, the CD8 count does not, therefore, provide any
independent prognostic information. As IgA levels rise throughout infection it appears
that they may offer some additional prognostic information. Despite the finding that IgA
levels are correlated with the CD4 count, and as such may be expected not to provide
any independent information on prognosis, the IgA level does appear to be a useful
prognostic marker for the development of clinical disease. The B2M level may also offer
some additional prognostic information for the development of clinical disease when
patients have relatively high CD4 counts, although it is debatable whether any additional
information is provided at lower CD4 counts. The development of p24 antigenaemia,
traditionally one of the first indications of HIV infection, heralds a deterioration in the
patient's clinical condition, even after considering all other markers of disease
progression. In addition, the development of bacterial infections is also a bad sign, with

patients progressing more rapidly after the development of such conditions.

In general CD4 counts are measured every three to six months on patients in the cohort.
However, their measurement has become more frequent as the value of the CD4 count
has become recognised, and also as patients become ill and attend the Centre more
frequently, resulting in irregular time intervals between measurements. Despite
improvements in laboratory methods, the CD4 count is still an imperfectly measured
marker and this may have implications for the value attributed to it as a prognostic
marker. A simple model for the measured CD4 count has been presented in this thesis.
The use of this model to simulate CD4 data for a large number of individuals has
provided a simple way of studying the effects of both missing values and of variability on

the relative hazard associated with a drop in the CD4 count. The findings in this thesis
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could be applied to any other condition where a laboratory marker changes almost
deterministically over infection and where the prognosis of the patients depends fully on
this marker. As the CD4 count becomes more variable, the relative hazard estimate
drops towards one. In the presence of a very poorly measured CD4 count, the value of
the CD4 count may therefore be vastly underestimated and this may lead to incorrect

conclusions about the role of this marker in HIV pathogenesis.

8.2 Implications of results and future plans

Before any new and potentially expensive laboratory marker is used for routine patient
monitoring, it is important to establish that the information provided by this marker does
not simply duplicate information already available from the CD4 count. The markers
chosen for analysis in this thesis have already been shown to provide prognostic
information in univariate models at fixed time points after seroconversion. However, the
amount of additional information that each marker provides when all markers are
measured regularly throughout HIV infection has rarely been studied. The results in this
thesis suggest that IgA levels, B2M levels and the presence of p24 antigen should be
measured routinely in HiV-infected patients. These markers could then be used in
combination with the CD4 count, and possibly the rate of CD4 decline, to enable
clinicians to make more informed decisions about the prognosis of the patient. For
example, the possible long-term adverse effects and the development of resistance to
antiretroviral therapies may mean that clinicians wish to delay the initiation of such
treatments in patients with low CD4 counts who are clinically well and have relatively low
IgA and B2M levels, and who are p24 antigen negative. However, clinicians may wish to
consider starting such treatments sooner than usual in individuals who have higher CD4
counts, but who have very high IgA and B2M levels, who may have developed either

p24 antigenaemia or a bacterial infection.

With its long incubation period, clinical trials which assess the value of new treatments
for HIV infection are often constrained to follow a large group of patients for a long
period of time, in order that the number of clinical endpoints (eg. the development of
AIDS or death) is sufficiently large for comparisons to be made. The search for suitable
surrogate endpoints in clinical trials is, therefore, of key importance. Unfortunately, it
appears that the CD4 count is not likely to be useful as a surrogate marker on its own as
treatment-induced rises in the CD4 count may not necessarily lead to clinical benefit to
the patients. The combined use of the CD4 count, B2M and IgA levels and the

development of p24 antigenaemia may improve on the CD4 count alone as a surrogate
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endpoint for clinical trials. Further, these markers may also provide a means to restrict
clinical trial entry to high-risk patients which may also lead to a reduction in the sample

size required for such studies.

With increased follow-up on patients in the cohort it will be possible to further study
trends in these prognostic markers throughout infection and to consider the impact of
HIV therapies and prophylaxis on these markers. Unfortunately, new developments in
laboratory methods mean that some of the markers studied in this thesis have now been
superseded by other markers. For example, the development of p24 antigenaemia is
now of less clinical importance as it has become possible to directly measure HIV viral
load. Other virological markers, such as the development of S| phenotypes, and the
number and type of different viral strains, may all be of use when determining patient
prognosis. Rather than simply consider the CD4 or CD8 count, studies are now
underway to identify whether particular subsets of these lymphocytes provide more
prognostic information than others. If these markers are demonstrated to provide
additional or better prognostic information than that provided by the CD4 count, then it is
likely that the routine measurement of these markers in patients remaining alive in the
cohort will commence. Where markers are measurable in stored serum, their value can
be assessed in all patients in the cohort. However, in many cases, it will only be

possible to consider the effect of these markers in living patients.

All haemophilic patients were co-infected with HCV after treatment with unheated
clotting factor concentrates. The impact of coinfection with HCV on HIV disease
progression is now of interest. As patients survive for longer with HIV they are
increasingly likely to develop additional complications as a result of infection with HCV.
So far, nine patients have died during liver failure in the cohort (including four patients
who died of AIDS). Further, liver function tests are abnormal in the majority of patients
who remain alive and AIDS-free. Hence, there is a real possibility of increased morbidity
and mortality from HCV infection in these patients. Further, the effect of co-infection
with other viruses, such as Epstein-Barr virus, varicella zoster virus, and human
herpesviruses 6 and 7 is as yet unknown. It is planned to measure antibodies to these

viruses in patients in the cohort in the near future.

In conclusion, therefore, this thesis has presented a selection of work carried out on this
well-defined cohort of men with haemophilia. Many of the results presented may be
generalised to other groups of HIV-infected patients and, as follow-up continues, it is
hoped that the cohort will continue to provide answers to important clinical questions in

the future.
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APPENDIX | - LABORATORY METHODS

Antibodies to HIV

Antibodies to HIV were measured by enzyme immunoassay ('Wellcozyme', Wellcome
Diagnostics, Dartford, UK). All sera screening positive for HIV antibodies were sent to a
reference laboratory for confirmation. All were confirmed as positive, on the basis of the
strong concordance between the results of testing sera by gelatin particle agglutination
(Fujirebio, Tokyo, Japan as supplied by Mast Diagnostics, Liverpool, UK), antiglobulin
immunoassay containing recombinant antigens (Abbott Diagnostics, Maidenhead, UK)

and the original screening method.
CD4 and CD8 lymphocyte counts

Absolute CD4 and CD8 lymphocyte counts were calculated from the lymphocyte count
and CD4/CD8% values which were measured as follows: Absolute lymphocyte counts
were determined by an automated whole blood counter (Ortho 'ELT 800' with differential
screen). Between 1982 and 1986 the percentages of CD4 and CD8 lymphocytes were
counted in Ficoll-Hypaque separated blood mononuclear cell suspensions using an
EPICS V flow cytometer (Coulter Electronics, Luton, UK). Since 1986 a whole blood
lysis method has been used, and the percentage of CD4 and CD8 lymphocytes
analysed by flow cytometry either using an EPICS V or FACScan (Becton Dickinson,
Crawley, UK). A monoclonal CD4 antibody, RFT4, to the CD4 antigen, and a CD8
antibody, RFT8, to the CD8 antigen were used throughout, either singly, or since 1986 in
double concentration with a monoclonal CD3 antibody (OKT3 or UCHT1). Flow
cytometer quality control was monitored using Q.C. beads, and in the UK National
External Quality Assurance Scheme (NEQAS).

IgA

IgA is measured using a commercial reagent from Boehringer Mannheim (Germany) and
is measured on a Hitachi 911. Human IgA (Ag) in a sample reacts with anti-IgA
antiserum (Ab) in a buffered solution to form Ag/Ab complexes. The complexes cause
turbidity of the buffered solution. The turbidity is measured at 340 nm and is
proportional to the IgA concentration. Polyethylene glycol is added to accelerate the

Ag/Ab reaction.
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p24 antigenaemia and antibody levels

The presence of p24 antigen was measured by enzyme immunoassay (Abbott
Diagnostics, Maidenhead, UK). p24 antibody levels were measured using a kit from

Wellcome Diagnostics (Dartford, UK).
Beta-2 microglobulin

A commercial radial immunodiffusion (RID) method was used to measure B2M
retrospectively in stored serum samples (NanoRID, Binding Site Ltd, Birmingham, UK)
and monitored by QC controls and the UK NEQAS quality assurance scheme.

cmMv

Antibodies to CMV were measured by radioimmunoassay for IgG antibodies to the virus

using cell extracts from CMV infected fibroblasts (Behring Diagnostics, Germany)41°’4".
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APPENDIX |l - STATISTICAL METHODS

1 The Cox Proportional hazards model

1.1 Introduction

The Cox proportional hazards model has been used frequently when analysing the data

*2 and Andersen*'® have written very good

for this thesis. Altman and de Stavola
reviews of the model and of some of the problems encountered when fitting the model.
This section will give a short summary of the statistical ideas which form the basis of the

model.

Let an individual i, i=1, 2, .., N, be observed from time 0 to a failure or censoring time, T;,
and let D; be the corresponding censoring indicator for that individual which takes the
value 1 if T; is a failure time and 0 if T; is a censoring time. It is of interest to study the

relationship between the intervals (0, T;) and a set of covariates, z4, ... z,.

The hazard function, Ai(t), defines the probability that an individual i fails at time t, given
that they have survived up to that point in time. The cumulative survival function at time
t, Si(t), often estimated using the methods of Kaplén and Meier*?, expresses the
cumulative probability of having survived to that point in time and is related to the

cumulative hazard function, Hi(t), by :

Si(t)  =exp (- Hi(t)) (1)
t
=exp (-fo Ai(u) du) ()
It is possible to make univariate comparisons of the effect of covariates on survival using
the log-rank test*®. However, it is often the independent effects of multiple covariates on
survival that is of particular interest.
1.2 The basic model

2414

The proportional hazards model was proposed by David Cox in 1972" ", who suggested

that the hazard function could be expressed as
Ai(t) = Ao(t) exp{Bizis + B2z + ... + BqZig) (3)
or, in vector form

Ai(t) = Ao(t) exp (Bz;) (4)
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where Aq(t) is some baseline hazard function, z; is the vector of the covariate values z;,
j=1,...,q, measured on individual i at baseline (at time zero) and § is the vector of

unknown model parameter values, §; j=1,....,q, which are to be estimated.

The ratio of the hazards for two individuals i and k with covariate values z; and Zy

respectively, is therefore given by :

Ai(t) A(t) = exp {B(zi- z)} (5)

This is known as the relative hazard and, since it is independent of t, the value is
constant over time. The hazards for the two individuals are therefore proportional. This

value is also independent of the baseline hazard, Aq(t).

When there are no ties among the failure times, the estimation of the parameters j3;,

i=1,....,q, is performed by maximising the partial likelihood L(B), given by:

LB) = IT| exp(Bz) |” (6)
" |2 fexp (B2}

where R; is the set of all subjects at risk at each event time, T;, and D; is the censoring
indicator. Each element in the likelihood is the probability that an individual, i, fails at
time T;, given that only one individual fails at T;, Where tied event times occur an

approximation suggested by Peto is often used*'®.
1.3  The time-updated model

The above model is based on covariates measured at baseline. Hence, relative hazard
estimates are expressed in terms of each individual's baseline value of the covariates
only. However, many covariate values change over follow-up and repeated
measurements are often available for analysis. These covariates are known as ‘time-
updated’ or ‘time-dependent’ covariates. The Cox model can be extended to incorporate

such covariates.
If
Ai (1) = Xo"(t) exp (B"zi(t)) (7)

where z;(t) are the updated covariate values for subject i at time t. Estimation of the
parameters B" is carried out again by maximising the log of the partial likelihood, with

equation (6) re-expressed as :
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L) = T1|_exp B'zt) |° (8)
| Zfexp (B2}

43,41
418 However,

Estimates of the baseline hazard function, A,"(t) can be made if desired
as these estimates are usually based only on the baseline values of the covariates the

estimate of this hazard is of little relevance when considering time-updated covariates.
1.4 Confidence intervals and testing for significance

In large samples the distribution of the parameters 3 can be approximated by a normal
distribution with mean, variances and covariances which can be estimated from the
second derivative of the log of L(B). Hence confidence intervals and hypothesis tests for
B can be performed in the usual way. Given a parameter estimate 3; and standard error

for this estimate, a 95% confidence interval can be calculated as
B+ 1.96 x s.e.(B) (9)

and the ratio of {; to its standard error can be compared to a Normal distribution in order

to test whether it is significantly different from zero.
1.5  Proportionality assumption

This model relies on the fact that the ratio of hazards in equation (5) is independent of
time. This assumption can be tested, both for fixed and time-updated covariates, by
incorporating the interaction between the covariate of interest and the log of time in the
model*'*. If the parameter estimate for this interaction term is significantly different from
zero then there is evidence that the relative hazards are not proportional over time.
Alternatively, the total follow-up time can be split into intervals and the relative hazard
estimated separately in each interval. These estimates can be visually inspected to see

if the hazard appears to change over the different time intervais*'2.

2 MODELS FOR REPEATED MEASUREMENTS
2.1 Introduction

Frequently, multiple measurements of the same marker are obtained from individuals at
different time points. It may not be possible to control the circumstances under which

measurements are taken and there may be considerable variation among individuals in
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both the number and timing of observations. The resulting unbalanced data sets could
be modelled using a general multivariate model. However, unless some restrictions are
placed on the structure of the covariances between the repeated measurements on the
same individual, a large number of parameters will be required and many of these will be

poorly estimated.

Models which study this type of data by imposing some restrictions on the covariance

417421 5uch models make no

structure have been proposed since the late 1970s
requirement of balance in the data, i.e. the number and timing of measurements can
vary between individuals. Further, they usually allow for the explicit modelling and
analysis of the covariance structure. Very often the covariance structure may be of
interest in its own right. However, even if not, the modelling of a parsimonious error

structure leads to more efficient parameter estimates.

Given an individual i, i=1,.....,n, with t; repeated measurements of each variable j,

i=1,....,p, the general formulation for these models can be given by :
Yi=XB+eg (10)

where y; is the vector of responses for the individual i, X; is a (t; x p) flexible design
matrix, B is a (p x 1) vector of parameters and e; is independently and identically
distributed N(0, X5;). X; describes the covariance structure for the individual i, i=1,......,n,
and can be written as a function of the parameters 0, i.e. ¥;=2,(0) fori=1,...,n. The
general formulation comprises of two parts, therefore, the regression part of the model in
which B is estimated, and the model for the covariance structure, >,(0), in which 0 is
estimated. The specific form of the covariance structure chosen, and the interpretation

of the resulting coefficients differs according to the type of model fitted.

This general structure includes marginal models, transition (or Markov) models and
random or mixed effects models as special cases. In the case of marginal models the
two stages of the model are modelled separately. The coefficients are interpreted as
‘population averages’, as if they had been estimated from a cross-sectional study.
Transition models attempt to address both the regression part of the model and the
covariance structure simultaneously in a common equation. Finally, in random-effects
models the probability distribution for the multiple measurements has the same form for
each individual, but the parameters of that distribution, B, vary over individuals. It is this
class of models which are of most relevance for the data contained in this analysis, as

repeated measurements of many laboratory markers are available for each patient in the
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cohort and it is important to consider the within-person changes of these markers over
time. Both growth curve analyses*?? and repeated measures analyses could be

modelled as special forms of a general random effects model.

The first random effects models were proposed by Laird and Ware in 1982*'7. In this

paper, the general model was reformulated as :
Yi = Xja + ZiB; + € (11)

where a is a (p x 1) vector of unknown population ‘fixed’ parameters and X; is the (t; x p)
design matrix which links o to y;. B;is a (k x 1) vector of unknown individual ‘random’
effects and Z; is the (t; x k) design matrix which links B; to y;. The B; are distributed as
N(0, D) independently of each other, where D is a (k x k) covariance matrix. e; is
distributed as N(0,R;), where R; is a (1; x t;) covariance matrix with parameters which do
not vary between individuals and is independent of the individual covariance matrix, D.
Very often e;; is given by the simple form of o1, where I is the identity matrix. In other
words, after taking account of the parameters o and f3;, measurements on the same
individuals at different time points are independent. In this case the model is called a

‘conditional-independence’ model.

The estimation of the parameters from these models has to be performed iteratively, as
both the covariance structure and the population parameters need to be estimated.
Either maximum likelihood or restricted maximum likelihood methods were suggested,
with the EM algorithm being proposed as a means of estimating these parametersm.
However, at the time there was no simple computer package which enabled parameters
to be estimated easily. As a consequence, the use of random effects models was
limited. Goldstein*?° reformulated this random effects model as a two-level model in
which level one was taken to be the within-individual level and level 2 was taken to be
the between-individual level. He showed that the within-individual covariance, e;;, could
be allowed to be a function of individual patient characteristics. More recently, the
availability of special software for the estimation of the parameters of the model has
meant that the use of multi-level modelling is becoming more widespread. The software
has recently been further extended to allow for more than two levels of data, allowing for

a far more complex hierarchy of data to be modelled.
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The progression of HIV disease

in a haemophilic cohort followed for 12 years
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Summary. A cohort of haemophilic patients who serocon-
verted to HIV-1 between October 1979 and July 1985 has
been followed to 1 January 1992. The median age at initial
seropositivity was 2 years with a range of 2-77 vears. By
January 1992. 38111 (34%) had developed AIDS and 39/
111 (359, had died (four of liver failure including one
hepatoma). Using Kaplan-Meier plots. the calculated progres-
sion to AIDS at 12 vearsis 45%(95%CI 31. 58): for age > 25
vears 639% (9359, CI 45. 82). age <25 vears 329%1(95%CI 15.
48) P=0-0001: CMV positive 68% (95% CI 48. 87) CMV
—ve 20% (95% CI 8. 32) P=0-0009. The 12-year progres-
sionratetoCD++0-2 or AIDSis 66%195%CI55.76).21/34

(63%) of patients who are p24 antigen positive have
developed AIDS compared to 17/77 (229) who are p24
antigen negative (=0-0001). 19/34 (56%}and 20/77 (239%))
of those p24 positive and negative respectively have died
(P=0-007). Before antiviral and prophylactic treatment for
asymptomatic patients there were nine AIDS cases in 3-84
vears experience with CD+ + <0-05 (1/0-43 years) and since
treatment, 10 AIDS casesin 18-22 years (1 '1-8 years). Age.
CMV status and p24 remain strongly predictive of disease
progression. Treatment appears to reduce the incidence of
AIDS.

We have previously described the natural course of HIV
infection in a cohort of haemophilic patients infected with
HIV-1 (Lee et al. 1989. 1990. 1991). The earlier use of
zidovudine. the use of prophvlaxis against Pneumocystis
carinii pneumonia and the widespread use of anti-candida
therapy appears to have led to a fali in the incidence of AIDS-
defining conditions (Khoo ¢t al. 1992). Thus the Centres for
Disease Control (CDC) has proposed a new AIDS definition
which would include people who already meet the 1987
AIDS definition (CDC 1987). as well as all adults and
adolescents infected with HIV-1 who have a CD4 lymphocyte
(CD4 + 1 count of less than 0-2 x 10* 1 {CDC. 1992). In this
12-vear follow-up of a haemophilic cohort. we have de-
scribed the progression of HIV-1 disease to AIDS. In order to
describe progression independent of the effect of treatment.
we have used as an endpoint the time at which treatment
would normally be instigated in the cohort: that is the date on
which a patient’'s CD4 count falls to 0-2x10"1 or on
development of AIDS whichever event occurs first.

Correspondence: Dr Christine Lee. Haemophilia Centre, Royal Free
Hospital and School of Medicine. London N3 2Q0G.
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PATIENTS

The cohort consists of 111 patients who seroconverted to
HIV-1 between October 1979 and July 1985. The follow-up
is now complete to 1 January 1992. The majority (1091 of
these patients were infected by unheated factor VIII concen-
trate, one patient received unheated factor IX concentrate
and another with moderate von Willebrand's disease is
thought to have had other risk factors. All patients are male
and the median age at time of initial seropositivity was 24
vears with a range 2-77 vears.

METHODS

The investigation of T-lvmphocyte subsets started in
November 1982. Between 1982 and 1985 the subsets were
determined on Ficoll-Hvpaque separated mononuclear cells.
Since then a whole blood method has been introduced (Botill
etal. 1992).

TREATMENT

In this cohort of haemophilic patients we have been using
zidovudine in the treatment of AIDS and CDC IV disease since

177



Table L. First AIDS defining eventin 387111
HIV-infected haemophilic patients (1987
CDC detinition).

o'

PCP

Qesophageal candida
Toxoplasma
Lymphoma

HIV wasting
Cryptosporidia
Septicaemia

CMV infection

HIV encephalopathy
Aspergillosis
Chickenpox pneumonia

v 1o w w

Probability

{ 2 3 4 5 6 7 8 9 10 11 12
Years from seroconversion

. Kaplan-Meier estimate of the rate of progression to AIDS.
red at death or December 1991.

1st 1987. Treatment of asymptomatic patients began in
mber 1988 when patients were recruited into the
cal Research Council Concorde trial—a double blind
bo-controlled trial of zidovudine. Qur current protocol
ge treatment of asymptomatic individuals is to start anti-
therapy with zidovudine, and prophylaxis with penta-
he or co-trimoxazole and fluconazole at a CD+ + count of
10%/1.

ULTS

January 1992, 38/111 (34%) have developed AIDS
the 1987 CDC definition (CDC. 1987) (Table 1). Since
atroduction of prophylaxis for pneumocystis pneumonia
in February 1989. one patient has presented with pcp
first AIDS defining events. 38/111 (35%,) patients have
Hepatic failure was the primary cause of death in four of
 patients (including one hepatoma). A further three
nts died in liver failure and thus the total deaths in liver
re were 7/39 (18%). In 8/18 post-mortems the liver
ogy showed cirrhosis (4+49%).

e Kaplan-Meier (Kaplan & Meier. 1958) progression rate
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Table II. Kaplan-Meier progression rates to AIDS (1987 CDC
detinition ()} at 12 years of follow-up.

HIV Disease in a Haemophilic Cohort

935Y% confidence
Percentage intervals

AIDS whole cohort 45 31-58

AIDS age > 25 years 63 15-82 .
AIDS age <25 years 32 15-48 p=0-0001
Relative risk (> 25 years) 3-99 2:01-7-90

AIDS CMV positive 68 48-87

AIDS CMV negative 20 8-32 } P=0-0009
Relative risk (CMV positive) 3-3 1-57-7-01

Relative risk (adjusted for age) 2-62 1:23-5-58

to AIDS at 12 yearsis 45 % (95% CI 31%. 58%) (Fig 1). Table
IT shows that progression to AIDS is speeded with increasing
age at seroconversion and CMV seropositivity, as defined by
the presence of IgG antibody to CMV. 21/34 (62%) patients
who have been p24-positive on at least one occasion have
developed AIDS compared with 17/77 (22%) who are p24-
negative (P=0-0001). 19/34 (56%) and 20/77 (26%) of
those who are p24-positive and negative, respectively, have
died (P=0-007).

The Kaplan-Meier progression of time from seroconversion
to reach either a CD4 count of O-2 or AIDS was 66% (95% CI
55%. 76%).

Before the use of antiviral and prophylactic treatment for
non-AIDS patients (November 1988) there were nine AIDS
cases in 3-84 years of experience with a CD4+ <0-05 x 10%/
| (1/0-43 years): after the introduction of treatment for
asymptomatic individuals 10 AIDS cases have occurred in
18-22 years of experience with a CD4+ <0-05 x 10%/1 (1/
1-8 years). P<0-00001.

DISCUSSION

Itis clear from this 12-year follow-up that HIV-1 disease has a
long and variable latent period—two-thirds of our cohort
remain AIDS-[ree. Although over half of AIDS defining events
were pcp. the occurrence of only one case of pcp since
February 1989 reflects the success of prophylactic treatment
(Simmonds et al. 1989). More recently because of the
reported higher relapse rate of pentamidine compared to co-
trimoxazole in secondary prophylaxis (Carr et al, 1992) we
have been using co-trimoxazole where tolerated. Kaposi
sarcoma does not appear to occur in this patient group.

It is significant that 18% of deaths were associated with
liver disease and that at post-mortem 449 of liver histologies
showed cirrhosis. It is likely that the predominant cause of
this liver disease is chronic hepatitis C virus (HCV) disease. It
has been shown that transfusion of unsterilized pooled
plasma products to previously untreated patients (PUPS)
invariably caused non A non B hepatitis or HCV hepatitis
{Fletcher et al. 198 3: Kernoffet al. 1985). Thus any individual
who acquired HIV from unheated clotting factor concentrate
must also have been infected with HCV. There is increasing
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'\'Kienix‘ ttiat iKiemophilic patients with ci'itcomittint III\'
and iiL'\' inleetion are likelv to Pe HC\' iraenne as shown h\-
per | i'edder et ai. 19911 and that IlI\' mav accelerate Iner
lailure in HC\' injected individuals iF\srer et a/. 1992).

\ee remains a puweriul tactur iniluencinp progression.
I his was tirst denionstreated In a naemonnilic cohort Iw
I'yster et al i19X7 1and has Peen since connrmed bv others
‘ntirn\- et al. 19X9: (loedert et al. |'ni'<9 The rate ol decline oi
t'D4— count is similar in ditt'erent aue groups alter the age oi
11) \ ears and it seems that there is a greater risk oi deveiopimt
AIDS among older people at a given low I'D4— count
IPhillips et al. 199 I L

Phis 12-year progression continues to show that patients
positive tor antibodies to cytomegalovirus progress to .AIDS
more quickly and that this ert'ect is independent ol age.
Althougn this has been a consistent rinding in our cohort
(Webster et a/. 1989. 1992 1others have tound in haemophi-
lic patients that the apparent association ol C\I\' and AIDS is
conlounded by age iRabkin et al. 19921

Detection of p24 antigen has been shown by others to be
associated with poor prognosis ide U olfet al. 198 7). This has
been a consistent rinding in this cohort and we have
demonstrated that the association between p24 antigenae-
mia and the rate of progression of .AIDS can be largely
explained by a more rapid decline in CD4 count among
patients with p24 antigenaemia than those without (Phillips
et al. 1991).

We have shown previously that prior to the use of therapy
for asymptomatic patients. .AIDS occurs on average at a
CD4” count 005 x 10"/l (Lee et al. 1989). In this 12-year
follow-up. therapy has influenced the natural history of H I\’
disease; whereas previously one .AIDS case occurred in 0-4 3
patient years with a CD4-+- count <(.)¢()5 x ID™ L. now the
length of time has extended to 1-8 years. This rellects the
manv patients presently existing with late-stage HIV-1
disease, manifested by a CD44- count <() ()5x 10" 1 but
AID S -free.

The new .AIDS definition proposed bv CDC would include
all individuals with a CD4* count <0-2 i.M.MWR. 1992).
This would recognize HIV infection as a chronic disease by
using a marker of immune deficiency to move the .AIDS
diagnostic label earlier in the disease natural historv iChang
et al. 1992). Patients would be diagnosed as having .AIDS
earlier; in this cohort the 12-year progression rate to the new
definition. hb%, compares to 40% to the 1987 .AIDS
definition. .Although the psychological and social effect of this
early .AIDS definition might not necessarily be desirable, the
new definition could become of maior economic significance
in countries, including the U.K.. where health care funding
for a patient with HIV-1 infection is triggered bv the diagnosis

of AIDS.
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Summary One hundred and eleven men with haemophilia at the Royal Free
Hospital Haemophilia Centre, London, became infected with HIV between
October 1979 and July 1985. This paper describes the incidence of HIV-related
disease in this cohort in the absence of pre-AIDS treatment and assesses the etfect
of antiretroviral and prophylactic therapies on this. In particular the relationship
between the CD4 count and the development of HIV-related disease is
investigated. Before the introduction of pre-AIDS treatment in November 1988,
60 patients (54%) had developed some type of HIV-related pre-AIDS condition
or AIDS. a cumulative incidence of 77% (95% Confidence Interval 63% to 91%)
by nine years after seroconversion. The probability of developing such conditions
was associated with falling CD4 lymphocyte counts and an estimated 51% of
patients (95% Confidence Interval 38% to 63%) would be expected to develop
some manifestation of HIV-related disease before their CD4 count has fallen to
02 x 10°/1. Consequently, only conditions which develop later in HIV infection
(AIDS. oral candida. herpes zoster) are likely to be influenced by treatment. Since
November 1988, there has been a reduction in these conditions, although the
reduction in the rate of new AIDS cases was small (P = 0-16). The risk of
developing oral candida has been reduced at low CD4 counts from 12 cases in 76
years of experience below 0.2 x 10%/1, prior to November 1988, to two cases in 81
years after November 1988, (P = 0-005). Similarly, since that date no herpes
zoster infections were observed in our cohort.

Keywords: haemophilia, CD4 counts, HIV, AIDS, oral candida. herpes zoster

People infected with HIV are likely to experience a number of less serious
HIV-related symptoms and conditions before developing AIDS. Patients may
suffer from skin problems. mild bacterial infections, diarrhoea, fever, weight loss

Correspondence: Caroline A. Sabin.
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and night sweats. amongst other complaints (Lang er al. 1987; Giesecke et al.
1988; Farizo et a/. 1992). Whilst most of the conditions tend not to be severe, they
are often recurrent and are frequently resistant to normal treatment (Tindall et al.
1988).

Many studies have considered the prevalence of these conditions, and progres-
sion rates to AIDS amongst patients suffering from them. Commonly studied
symptoms include lymphadenopathy syndrome (Kaplan et al. 1987a; Kaslow et al.
1987), herpes zoster (Friedman-Kien er al. 1986; Melbye et al. 1987; Alessi, Cusini
& Zerboni 1988), oral candidiasis (Klein et al. 1984; Greenspan & Greenspan
1988), hairy leukoplakia (Greenspan et al. 1987; Matis et al. 1987), and skin
problems (e.g., seborrhoeic dermatitis) (Berger ez al. 1988), some of which have
been found to be predictive of a more rapid rate of progression to AIDS. In the
past, papers which have assessed the prevalence of certain clinical conditions have
often been based on follow-up of patients over a relatively short period of time
(e.g., six months), or have estimated the prevalence rates at one particular point in
time. Few studies have been carried out which have followed patients throughout
infection, or have reported on the incidence and timing of these conditions at all
stages of HIV infection. In particular, the link between these conditions and the
CD4 lymphocyte count has only recently been considered (Lifson er al. 1991;
Coates et al. 1992).

These conditions are distressing to patients, many of whom see them as a sign
that they are progressing more rapidly to the stage at which they will develop
AIDS. Since the end of 1988 a number of new treatment and prophylactic regimes
have been introduced and are now generally available to patients with low CD4
counts who have yet to develop AIDS. These have included primary prophylaxis
for some opportunistic infections (e.g. pentamidine or cotrimoxazole for pneumo-
cystis carinii pneumonia (PCP) and fluconazole for candida) and general anti-
retroviral treatments for HIV infection, such as zidovudine and dideoxyinosine
(ddI). Due to limited follow-up of patients receiving these therapies and to the
inherent potential for biases associated with assessment of the treatment effect in
observational studies (Gail & Mark 1992), little work has been carried out on the
effect of such therapies on HIV-related conditions other than AIDS and overall
survival. In a recent paper (Lee er al. 1991) we have assessed the effect of
treatment on the development of AIDS. This paper describes the incidence of
HIV-related conditions in a cohort of haemophilic men, and investigates the
relationship between declining CD4 count and the development of these condi-
tions. Finally, we estimate the effect that new treatments have had on HIV-related
pre-AIDS conditions.

Methods

PATIENTS

The cohort has been described elsewhere (Lee et al. 1989, 1991; Phillips et al.
1991). In brief. 111 of the haemophiliacs based at the Royal Free Hospital
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Haemophilia Centre became infected with HIV between 1979 and 1985, the point
at which heat-treated clotting factor concentrate was introduced. These haemo-
philic patients have blood regularly stored, and as a result of this it is possible to
estimate patients’ dates of seroconversion (Lee et al. 1991). The patients are
reviewed for clinical and laboratory assessment at least every six months at which
time CD4 counts are measured. These counts have been measured since December
1982 up to the end of December 1991, the cut-off point for the analysis. A median
of 16 CD4 counts have been carried out on each patient (range 1-40 counts).

From August 1987, zidovudine became available in the UK and to date 51
patients have been treated with the drug. This includes ten patients receiving
active therapy in the MRC/INSERM Concorde trial of zidovudine vs. placebo in
asymptomatic HIV-infected patients. Secondary prophylaxis with pentamidine
for PCP began in March 1988 and primary prophylaxis with pentamidine for this
infection began in February 1989. To the end of 1991, 26 patients have received
primary PCP prophylaxis and 9 patients have received secondary PCP prophy-
laxis. Currently, all patients with CD4 counts of less than 0.2 x 10°/1 are given
PCP prophylaxis and zidovudine. Since April 1988, patients with a CD4 count
< 0.2 x 10%/1, have received fluconazole 150 mg weekly as secondary prophylaxis
against candida (26 patients), and primary prophylaxis for this condition began in
1990 (13 patients). Such prophylaxis may also play a role in preventing sebor-
rhoeic dermatitis where there is a fungal aetiology and other fungal infections
such as cryptococcal infection. Prophylaxis for herpes virus infection is not
currently prescribed in the cohort.

LABORATORY METHODS

Absolute CD4 counts were calculated from the lymphocyte count and CD4%
values. These were measured as follows: Absolute lymphocyte count was deter-
mined by an automated whole blood counter (Ortho ‘ELT 800’ with differential
screen). Between 1982 and 1986, the percentages of CD4 lymphocytes were
counted in Ficoll-hypaque separated blood mononuclear cell suspensions using an
EPICS V flow cytometer (Coulter Electronics). Since 1986, a whole blood lysis
method has been used, and percentage of CD4 lymphocytes analysed by flow
cytometry, using either an EPICS V or FACScan (Becton Dickinson) (Bofill et al.
1992). A monoclonal CD4 antibody, RFT4, to the p55 CD4 antigen was used
throughout. either singly or, since 1986, in double concentration with a mono-
clonal CD3 antibody (OKT3 or VCHT1). Flow cytometer quality control was
monitored using QC beads. and in the UK NEQAS external quality assurance
scheme.

DATA COLLECTION

The HIV-related conditions considered in this paper have been grouped into five
categories: mild bacterial infections (most commonly sinusitis, tonsillitis and
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otitis), skin problems (serborrhoeic dermatitis and folliculitis), oral candida,
herpes zoster (single and multidermal) and thrombocytopenia (platelet count
< 50 x 10°/1). These symptoms and conditions were only included in the analysis
if they were judged to have occurred as a result of HIV infection. In patients who
developed AIDS, conditions were only included at their first occurrence, and if
they had occurred before the diagnosis of AIDS. The diagnosis of AIDS was
made according to the Centers for Disease Control classification (1987 revision).

STATISTICAL METHODS

The Lifetest procedure in SAS (SAS User’s Guide 1985) was used to generate
Kaplan-Meier plots of the probability of developing any condition by time from
seroconversion, and according to the level of the patient’s CD4 count (Phillips
et al. 1992). The patient’s first HIV-related event was defined as the date of either
one of the listed conditions, or AIDS, according to which event occurred first. In
both cases, patient follow-up was right-censored on death, and, in order to show
disease progression independently of treatment, at the end of November 1988, if
they had not experienced any condition or developed AIDS by that time. To
assess whether the risk of developing pre-AIDS conditions, or AIDS, changed
after the introduction of treatment, we considered the total patient years free of
conditions after the CD4 count had fallen below a number of cut-off levels, and
the number of times these conditions had been recorded below each CD4 cut-off
level. The dates at which a patients CD4 count had first fallen below these levels
was estimated by linear interpolation of the dates of CD4 measurements
preceding and immediately after the patients count had fallen. The differences in
rates before and after the introduction of treatment in November 1988 were then
assessed for significance using standard procedures (Daly, Bourke & McGilvray
1991). When considering the incidence of any HIV-related event, the patient-years
observation is censored at the date of the first event.

Results

INCIDENCE OF PRE-AIDS HIV-RELATED CONDITIONS AND AIDS
BEFORE THE INTRODUCTION OF TREATMENT

To November 1988, 25 (23%) members of the cohort had developed AIDS and 16
members had died (14%); 9 deaths were from AIDS. Fifty-six patients (50%) had
experienced at least one of the conditions studied, skin problems and oral candida
being the most common complaints (Table 1). A further patient was diagnosed as
suffering from persistent weight loss, without having developed one of the listed
conditions. Most of those who experienced such conditions had developed only
one type prior to development of AIDS. However, as this is likely to be related to
the length of follow-up of the study, the number of patients suffering from more
than one type of condition would be expected to increase with further follow-up.
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Table 1. The incidence of early pre-AIDS HIV-related conditions prior to
the introduction of therapy in November 1988

Condition No. of patients % of cohort
Skin complaints 22 19.8
Oral candida 18 16.2
Bacterial infections 16 14.4
Herpes zoster 11 9.9
Thrombocytopenia 7 6.3
AIDS 25 225
Any condition (including AIDS) 60 54.1

CUMULATIVE INCIDENCE OF CONDITIONS BY THE TIME FROM
SEROCONVERSION AND BY THE CD4 COUNT

Figure 1 shows a Kaplan-Meier plot of the time from seroconversion to the
occurrence of patients’ first HIV-related event (pre-AIDS condition or AIDS). Of
patients alive nine years after seroconversion, the probability of having experi-
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Figure 1. Kaplan-Meier plot showing the proportion of AIDS-free patients experiencing an
HIV-related condition or AIDS in the absence of pre-AIDS treatment. according to the number of
years from seroconversion.
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Figure 2. Kaplan-Meier plot showing the proportion of AIDS-free patients experiencing an
HIV-related condition or AIDS in the absence of pre-AIDS treatment before the CD4 count has
declined to a certain level.

enced an HIV-related event in the absence of pre-AIDS treatment was very high
(77%, 95% CI (63%-91%)).

In a similar way to that above, a Kaplan-Meier plot of the time to the
occurrence of the first HIV-related event was drawn, according to the patients’
CD4 counts (Figure 2). The plot shows the probability of experiencing an
HIV-related event, before the patient’s CD4 count has fallen below any given
level. Although there is only a 12% chance (95% Confidence Interval 5% to 18%)
of experiencing an HIV-related event before the CD4 count has fallen below
0.5 x 10%/1, this probability rises to 51% (95% Confidence Interval 38% to 63%)
by the time the CD4 count has fallen to 0.2 x 10°/1, and rises rapidly thereafter.

THE EFFECT OF TREATMENT AFTER NOVEMBER 1988

Table 2 shows the incidence rates of the first HIV-related condition (including
AIDS) before the introduction of treatment in November 1988, after the patients’
CD4 counts have fallen below certain cut-off levels. The increase in the incidence
rate as the CD4 count declines can clearly be seen, with a much larger rate at CD4
counts below 0.1 x 10° 1. Prior to November 1988, a total of 25 first HIV-related
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Table 2. The incidence of the first pre-AIDS HIV-related event
(including AIDS) before 30th November 1988

CD4 count No. Patient-years Rate
> 0.5 10 131.2 0.08
>04, <05 5 70.1 0.07
>03, <04 7 43.5 0.16
>02, <03 13 49.9 0.26
>0.1, <02 16 41.3 0.39
> 0.05. <0.1 5 3.5 1.41
<0.05 4 1.3 3.02
Total 60 340.7 0.18

conditions were seen in 46.1 patient-years of follow-up below a CD4 count of
0.2 x 10°/1 (follow-up censored after first HIV-related event). After the introduc-
tion of treatment in November 1988, six conditions were seen in 15.9 patient-years
of follow-up, indicating a marginal reduction in rates which is not statistically
significant (P = 0.43).

At CD4 counts less than 0.2 x 10°/], there has been a significant reduction in
the rates of both oral candida and herpes zoster after the introduction of
treatment in November 1988 (Table 3). There has been a reduction in the rate of
new AIDS cases since that date, although this reduction is not significant
(P =0.16). '

Discussion
This study shows that pre-AIDS HIV-related conditions are a major problem

in HIV-infection. Without treatment, an estimated 77% of patients will experi-
ence at least one HIV-related event by nine years after seroconversion, and hence

Table 3. The incidence of individual pre-AIDS HIV-related condition types first occurring at a CD4
count < 0.2 x 10%/1, before and after November 1988

Before November 1988 After November 1988

Condition No. Patient-years No. Patient-years Relative risk
Skin complaints 10 68.34 5 71.96 0.47

Oral candida 12 75.98 2 81.00 0.16**
Bacterial infections 6 72.98 3 72.54 0.50
Herpes zoster 3 79.46 0 100.35 0.00*
Thrombocytopenia 3 83.31 2 97.06 0.57
AIDS 20 7111 13 76.30 0.61

*Significant at 5% level. **Significant at 1% level.

187



248 C.A. Sabin et al.

the implications for patient management are great. Over half of patients infected
with HIV would be expected to develop some manifestation of their disease before
their CD4 count has fallen below 0.2 x 10°/1 and under most current treatment
policies (i.e., the introduction of treatment at CD4 counts below 0.2 x 10%/1), the
introduction of pre-AIDS treatment would not be expected to affect this prob-
ability. It is therefore not surprising that the first HIV-related event (including
AIDS) has not been significantly reduced after the introduction of treatment in
November 1988. The conditions likely to be affected by the introduction of
treatment are those which tend to occur at lower CD4 counts and later on in
infection than those which are not affected. These include three conditions: (i) new
AIDS diagnoses, (ii) oral candida, and (iii) herpes zoster. In all three conditions
we have observed a reduced incidence since November 1988.

In the last year no new cases of oral candida have been seen amongst members
of the cohort, an effect which may well be due to the introduction of fluconazole.
It is also hoped that prophylaxis has reduced the number of patients developing
oesophageal candida, although, as this has never been a common AIDS-defining
condition in the cohort (one case prior to and two cases after the introduction of
primary prophylaxis in April 1988), any increase in AIDS-free survival seen after
November 1988 cannot be as a result of this.

There is a decrease in the incidence of AIDS after November 1988, at low CD4
counts, although this does not reach statistical significance due to the relatively
short follow-up on patients after this date. The effect of PCP prophylaxis and
zidovudine has been to delay an AIDS diagnosis in some patients, and, in the case
of zidovudine, to raise the patient’s CD4 count temporarily (Volberding et al.
1990). It has also been suggested that zidovudine, whilst affecting the absolute
number of CD4 lymphocyte cells in peripheral blood, may improve CD4 lympho-
cyte performance (Miedema et al. 1992). The introduction of zidovudine may
therefore be expected to reduce the incidence of HIV-related disease at each CD4
level in two ways. If the risk of developing AIDS at certain CD4 levels remains
constant, then a rise in CD4 counts would obviously result in a lower incidence.
In addition, if the CD4 cells remaining are functioning better, then the incidence
of HIV-related disease would be expected to be reduced at equivalent CD4 levels.
It is likely, therefore. that any increase in AIDS-free survival is attributable, at
least in part. to the introduction of these therapies. Further studies assessing the
relative importance of absolute numbers and functional performance of CD4 cells
on HIV-related disease are essential for the targeting of new forms of antiretro-
viral therapies.

Our study is a prospectively followed cohort of patients in whom pre-AIDS
therapy is instigated either at low CD4 counts or when the patients become
symptomatic. As such the direct assessment of individual treatment effects is :
subject to many biases inherent in the design. For example, a direct assessment of |
the effect of zidovudine may show that patients treated had poorer survival than |
those not treated. This would simply reflect the fact that many patients receiving |
the drug were symptomatic and/or with low CD4 counts and therefore would
have a shorter expected survival than patients with higher CD4 counts who
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remained asymptomatic. Further, in order to receive zidovudine, patients had to
have survived at least until the introduction of the drug in 1988, resulting in
difficulty in interpreting the results from standard survival methods. At the time
of starting zidovudine, many patients would also have started on other pre-AIDS
therapies, and so the effect of zidovudine would be confounded with the effects of
these. By using November 1988 as a proxy measure for the introduction of any
pre-AIDS therapies we are simply measuring the combined effect of any therapy.
Of course, the use of a proxy measure does not rule out the effect of other external
factors which may also affect patient prognosis after 1988, for example, earlier
AIDS diagnosis, better patient care or other changes in disease progression.

Estimates of the prevalence of various conditions from other studies vary
greatly, mainly due to the differences in study designs. The cumulative incidence
of conditions (excluding AIDS) ranged from 50%, 5—-6 years after seroconversion
(Giesecke et al. 1988) to 74% over a six month period of infection (Kaslow et al.
1987). These authors include lymphadenopathy amongst the conditions studied.
Whilst persistent generalized lymphadenopat!.y syndrome affects a large propor-
tion of HIV-infected individuals early on in infection, it is non-specific to HIV
infection (Greenberg et al. 1992) and is not thought to be prognostic of AIDS,
and was therefore not included in our symptom list.

The prevalence of individual conditions has also been studied by a number of
authors. Reported prevalence rates of seborrhoeic dermatitis vary from 10% to
40% (Matis et al. 1987; Sindrup et al. 1987; Berger et al. 1988). Oral candida has
been shown to occur in around 3-6% of HIV positive patients (Lang er al. 1987,
Matis et al. 1987; Alessi et al. 1988), and the incidence rates of herpes zoster are
also found to vary between 2 and 10% in these studies. Clearly there is a wide
difference in estimates of incidence rates and this is mainly due to the different
times from seroconversion when subjects are studied in these papers. The associa-
tions between CD4 counts and clinical conditions have not been studied in great
depth by many authors, although Kaslow ez al. (1987) have shown that oral
candida is associated with CD4 counts below 0.25 x 10%1, and that thrombocyto-
penia is weakly associated with the CD4 count. Further, Kaplan et al. (1987b)
have shown that of 118 men with a CD4 count below 0.1 x 10°/1, only 15 had no
cutaneous disorders.

It is uncertain how directly our results can be generalized to other groups of
HIV-infected individuals (e.g., homosexual males, intravenous drug users, hetero-
sexual males or females etc.). Some AIDS-defining conditions are more common
in other groups and certain manifestations of the disease are known to be
different, such as the occurrence of Kaposi's Sarcoma in homosexual men—a
condition which was not seen in our cohort. Contrary to some other studies, we
have diagnosed hairy leukoplakia only rarely, with none of these diagnoses being
the primary one. In common with intravenous drug users, patients with haemo-
philia have the added problem of hepatitis C virus (HCV) related disease (Lee &
Kernoff 1990). Deaths and morbidity due to HCV have not been defined as
HIV-related in this study and have therefore not had a great effect on estimates of
progression rates to AIDS or to the development of HIV-related conditions.
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There is a need for resources to be made available for the large numbers of
HIV-infected individuals who will develop HIV-related conditions in the future.
The development of conditions may indicate that a patient is becoming increas-
ingly immunocompromised. Their incidence is a particularly important sign if the
CD4 count is not being regularly monitored. As hoped, the combined effect of
treatment appears to have reduced the rates of oral candida and AIDS in patients
with low CD4 counts. However, over half of infected patients are likely to develop
HIV-related disease before their CD4 count has fallen below 0.2 x 10°/1 and, as
pre-AIDS treatment is rarely introduced in those with higher CD4 counts, this is
unlikely to be affected by the introduction of treatment.
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CD8 lymphocyte counts and serum immunoglobulin A
levels early in HIV infection as predictors of CD4
lymphocyte depletion during 8 years of follow-up

Andrew N. Phillips*’, Caroline A. SabinT, Jonathan ElfordT,
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Introduction

Objective: To assess the ability of the CD8 lymphocyte count and immunoglobulin (Ig)
A level, measured at the early stage of HIV infection when the CD4 lymphocyte count
remains relatively high, to predict the future rate of CD4 lymphocyte loss and hence
the risk of AIDS.

Design: Cohort of recently infected haemopbhiliacs with relatively high CD4 lymphocyte
counts followed for up to 8.5 years from baseline measurement of CD8 lymphocyte
counts and IgA levels.

Setting: A regional haemophilia centre based in a major teaching hospital.

Patients: Eighty-four of 111 patients with haemophilia who seroconverted to HIV
between 1979 and 1985 in whom CD8 lymphocyte counts and IgA levels were
measured soon after seroconversion (mean, 2.7 years; maximum, 5 years) while
CD4 lymphocyte counts remained relatively high (median, 600 X 108/l; minimum,
300 x 10%/1).

Outcome measures: Development of severe immunodeficiency defined by a CD4
lymphocyte count falling below 50 x 106/l, and AIDS.

Results: Individuals with high CD8 counts (P < 0.008) and high IgA levels (P < 0.003) at

baseline experienced a more rapid rate of CD4 lymphocyte loss than those with low

baseline levels. A score was derived to combine the predictive ability of CD8 count
and IgA level. Estimated proportions with CD4 counts below 50 x 108/| after 8 years
of follow-up were 100. 30 and 14% for those with high, intermediate and low baseline
scores, respectively. The CDB8/IgA score showed similar ability to predict the future
occurrence of AIDS (P < 0.0001; log-rank test).

Conclusion: Immune activation seen in HIV infection, as reflected by raised CD8 counts
and IgA levels, appears to be linked to the process of CD4 lymphocyte depletion.
Measurement of these markers in the years following infection, when CD4 lymphocyte
counts remain high, provides a first indication of a patient’s long-term prognosis.

AIDS 1993, 7:975-980

Keywords: HIV infection, CD4 lymphocyte count, serum immunoglobulin A,
CD8 lymphocyte count, immune activation, AIDS.

risk of serious disease is low before cell numbers in

The gradual loss of CD+4 lvmphocytes in HIV infection
that tvpically occurs over several years is of fundamen-
tal importance in the pathogenic process [1-5]. The

peripheral blood become severely depleted [1-6]. In-
deed. differences in the rate of CD4 lymphocyte loss
appear to explain the large varations in the interval
after infection before the development of AIDS [7].
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Since the course of immunological decline tends to be
slow, individuals typicallv have onlv moderately de-
pressed CD4 lvmphocyte counts within the first few
years atter HIV infection. At this early stage of HIV in-
fection, litle can be inferred about the time that will
elapse before AIDS occurs; this is largely dependent on
the rate of CD4 lymphocyte loss in the following years.
Thus, it would be of considerable interest if markers
could be identified at this early stage (when counts
remain relatively high) that would indicate the likely
future rate of CD4 lymphocyte loss.

Here we used data from a cohort of haemophiliacs fol-
lowed for up to 12 years from serconversion, whose
CD4 lymphocyte counts were monitored regularly to
evaluate the predictive ability of two immune markers,
the CD8 lymphocyte count and serum immunoglobu-
lin (Ig) A levels. In HIV infection, high CD8 lymphocvte
counts are associated with the accumulation of primed
CD8 T lvmphocytes that include cytotoxic effector cells
(89], while raised IgA levels reflect B-cell activation
[10]. Both CD8 counts and IgA levels were measured
soon after seroconversion (mean, 2.7 years: maximum,
5 years) when patients’ CD4 lymphocvte counts were
only moderately diminished (median. 600 x 106/1).
These individuals have been subsequenty followed
for up to 8 years to ascertain whether and when
the CD4 count declined below 50 x 109/l. The time
to development of AIDS was also studied.

Patients and methods

The cohort of 111 haemophiliacs and the methods for
estimating our patients’ dates of seroconversion have
been described in detail {7,11,12]. All patients sero-
converted between October 1979 and Julv 1985, and
have been under the care of the Haemophilia Centre.
Royal Free Hospital, London, UK. The median age at
seroconversion was 24 vears (range, 2-77 vears). For
this analysis, we considered follow-up information on
patients until 1 January 1992. Since 1982, a series of
CD4 and CD8 lymphocyte counts has been recorded
for each patient by standard methods [~.13]. The me-
dian number of counts per patient was 16 (range, 1—0
counts).

Total serum IgA concentration was measured for 106
patients. The patients’ baseline IgA value was the first
serum concentration recorded after kmphocyte sub-
set measurement had begun. When kmphocyte counts
were not taken on the same day as the baseline IgA
measurement, the CD+ and CD8 kmphocvte counts
were estimated by linear interpoladon of the two
counts made immediately before and atter the base-
line IgA measure. Patients for whom baseline IgA was
measured more than 5 vears after seroconversion were
not included in the analvsis.

Treatment

Patients with AIDS were prescribed zidovudine from
August 1987. None had received pre-AIDS treatment
pror to November 1988. Since that time, 26 patients
have been entered into the MRC/INSERM Concorde
trial (zidovudine versus placebo in asymptomatic in-
dividuals), which is no longer blinded. Patients have
also been prescribed open zidovudine and anti- Przeu-
mocystis carinii pneumonia (PCP), and anu-Candida
prophylaxis with pentamidine or trimethoprim-sul-
phamethoxazole and fluconazole, respectively.

Statistical methods

The Cox proportional hazards model [14] was used to
determine the association between the baseline CD8
count and IgA concentration, and the rate of develop-
ment of severe CD4 lymphocyte depletion, defined
as at least one count below 50 x 106/l. The esti-
mates of log relative hazard from the model were
used as a basis for combining the two activation
markers into a baseline CD8/IgA score. For each
patient the CDS8/IgA score is merely the log rela-
tive hazard for the CD8 count (0.00131) multiplied
by their CD8 count plus the log relative hazard
for IgA (0.56) multiplied by their IgA level. Thus,
for a patient with a CD8 count of 900 % 106/ and
an IgA level of 2.0g/l we would have: CDB8/IgA
score = (0.00131 % 900) + (0.56 x 2.0) = 2.3.
Patients were grouped into three categories on the ba-
sis of their baseline CD8/IgA score. Kaplan—Meier esti-
mates were used to estimate the percentage of patients
with a CD4 count < 50 x 106/l in each category. The
log-rank test was used to test for differences between
groups.

When a CD4 count of 50 x 106/1 was the outcome
measure in the Cox proportional hazards model and
the Kaplan—-Meier estimates, patient follow-up was cen-
sored 6 months after the final CD4 count, if this time-
point was reached before death or 1 January 1993
(16 patients). The occurrence of AIDS was ignored.
Although there has been a policy of more regular
CD4 counting when patients have reached a count
of 200 x 10/1, the development of AIDS did not re-
sult in more frequent CD4 count measurements.

Results

The current analvsis was restricted to the 84 patients
of the total 111 haemophiliacs for whom baseline CD4
counts were > 300 X 109/1, and the serum IgA con-
centrations were measured within a period of 5 years
from seroconversion. The mean length of time from
seroconversion of the baseline marker measurements
was 2.7 vears. For these 84 patients the median and
range of serum IgA levels were determined together
with the corresponding CD8 and CD4 counts at base-
line (Table 1). During the follow-up period, CD4
counts of 22 (26%) of the patients declined below
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Table 1. Three categories of CD8 IgA score and the association with the
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development of severe immunodeficiency and AIDS over 8 years' follow-up.

CD8/IgA score

Low (< 1.5) Intermediate (1.5-2.99) High (> 3.0) All
No. patients 24 49 1 84
Baseline median irangei
CD4 count 505 (300-1180) 695 (310-1920) 650 (450-1000) 600 (300-1920)
IgA level ig'l) 1.2 (0.6-2.2) 2.0 (0.3-4.1) 3.1 (1.4-6.9) 1.8 (0.3-6.9)
CD8 count 420 (10-770) 910 (200-1670) 1300 (400-1920) 590 (10-1920)
No. with CD4 count < 50during follow-up (%) 3 (13) 10 (20) 9 (82) 22 (62)
CD4 count below 50by 8 years’ (%) 14 (0-30) 34 (14-54) 100 (66-100) 47 (28-66)
No. with AIDS during follow-up (%) 3 (13) 12 (24) 9 (82) 24 (29)
AIDS after 8 years' (%) 14 (0-29) 30 (13-47) 100 (56-100) 41 (24-58)
'Kaplan-Meier estimate with 95% confidence interval. CD8/IgA score: (CD8 count x 0.00131) + (IgA x 0.56),
50 X loVI. The Kaplan-Meier estimate for the pro- Percentage with CD4 count
portion of patients whose CD4 count reached this remaining > 50 x iQblj
level after 8 vears is 47% (95% confidence intentai,
28-66). 100 Baseline
CD8 count
Percentage with CD4 count onl)
remaining > 50 x io*>'l Baseline
IgA level (g )
100
<600
<1.0
80
600-1199
80 1.0-3.9 >1200
40
>4.0 0 1 2 3 4 5 6 7 8 9
20 Years from baseline CD8 count

0 1 2 3 4 5 6 7 8 9
Years from baseline IgA measurement
Fig. 1. Kaplan-Meier estimates of the percentage of patients with
a CD4 count < 50 x I0*'l according to three immunoglobulin

concentration categories. Log-rank test for difference between
groups, P < 0.03.

The ability of the baseline CD8 counts and IgA levels to
predict the subsequent risk of rapid CD-t Kmphocvte
decline is shown in Figs 1 and 2. Those 5vith higher
CD8 counts and IgA levels experienced a more rapid
rate of development of severe immunodeficiency. The
unadjusted and mutually adjusted relative hazard esti-
mates obtained from fitting the Cox proportional haz-
ards model (Table 2) were statistically significant for
both markers. The effect of neither marker is materiallv
changed by adjustment for the other, suggesting that

Fig. 2. Kaplan-Meier estimates of the percentage of patients with
a CD4 count < 50 x IOWI according to three CDS count cate-
gories. Log-rank test for differences between groups, P < 0.03.

Table 2. Relative hazard estimates indicating the predictive value of base-
line immunoglobulin (Ig) A and CD8 counts for the development of severe
CD4 lymphocyte depletion.

Relative
hazard 95% ClI P
Unadjusted
IgA- 1.67 1.17-2.37 0.005
CD8 count® 1.12 1.02-1.24 0.016
Mutually adjusted
IgA- 175 1.22-2.52 0.003
CD8 count® 1.14 1.04-1.25 0.008

"Per g/l; “per 100 x 1I0*»! Cl, confidence interval.

each marker provides information useful for predic-

tion over and above that provided by the other. When
the CD4 count at the time of baseline CD8 count and

194

977



AIDS 1993, Vol 7 No

Pertetnaiie wiih I'D4 louni

risnigiFHNi> > 10 X 111"

Baseline
<D8 IkA Slore
100 e -
"low"
80
"intermediate”
60
40
L_
20
“high”
0 1 2 3 4 5 6 7 8 9

\ ears from CD8 leA assessment

Fig. 3. Kaplan-Meier estimates or the percentage ot patients with
a CD4 count < 50 x ior> laccording to three CD8 immunoglob-
ulin A categories. Log-rank test tor differences between groups.
P < 0.00005.

IgA measurement wws also added to the Cox model,
the additional eontnbution was of only borderline sig
nihcance and the relative hazard estimates for the CD8
count and IgA le\el were onlv slightly changed (data
not shown ).

The adjusted relative hazard estimates in Table 2
were used to derive a score that contains the pre
dictive value of the two markers. On the basis of this
score, patients were grouped into three categories: low
(score < 1,5), intermediate (score, 1.5-2.99) and high
(score, > 3). There was a noticeably faster rate of se-
vere CD-lI K'mphocyte depletion dexelopment in those
with higher rather than lower scores (Table |, Fig. 3;
Kaplan-Meier estimates at 8 years: high, 100%; inter
mediate, 34%; low, 14%: log-rank test, /< 0.0001).
This was despite the fact that baseline CD-i counts
were, on average, slightly higher in those patients with
higher scores (medians: high, 650 x 10* 1 intermedi
ates, 695 x 10% 1 low, 505 x [10Md).

31 the analyses performed were also performed us
ing counts of 100, and 200 x iQo | as end points,
instead of 50 x io<>| as presented above. The re
suits were only slightly changed. In order to ascertiun
whether treaunent might hale influenced the results,
analyses in which patient follow-up was censored at
November 1988, the date at which pre 31ITS treatment
began, were also performed. ,-\gain, the results were
little changed.

,3lthough CD-+ lymphocyte lo.ss was the principal focus
of this analysis, we also considered the rate of AIDS
de\elopment in the three CD8 IgA score groups. This
rate was more rapid in those with higher scores (Table
1; Kaplan-Meier estimates at 8 years: high, 100%: inter
mediate, 30%; low, 1-4% log-rank test, P~ 0.0001 ),

Discussion

These findings indicate that immune acti\ation seen in
111\ infection, as reflected by raised CD8 counts and
Ig,3 le\els, appears to be linked to the process of CD4
lymphocvte depletion. Measurement of these markers
in the \ ears soon after .seroconversion, when CD-4 lym-
phocyte counts remain largely undiminished, seems to
prolide a first indication of patients' long-term prog-
nosis. If confirmed in other studies, these findings are
of considerable significance for clinical decision mak
ing about whether and when to intervene with poten-
tially toxic drugs; knowledge of the degree of immune
activation, as measured by low CD8 IgA score, would
be extremely useful when deciding whether a patient
with a particular CD-4 count, 500 x io<VI for example,
should be given zidoMidine treatment.

PrexioLis studies hale reported that immune activation
markers, such as Pi-microglobulin (#2# ) and neo-
pterin, in addition to IgA levels and CD8 lymphocyte
counts themsehes, ha\e some prédictive value in HI\'
infection (-4,15-26]. Our findings represent an advance
in understanding for at least three main reasons. First,
we have only followed patients in whom markers were
measured early in infection, while CD4 counts were
still onlv moderately lowered. Second, we have fol-
lowed patients for up to 8.5 years; substantially longer
than in previous reports (-4,15-26], Third, we have ex-
amined the purely immunological end point of a CDa
count < 50 X iQb'i js well as the clinical end-point,
,3IDS. This has enabled us to illustrate not only that
the CD8 1g.3 score predicts the rate of ,31DS develop
ment but also, at least on one level, why it does so, i.e,
because it predicts CD-4 lymphocyte loss. In contrast,
previous studies on the predictive value of serum P:M
and neopterin have suggested that the effects act 4nde
pendently’ of the CDa lymphocyte count [15-1',21],
In addition, although they are often grouped together
as activation markers' in HI\' infection, it is important
to note that the measurement of 1g.3 levels and CD8
lymphocyte counts cannot in any way be considered
equivalent to measurement of or neopterin. Cor-
relations between the.se are of the order of less than
0.2 [16],

-\mong those studies that have linked immune activa
tion markers with future CD4 Ivmphocyte count de
dine, Hofmann et ci. (2'] and Melmecl et al. (28]
have shown that rai.sed and neopterin levels are
related to more rapid CI>4 Ivmphocyte loss over 2,5
vears. while Munoz et al. (29] found that increa,secl
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IgA levels and CD8 counts. among other factors, were
related to more rapid CD+ count decline over the fol-
lowing 6-month period. Salmon ef al also reported
that IgA level predicted the rate of CD4 lymphocyte
decrease over 18 months’ follow-up [30]. These find-
ings are consistent with our own, but our results
further suggest that the association persists over a
far greater length of time — for at least 8 vears —
during which CD+ cells are observed to decline from
levels in the normal range for uninfected individuals
[13] to a severely depleted state. Findings of inverse
correlations between CD4 counts and both the levels
of serologic activation markers and activated CD8 sub-
sets in cross-sectional studies of HIV-infected individ-
uals also support our finding [31]. As in other studies
(4,25,26], raised levels of IgG and IgM seen in HIV in-
fection have been shown to be less strongly predictive
of prognosis than the IgA level (data not shown).
Our finding of more rapid CD4 cells loss in individu-
als with higher CD8 lymphocyte counts appears to be
in conflict with observations that CD8 lvmphocytes in-
clude HIV-specific cvtotoxic T cells that control HIV
replication {8,9,32]. Nevertheless. CD8 lymphocvtes
include phenotypically and functionally diverse sub-
sets. It appears that the CD8 subsets associated with
overt immune activation in HIV infection, including the
CD38+ CD45RO+ subset, are particularly increased
in number [31,33,34], revealing severe functional de-
fects with failure to proliferate [35] and susceptibility
to cell death and apoptosis [34,36]. Thus, the further
dissection and quantitation of these populations may
increase the prognostic significance of our observa-
tions. Similarly, the non-specific activation of Ig svn-
“thesis at the time of a severe deficiency of antibody
responses may be further refined, for example. with
the inclusion of other parameters such as IgD svnthe-
sis and pokeweed mitogen tests [37].
Although an association between early immune activity
and more rapid loss of CD4 lymphocytes has been
identified, further investigations are required before
concluding that the immune system itself is respon-
sible for the cell loss where the virus acts as a trig-
ger for the destruction process [38—i2]. For example.
the raised CD8 and IgA levels may merely reflect en-
hanced HIV-specific immune responses in individuals
with a higher viral load which, due to the direct c¢v-
topathic effect of HIV, leads to more rapid CD4 cell
depletion. In addition, the fact that activated cells are
more readily infected with HIV [43] could also con-
tribute to immune activation leading to more rapid
CD4 cell loss. Regardless of these uncertainties, the
sstrength of the relationship presented in this paper
-suggests that HIV-induced immune activation (as re-
flected by raised IgA and CD8 lymphocte levels)
should be carefully studied by those seeking to un-
derstand how HIV decimates the CD+ hmphocite
population, since the phenomenon is unlikely to be
far removed from the central cause or causes of CD+
lymphocyte loss.

In summary, the measurement of the CD8 count and
IgA level in HIV infection provides an early indication
of the subsequent rate of CD4 cell loss. These mark-
ers mav thus be of considerable importance, both
for clinical decisions over patient management, and
for continuing efforts to understand the pathogenic
pathways in HIV infection.
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The loss of CD4 lvmonocvtes is known to oe an imoortant comoonent of human

immunoaericiencv virus type i

(HIV-1) pathogenesis.

It remains unclear, however,

wnetner tne imoortance or the CD4 Ivmonocvte count is such that individuals who
"ave oeen infectea for wiaeiv oifferent lengths of time, out for wnom the CD4 lympno-
cyte count is tne same, nave tne same risk of deveiooing acauirea immunodeficiency
svnarome (AIDS). The authors directiv aadressea this auestion for 111 HIV-1-infected
hemooniliacs wno naa been followed for uo to 12 years from seroconversion ana for
wnom a meoian of 16 CD4 Ivmonocvte counts naa been maae. Thirty-eight patients
haa deveiooeo AIDS by January |, 1992. As or August i. 1985. the time from sero-
conversion to AIDS rangea from 3 weeks to almost 6 years. The risk of AIDS in-
creaseo with time from seroconversion (relative nazaro = 1.25 per year: p = 0.09).
CD4 Ivmonocvte count was strongly reiatea to time from seroconversion and also to
the risk of AIDS (relative nazaro = 3.25 per I0O/mm-*; p < 0.00005). In a bivariate
Cox regression moael. the relative hazard for time from seroconversion fell markeoly
towaras unity (1.05: p = 0.7), wnile that for CD4 lymphocyte count remaineo un-
cnangeo. This suggests that time from seroconversion is a relevant factor in HIV-1 in-
fection oniv insofar as it provides information as to the probable degree of loss of
CD4 Ivmonocvtes. If the numoer of these cells is known, time from seroconversion
seems to be of little aaditionai value in assessing the risk of AIDS. This finding has
implications tor the clinical assessment of inoividuai patient prognosis, for the oesign
of eoidemioiogic stuoies ot HIV-1 infection, and for our understanding of how HIV-1
causes oisease. Am j Eoiaemioi 1993:138:870-8.

acauirea immunoaeficiencv synarome: antigens. CD4: cell count: cross-sectional stud-
ies: HIV-1: lympnocvtes

After a variaole trenod or time— u.suailv
measured m years— infection with human
immunodeticiencv \irus type 1 (HIV-1)
leads to the development of severe immu-
nodeticiencv and. hence. \ arious opportu-
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the Roval Free Hospital in Lonuon. England
(1). aiong with reports trom several other
studies (2—-10). have suggested that the 1m-
munodeficiency is chiefly characterized by
severe depletion of the number of circuiat-
ing CD4 Ivmphocvies. This impiies that in-
dividuals infected with HIV-1 manv vears
ago have a similar risk of AIDS as those
infected more recentlyv. so iong as their CD4
lvmphocvie counts are the same. To our
knowledge. however. this important ques-
tion has not been directlv addressed. prin-
cipally because of the paucity o1 cohort stud-
les in which dates of seroconversion have
been reasonably well characterized and CD4
lvmphocvtes have been measured reguiarly.

In this paper. we present data from turther
analvses of the cohort of HIV-1-intected he-
mophiliacs. which has now been followed
for up to 12 vears and in which a median of
16 CD4 lvmphocvte counts have been made
per patient. We estimate the prognostic im-
portance of the time from seroconversion to
AIDS and assess the extent to which this is
modified after controlling for CD4 lvmpho-
. Cvte count.

MATERIALS AND METHODS
Patients

The cohort. which has been described pre-
viously (1. 6. 11). consists of 111 HIV-1-
infected men with hemophiiia under the care
of doctors at the Haemophiiia Centre and
Haemostasis Unit. Roval Free Hospital.
London. All but two patients received un-
heated factor VIII concentrates: one was
treated with unheated factor IX concentrate
and the other with crvoprecipitate. The con-
centrates received by the patients have been
described in more detail elsewnere (6).

Estimation of the dates of
seroconversion

For 65 patents. the dates of their last
negative and first positive anti-HIV-1 anti-
body tests were availabic. The date of HIV-1

seroconverston was estimated as the mid-
point between these two dates (median dif-
rerence between the dates. |l months: 10th

percentile. 41 davs: YOth percentile. 21.5
montns: range. 15 davs-24 months). The
carliest date of seroconversion was esti-

mated as October 1979 (difference between
dates of last negative and first positive
tests = 7 davs) and the last as July 1985
(difference between dates of last negative
and first positive tests = 10.1 months).
These dates approximately agree with data
from other sources as to the period within
which contaminated biood products were in-
advertently administered (12). Within this
range. patients’ estimated dates of serocon-
version tollowed an approximatelv uniform
distribution (6). For 36 of the 4§ patients for
whnom no anti-HIV-1 negauve test result was
available. the date of seroconversion was es-
timated as the midpoint between October
1979 (the presumed first possible date of in-
fection) and the date of the first anti-HIV-1
test (median difference. 4+ months: 10th
percentile. 5.5 months: 90th percentile. 64.3
months: range. 1.5-67 months). This ap-
proach minimizes the maximum error that
can be made In estimating the seroconver-
sion date. For the remaining 12 patients. the
first positive anti-HIV-1 test result appeared
after the presumed last possible date of in-
fection (Julv 1985). and the date of sero-
conversion was estimated as the midpoint
between October 1979 and Juiv 1983: Sep-
temper 1982 (difference = 63 months).
The analvsis was also carried out after re-
stricting the cohort to oniv those for whom
the date of seroconversion was known
within. at most. 6 months (i.c.. the period of
possible intection times was shorter than 12
months). The 49 individuais falling into this
categorv comprised 39 subjects with a last
negative test result appearning less than 12
months before the first positive test and 10
subjects without a negative test result but for
whom the first positive test occurred within
12 months (i.c.. before October 1980) of
whnat was considered the earliest possible
seroconversion date. Octorer 1979.
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We con.siucrca oaueni inrtirmaiion coi-
icciet WD  January i. : The rncuian
ienein oi roiiovv-un trom '-erocDnversion [o
nis date 'vas A 3 '.ears, tient oatients were
lost to clinical toilow -up alter moving to uit-
terent nemonniiia centers i*ee "Statistical
Tietnous" tor censoring strategy). However,
iniormaiion on the clinical status ot these
patients is sougnt annuailv. .A series or CD4
Ivmonocvte counts was recorded tor eacn
patient i 1). The median numner or counts
was ih (range. 1—0). The median age at
seroconversion was 24 years (range.

HIV-1-related treatment

Zidovudine nas been used tor the treat-
ment ot .AIDS and Centers tor Disease Con-
trol group IV disease since August 1987.
The current orotocoi for the treatment of
asymptomatic individuais is to start anti-
retroviral therapy with zidovudine and pro-
phylaxis with Dentamidine or cotrimoxazoie
and tluconazoie at aCD4 Ivmpnocyte count
of 200/mm-'. Treatment of asvmotomatic oa-
tients began in Novemoer 1988 when 25 (23
percent) patients were recruited into the
Medical Researcn Council Concorde Trial,
whicn comoares zidovudine with a placebo.
Forty-four (AO oercent) patients have been
treated with open zidovudine. 40 (36 per-
cent) with :ir.u-Pneumoc\stis carinii pneu-
monia prophviaxis. and 36 (32 percent) with
propnylactic tluconazoie.

Statistical methods

The Cox oroDortionai hazards model with
time-dependent covariates was fitted using
the PHREG program in SAS (S.AS Institute.
Inc.. Cary. Nortn Carolina). Time zero was
taken as August 1. 1985. A fixed date was
chosen in order to m.,atc the enrollment of
acohort with heterogeneous durations of in-
fection. so that sucn a variaoie could be in-
coroorated into a regression model. August
1. 1985. was selected as tne fixed date be-
cause It was the date immeuiatelv after the
last oatient nau seroconverted. Sensitivitv
analy ses ot the erfcct ot choosinit other nos-

Ainie dates were perrormed. CD4 lympno-
jvte count was titted as a time-dependent
covariatc; i.e.. patients' counts '"“ere con-
tinually updated througnout the follow-uo
oeriod. It snouid be noted that for a time-
Jeoendent variaoie that changes in a deter-
.ministic manner over time, such as time
from seroconversion to AIDS, the relative
hazard estimate is the same regardless of
whether the variable is fitted as a tixed vari-
able or as a time-dependent variable (13).
The proportional hazards assumption for the
CD4 iymonocyte count was investigated by
fitting the interaction oi the CD4 count with
survival time. Follow-up of patients was
censored at non-AIDS death, the date of last
follow-up (January |. 1992). or o months
after the last available CD4 lymphocyte
count if any of these events occurred before
the development of AIDS.

The median CD4 lymphocyte count was
plotted for various time points based on all
patients for whom counts were available
before and after each time point. The count
at a given time point for each patient was
estimated by linear interpolation from the
counts immediately before and after.

RESULTS

Thirty-eight of the 111 subjects had de-
veloped Albs by January 1. 1992. We as-
sessed the association between time from
seroconversion and the risk of developing
AIDS. Table 1shows the number of AIDS
cases, the number of person-years of expe-
rience. and the average rate of developing
AIDS per person-year of observation. Not
surprisingly, the rate is small close to the
time of seroconversion and rises rapidly in
the ensuing years. There is no observed in-
crease in the rate after 8 years of follow-up,
but the numbers in the 9- to 12-year column
are too small to derive reliable conclusions
concerning the shape of the relation. None-
theless. the observed pattern is consistent
with that reported from cohorts of homo-
sexual men infected with HIV-1 (14-16).

A Cox proportional hazards model was
also fitted, with time from seroconversion
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TABLE 1. Numbers of acauired immunodeficiency synarome (AIDS) cases. patient-years of
experience. and rate of deveiooing AIDS per patient-vear among 111 HIV-1*-positive men with

hemonphilia, according to the number of years since seroconversion: Royai Free Hospital

Haemonohilia Centre. Lonaon. England. 1979-1991

Years since No. of rPatient-vears Rate oer
seroconversion AIDS cases ot experience pauent-vear
<3 3 3271 0.009
35 12 303.4 0.040
6-8 18 228.6 0.079
9-12 5 67.1 0.075
Total 38 926.2 0.041

* HIV-1. human immunogetnciency virus type 1.

fitted as a continuous variable and August 1.
1985. as time zero (see “Statistical meth-
ods™). On this date. time from seroconver-
sion ranged from 3.5 weeks to 5 vears and
9 months. The hazard rate increased by an
average of 25 percent for every additional
vear after seroconversion (table 2). This
association was onlv of borderline signifi-
cance. which may be due 1o the limited size
of the cohort. The implicit assumption in this
analvsis. of an exponential relation between
time from seroconversion and the risk of de-
-veloping AIDS. could be questioned. Re-
sults shown in table 1 suggest that. after an
initial sharp rise. the hazard increases rather
slowlv. Thus. models incorporating various
transformations of time from seroconver-
sion were also fitted. As would be expected
from the shape of the relation in table 1. an
exponential transformation. but not a loga-
rithmic or square root transformation. im-
proved the fit of the model. (The Wald chi-
squared statistic for the test of whether the
log relative hazard esumate was signifi-

cantlv different trom zero was 4.57. as com-
pared with 2.87 using the untransrormed
variable: m all cases. Wald test statistics
were very similar 1o the corresponding val-
ues trom the likelihood ratio test.) Results
from the use of this transformation ot time
from seroconversion are given in table 3.
Note that the relative hazard for the expo-
nential function of time from seroconver-
sion (table 3) cannot be meaningfully com-
pared with that for the untranstormed
variabie (table 2). -

The univariate association between CD4
lvmphocvte count and the risk of developing
AIDS was found to be extremely strong and
highly significant ( p < 0.00005). There was
an estimated 3.25-fold increase in risk with
every .00/mm- decrease in CD4 lvmpho-
cvie count (tables 2 and 3). Since studies
have fo- nd the average rate of loss of CD4
Ivmphoc /tes to be between 30 and 100 cells
mm- per vear (1. 10). the relative hazard for
CD+ ivmphocyte count can be directly com-
pared with that tor time trom seroconversion

TABLE 2. Estimated relative hazard of deveioping acquired immunodeficiency syndrome among 111
HIV-1*-pasitive men with hemophilia. according to time from seroconversion and CD4 lymphocyte
count, fitting them as time-aependent variables in a Cox proportional hazards model: Royal Free
Hospital Haemophiiia Centre. London. Engiand. 1979-1991

Time trom seroconversion
relative hazarg per vear)

CD4 ivmpnocyte count
trelative nazarg per 100/mm-= gecrease)

Retative 95% Relatve 95%
nazara conngence o nazargd confidence °
asumate intervat estmate interval
Unaoiustea 1.28 0.96-1.62 0.09 3.25 2.29-4 63 0.00003
Adiustedt 1.05 0.81-1.34 0.7 3.25 2.304 61 - 0.00005

* HIV-1, human immunogernciency virus tvpe 1

t Time from seroconversion was aaiusted for CD4 lymphocvie count ang vice versa
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TABLE 3. Estimatea relative nazara of deveiooing acauireo immunoaeticiencv synarome among

*11 HIV-1 *-oositive men with hemoonilia. accoraing to time from seroconversion Ifitteo as the
exoonential of time from seroconversion) ana CD4 Ivmpnocyte count, fitting them as time-oeoenoent
variantes in a Cox orooonionai hazaras moael: Royai Free Hospital Haemoonilia Centre. London.

Englana.1979-1991

" —p Tom seroconversion

piaiive nazara oer i 000 exoivearii

Apiarive

-azaro aonnaence

esiimaie -'ervai
unaaiusteo -01 -12-14 4Q
4diustedt * 53 0.41-7313

AV-1 numan immunoaeticiencv virus tvoe |

003

CD4 Ivmonocvte count
rrelative nazara oer |IOO/mm* aecreasei

Relative 05%
nazara sontiaence p
estimate niervai
3.25 2.29-"63 0.00005
3.29 2.31-4 68 '0.00005

T"me rrom seroconversion was aaiusteo tor CD-l ivmonocvie count ana vice versa.

in table 2. Cleariv. from these univariate
anaivses. the former aopears to have the
much stronger association. Once again,
transformations of the CD4 Ivmpnocvte
count were consiaerea. It was founo that the
i*quare root or logarithmic transformation of
the count gave a slightly better fit than the
untransformea \ ariable. However, for the
purposes of simpiicity. the uniransformed

0.8

0.6

0.4

0.2

results are presented throughout this paper,
since the conclusion remained unchanged.

The relation between CD4 lymphocyte
count and time from seroconversion is
shown in figure 1 The tendency for a
gradual fall to take place in the count during
HIV-1 infection can be clearly seen. When
time from seroconversion and CD4 lympho-
cyte count were considered together in a

8 10 11

Years from seroconversion

FIGURE 1.

Meoian CD4 ivmonocvte count (darK linel ana its interquartile ranqe (lighter iinesi among ill

AiV-1-seroDOsitive men wun nemooniiia. accorainqg to tne numoer ot years since seroconversion: Rovai Free

“AosDitai Haemoonnia Centre. Lcnaon, tngiana.

1979-1991

Values at exact years from seroconversion were

calculated tor eacn catient cv nnear interooiation oetween the counts immeoiateiv oetore ana aher each date

4IV-1  human immunoaeticiencv virus tvoe 1)
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Cox multiple regression model. the relative
hazard for ume from seroconversion fell
dramatically towards unity (1ables 2 and 3).
In sharp contrast. the relative hazard for
CD4 lvmpnocyvte count was unchanged. The
resuits shown in table 3 convev the same
message as those in table 2. We inciuded
them to show that the findings do not result
merely from inadequate modeling of the et-
tfect of time from seroconversion.

To illustrate the findings simplyv and with-
out any reliance on statistical models. table
4 extends the results from table 1 and gives
the AIDS rate per patient-vear of follow-up
according to whether the CD4 count had
fallen to 200/mm- or below. as well as
by the number of vears since seroconver-
sion. When the AIDS rate was considered
separately for patient experience before and
after reaching a CD4 count of 200/mm-. the
increasing trend with time from seroconver-
sion disappeared. In patients with CD4 lvm-
phocyte counts that had fallen to 200/mm"
or below. the AIDS rate was similar in those
who had seroconverted within the previous
6 years (11 AIDS cases/49.2 patient-vears
-experience: rate = (0.224 per vear) and those
who had been seropositive for 6-12 vears
(21 AIDS cases/92.3 patient-vears experi-
ence; rate = 0.228 per vear). Simiiarly, there
was no increasing trend in AIDS rate with
years from seroconversion at higher counts.
It is clear from table 4 that the only reason

tor the overall increase 1n the AIDS rate over
ume (see the column on tne far right) is the
tact that there is proportionately more pa-
nent experience at iower CD4 counts with
increasing vears irom seroconversion. In
marked contrast. there 1s a strong eftect of
CD+ count at each time trom seroconversion
{table 4).

Other analyses

To assess whether pre-AIDS treatment
could have influenced the findings. we re-
analvzed the data taking the last date of
follow-up to be November 1988. the point at
which pre-AIDS treatment started. The re-
sults are shown in table 3. Again. the find-
ings were similar. We also repeated the
analvsis presented in table 2. restricting the
data to those 49 subjects for whom the date
of seroconversion was known within. at
most. 6 months. Again. the results (table 6)
were onlv slightly different. The relative
hazard for the CD4 lvmphocvte count was
still highly significant. even in this smaller
number of subjects.

The analvses presented are not sensitive
to the choice of time zero (i.e.. August 1.
1985). as might be expected with a model in
which covariate values are updated during
follow-up. When other dates were used
(January 1986. January 1987. and January
1988). the results were similar. Models in

TABLE 4. Numbers ot acquired immunodeficikncy syndrome (AIDS) cases, patient-vears of
experience, and rate of developing AlDS per patient-year among 111 HiV-1*-positive men with
hemophilia. according to the number of years since seroconversion and whether the CD4
lymphocyte count had declined to =200/mm?: Royai Free Hospital Haemophilia Centre. London.

Engiand. 1979-1991

CDA4 count had not declined
to 200/mms or below

CD4 count naa declined to
200/mm> or below Totalt

Years since
sefocon-  Ng_ of Patient- No. of Patient- No. oi Patient-
version AIDS years of ;:ae‘:l-ozgr AIDS years ot :::;::Z’ar AIDS years of ;z:t-?reerar
cases expenence 4 cases experence " v cases expenence K

<3 1 322.0 0.003 2 3.9 0.513 3 326.9 0.009
35 1 248.2 0.004 9 45.3 0.199 10 2935 0.034
6-8 2 145.0 0.014 16 65.6 0.244 18 210.6 0.085
9-12 0 34.0 0.000 5 26.7 0.187 5 60.7 0.082
Total 4 750.2 0.005 32 1415 0.226 36 891.7 0.040

* HIV-1, human immunoagetictency virus tvpe 1

t Total numpers ot AIDS cases ana patient-vears of experience are sughtly lower than the numbers in table 1 because ot censoring
of patient expenence 6 montns arter tne tinal CD4 count In 1naiviquals wnose count naa vet to reach 200:mm-
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tial cotactors for progression of HIV-1 in-
fection to AIDS when such designs are em-
pioved. These biases relate to the inabilitv to
control for the unknown time from infec-
tion. However. if. as these results imply.
knowledge of individuais’ dates of infection
adds nothing to the abilitv to predict the
development of AIDS over and above that
afforded bv the CD4 lvmphocvte count. this
suggests that biases can be largelv removed
by appropriate statistical standardization for
the CD4 lvmphocyte count when assessing
the effect of potential cofactors.

It should be noted that although the reia-
tive hazard for the number of vears from
seroconversion fell dramatically towards I
after adjustment for CD4 lymphocyvte count.
the upper limit of the 95 percent confidence
interval was 1.34. Thus. we have not elimi-
nated the possibility that there is some effect
of time from seroconversion after adjust-
ment for CD4 lvmphocyte count. However.
even if the relative hazard is approximately
1.34, it is still an order of magnitude smaller
than that for the CD4 Ivmphocyte count
(relative hazard = 3.25). and its residual
confounding effect in any prevalent cohort
study is likely to be weak.

Similarly. it is important to note that the
relative degree of imprecision in measure-
ment of the covariates in a multipie regres-
sion model can heavily influence the result-
ing coefficient estimates (21-23). In this
case, both the date of seroconversion and
the CD4 lymphocyte count were subject to
some error. and it is unclear exactly how
this factor influenced the results obtained.
However, the resuits were changed little
even when the analysis was restricted to
those with the most precisely characterized
dates of seroconversion (table 6): thus,
again, it is uniikely that we have signifi-
cantly underestimated the effect of time
from seroconversion on the rate of pro-
gression to AIDS.

Regarding HIV-1 pathogenesis. these re-
sults suggest that the loss of CD4 Ivmpho-
cvtes is of central importance in HIV-1 in-
fection. This is consistent with an earlier

report from this studv (1) which indicated
that differences in the ume at which HIV-
I-infected individuals progress to AIDS can
iargely be exoiained bv differences in the
rate of loss of CD4 lvmpnocvies. In contrast
to that report. however. we have here made
no assumptions concerning either the pat-
tern of loss of CD+ Ivmphocytes or the count
at which AIDS develops.

Future work 1n this area must address the
causes of the depletion of CD4 lvmpho-
cvies. Thus. follow-up studies of patients
with high CD4 ivmphocvie counts are re-
quired to ascertain the predictors of the rate
of CD4 lvmphocvte ioss. Studies of patients
wio are alreadv severelv immunosup-
pressed are much less likelv to reveal the
mechanisms bv which the immune-deficient
state has been reached. since the causes and
consequences of immunodeficiency are
likelv to interact.
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SUMMARY

As patients infected with the human immunodeficiency virus (HIV) become more severely
immunosuppressed, they are at increased risk of developing one of a number of oppor-
tunistic infections or lymphomas, which define them as suffering from the acquired
immune deficiency syndrome (AIDS). Estimates of the number of individuals who could
benefit from antiretroviral treatment and prophylactic therapies against the main oppor-
tunistic infections are not readily available, as many individuals infected with HIV are
asymptomatic and unaware of their infection. Using the method of backcalculation, we
suggest that there are currently at least 2161 individuals with severe immunodeficiency but
not AIDS in England and Wales. We demonstrate that this figure is sensitive to the choice
of model for the severe immunodeficiency period and to the assumed effect of pre-AIDS
therapy. Using a definition of severe immunodeficiency based on a single CD4 count
rather than two consecutive counts leads to substantially increased estimates of the
prevaience of severe immunodeficiency.

Keywords: ACQUIRED IMMUNE DEFICIENCY SYNDROME; BACKCALCULATION; EPIDEM-
IOLOGY; HUMAN IMMUNODEFICIENCY VIRUS; IMMUNODEFICIENCY

1. INTRODUCTION

CD4 lymphocytes, which are central to the body’s immune system, are the main
target of the human immunodeficiency virus (HIV), and, as the number of these
cells decreases, the infected individual becomes increasingly susceptible to various
opportunistic infections and lymphomas (Eyster et al., 1987; Fahey et al., 1990;
Phillips er al., 1991a). Although this decline in CD4 cells occurs at differing rates
in different individuals. those with very low CD4 counts (less than 0.2 x 10°1~")
have been shown to be at an increased risk of developing acquired immune defi-
ciency syndrome (AIDS). (Masur er al., 1989; Eyster er al., 1989; MacDonell et al.,
1990; Aledort et al., 1992). Despite this, many patients remain asymptomatic for
a long time throughout infection, even for a while after reaching this level of
immunodeficiency (Masur er al., 1989; Sabin et al., 1993), and a large number
probably remain unaware that they are infected with the virus.

Currently, many treatment centres have adopted policies which involve the intro-
duction of antiretroviral treatment and prophylactic therapies for the main AIDS
defining opportunistic infections when a patient’s CD4 count drops to 0.2 x 10’1~

t.Address for correspondence: Department of Public Health and Primary Care. Royal Free Hospital School of
Medicine, Rowland Hill Street, London, NW3 2PF, UK.
E-mail: caroline@uk.ac.rthsm

2 1994 Rovyal Statistical Society 0035-9238/94/157041
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(Kovacs and Masur, 1988; Chave er al., 1989; Centers for Disease Control, 1992a).
It is believed that, although overail survival may not be increased dramatically, the
effect of these therapies may be to lengthen the time to an AIDS diagnosis, and hence
a greater proportion of time during HIV infection is now AIDS free (Volberding
et al., 1990; Hamilton er ai., 1992). However, there is little available information
about the numbers of individuals with low CD4 counts who remain untreated when
it would be of likely benefit. The new Centers for Disease Control (CDC) AIDS
surveillance definition adopted in the USA (Centers for Disease Control, 1992b)
includes all HIV-infected individuals with a CD4 count less than 0.2 x 10°1-1. If
it were possible to estimate the numbers of individuais with CD4 counts below
0.2x10°17", it would go at least part of the way to assessing the effect of this
new definition on surveillance figures. Additionally, recent research suggests that
patients infected with HIV may also be at a higher risk of transmitting the virus
once their CD4 count drops to a low level (European Study Group on Heterosexual
Transmission of HIV, 1992). Models which aim to study the epidemic through
transmission dynamics could benefit from an estimate of the number of individuals
with very low CD4 counts.

The aim of the research was to use the method of backcalculation (Brookmeyer
and Gail, 1986, 1988; Day et al., 1989; Rosenberg and Gail, 1991) to estimate the
current prevalence of severe immunodeficiency in England and Wales, as defined
by the date of the first of the first two consecutive CD4 counts below 0.2 x 10°1~1.
In this paper, we assess the sensitivity of the method to changes in the reported
AIDS figures and to different possible treatment scenarios. Further, we consider
the effect of variability in the measurement of CD4 counts (Hoover et al., 1992;
Mientjes et al., 1992; Stein et al., 1992) by comparing the above definition of severe
immunodeficiency with a definition based on a single CD4 count only.

2. METHODS AND DATA

2.1. Method of Backcalculation
The method of backcalculation has been well described (Brookmeyer and Gail,
1988; Day et al., 1989). The incidence of severe immunodeficiency and the incidence
of AIDS are linked by the equation

a(r) = \‘;m(s)f(t—s)ds (1)

where a(t) is the incidence of AIDS at time ¢, m(s) is the incidence of patients
initially reaching a CD4 count of 0.2x 10°1-! at time s and f( ) is the severe
immunodeficiency period distribution, i.e. the distribution of the number of years
from reaching a CD4 count of 0.2x10°1~! to developing AIDS. If any two of
these functions are known, or can be estimated, then the third can be inferred.

Now, suppose that calendar time is divided into intervals (i—1, i), i=1, 2, 3,
..., T. Further, using a discrete approximation and making the assumption
that all AIDS cases occurred at the start of the time interval, the above equation
becomes

a = mf_, i=,2 ..., T (2)
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where @; and m; represent the number of new AIDS cases and new cases of severe

immunodeficiency in the time interval (i—1, i), i=1, 2, ..., T respectively
and

(F(i—j+1)—F(i—/’) i>_j:,

f,--,=lF(1) i=J,

0 otherwise

with
Ft) = | f(u) du.
0

In matrix form this becomes
a=Fm 3)

where a2 is a T'x 1 column matrix of known AIDS figures from each time interval,
m is the unknown T x 1 column matrix of the number of HIV-infected individuals
with a CD4 count first dropping to 0.2 x 10°1~! or less in each time interval and
F is a Tx T triangular matrix of the form

— (‘f}—j 12.}!
fi= Lo otherwise.
Then
m=F"'a . @

which can be evaluated easily in any package which allows for basic matrix algebra.
Any changes in the severe immunodeficiency period over time are assumed to be
caused by a number of other factors, such as the introduction of treatment. These
factors can therefore be modelled and a different probability distribution estimated
for each combination of factor levels.

The usual method of backcalculation assumes that the number of new individuals
with severe immunodeficiency in each time period has some functional form (e.g.
quadratic exponential). When backcalculating to HIV infection, this can be chosen
so that the estimates are always positive and conform to the expected shape of the
epidemic. As CD4 count monitoring has only recently come into vogue, information
on the shape of such a distribution for the incidence of severe immunodeficiency
is not available, and the reasons for the choice of any particular model form would
be largely dependent on the researcher. To obtain a very simple method which does
not rely on too many assumptions, the estimates have not been constrained in this
way. However, without such a fixed form, it is quite possible for estimates of the
incidence of severe immunodeficiency to jump wildly between time intervals or
even to become negative. To overcome this partly, therefore, we have subtracted
the number of newly reported AIDS cases from the incidence of severe immuno-
deficiency in each time interval. The resulting figures have been accumulated over
time. The cumulative figures shown, therefore, represent the prevalence of severe
immunodeficiency but not AIDS. These estimates will be rather more stable than
the incidence figures. aithough further smoothing could be applied to the results if
desired.
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2.2. Acquired Immune Deficiency Syndrome Figures

The Communicable Disease Surveillance Centre (CDSC) have provided the
reported AIDS figures for England and Wales. Half-yearly diagnoses up to the end
of 1991, and reported by the end of June 1992. have been used. The backcalculation
has been performed on the total figures for England and Wales, and also for
homosexual men oniy.

AIDS figures reported to the CDSC are subject to a number of known errors.
Several papers have been published which attempt to model the delay between
diagnosis of AIDS and reporting of the AIDS case (Heisterkamp er al., 1989;
Brookmeyer and Damiano, 1989). To be consistent with the methods used by the
1992 HIV/AIDS Predictions Working Group, an adjustment for reporting delay
suggested by Rosenberg (1990) has been used. Under-reporting of AIDS cases has
been assumed to be constant over time and, again in line with the Predictions Work-
ing Group, has been taken to be 20%, i.e. 20% of AIDS cases are never reported
to the CDSC for some reason. Within risk groups this figure is likely to vary: under-
reporting may be lower in groups known to be at a high risk of infection. Finally,
there will be a number of individuals who develop AIDS without ever having been
diagnosed as severely immunodeficient. Published estimates of the number of HIV-
infected patients developing AIDS without their CD4 count ever being measured
below 0.2 x 10°1~! range from upwards of 15% (Farizo et al., 1992; Schwartlander
et al., 1992). When using a definition based on two consecutive counts, this propor-
tion would be expected to be higher. Owing to differences in the frequency of certain
AIDS defining conditions, homosexual men may be expected to develop AIDS at
higher CD4 levels (Masur et al., 1989; Schwartlander er al., 1992).

A summary of the assumptions made for under-reporting, AIDS at counts above
0.2x10°1-! and the age distributions is shown in Table 1. The final adjusted
AIDS figures, both for England and Wales as a whole and for homosexual men,
are shown in Fig. 1.

2.3. Modelling Severe Immunodeficiency Period Distribution
The severe immunodeficiency period was modelled by using procedure LIFEREG
in SAS (SAS Institute, 1989). Three underlying parametric models were compared:

TABLE 1
Assumprions made for backcaiculation both for Engiand and Wales as a whole and for homosexual
men only
All AIDS AIDS cases in homosexual
cases (%) men only (%)
Proportion of AIDS cases never reported to the CDSC 20 20
Proportion of AIDS cases at CD4 counts greater than 0.2 x [1(° [~}
I-count definition 17 18
2-count definition 20 22
Age ar development or AIDS
< 35 years 4 41
>35 vears 56 59
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Fig. 1. Cumulative reported AIDS figures for England and Wales, adjusted for reporting delay and
under-reporting: ----------, total; o, homosexual men

Weibull, log-logisdc and log-normal. Two definitions of severe immunodeficiency
were compared: the date of the first CD4 count less than 0.2 x 10*™ and the date
of the first of the first two consecutive CD4 counts less than 0.2 x 10AT"'. The
latter definition is affected much less by measurement variability in CD4 counts and
has been accepted as the standard definition of severe immunodeficiency by the
Predictions Working Group.

2.4. Severe Immunodeficiency Period

To estimate the severe immunodeficiency period distribution, data were taken
from a cohort of 111 patients with haemophilia at the Royal Free Hospital
Haemophilia Centre. London, who became infected with HIV over the period when
infected blood products were inadvertently administered to patients (1979-85). The
patients are all men and are followed regularly for both clinical and laboratory
review. To date, a median of 16 CD4 counts has been measured on each patient
(range 1-40 counts). Currently, all patients are offered treatment once their CD4
counts drop below 0.2 x 10*M~‘. The patients have been described in more detail
elsewhere (Lee ei al., 1989, 1991; Phillips er ai., 1991a).

To the end of 1991, 45 patients’ CD4 counts had fallen below 0.2 x 10*“* on
two consecutive occasions, of whom 26 had gone on to develop AIDS. Two further
patients’ CD4 counts had dropped on two consecutive occasions, both after a
diagnosis of AIDS, and eight patients are known to have developed AIDS with-
out their CD4 counts falling below 0.2 x 10*™ on two consecutive occasions.
To the end of 1991, 58 of the patients’ CD4 counts had dropped below 0.2 x
10M™ on at least one occasion. Of these, 33 are known to have developed
AIDS.

210



16 SABIN, LEE AND PHILLIPS [Part I,

2.5. Modelling Effect of Treatment

From late 1988, the antiretroviral drug zidovudine became available for HIV-
infected individuals without AIDS, and since 1989 prophylaxis has been available
for pneumocystis carinii pneumonia (PCP) (Kovacs and Masur, 1988; Pedersen
et al., 1990) and candidiasis (Chave er al., 1989), both common AIDS defining
conditions. Treatment within the cohort, therefore, is necessarily limited to those
patients who had survived until late 1988. Currently, few resuits from large-scale
trials assessing the effects of various therapies on both AIDS-free survival and CD4
counts have been published (Volberding er al., 1990; Aboulker and Swart, 1991,
1993). Further, treatment take-up in the HIV-infected population is difficult to
assess without accurate measures of the number of HIV-infected individuals. In
this paper, therefore, the results of several different treatment scenarios are
shown.

To investigate the effect of the introduction of treatment, a ‘no-treatment’ model
has been generated by censoring all survival times in 1988, or at death. Assuming
that therapy has some effect on AIDS-free survival, this model will underestimate
the numbers of individuals with severe immunodeficiency, and so its use is restricted
to comparing the choice of parametric models.

One method of modelling the treatment effect has been described by De Angelis
et al, (1993). The basic matrix equation described earlier is extended to incorporate
a ‘treatment effect’ matrix and becomes

a = TFm (5)

o s)

0 S/’

Iis the (k—1) x (k—1) identity matrix, where & represents the time of introduction
of therapy, and S represents the overall effect of treatment, including the treatment
take-up in the population and the extension to the severe immunodeficiency period
as a result of treatment. The treatment scenarios were chosen to match those used
by the Predictions Working Group when using backcalculation to estimate the
prevalence of HIV infection (Day et al., 1993). We assume that pre-AIDS treatment
began in 1988 and that the proportions of infected individuals receiving treatment
was either 5% in 1988, 15% in 1989 and 25% in 1990 onwards (a ‘low’ treatment
take-up scenario) or 10% in 1988, 30% in 1989 and 50% in 1990 onwards (a ‘high’
treatment take-up scenario). We have compared three different extensions to the
severe immunodeficiency period. Extensions to the severe immunodeficiency period
have been generated from

where T is a 7 x T block matrix

(a) a uniform distribution with a mean extension of 1 year (referred to as a

uni(1) extension),
(b) an exponential distribution with a mean extension of 2 years (exponential(2)

extension) and
(¢) an exponential distribution with a mean extension of 4 years (exponential(4)

extension).
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Fig. 2. Cumulative estimates of the numoers with severe immunodeficiency but not AIDS in England
and Wales, based on a no-treatment model censored in 1988 —comparison of Weibull (---------- ), log-
normal (I) and log-logistic ( x ) models for the severe immunodeficiency period

3. RESULTS

3.1. Total Figures for England and Wales
3.1.1. No-treatment'model: choice of distribution

Three different distributions were fitted to the logarithm of the severe immuno-
deficiency periods, censored in 1988 or at death: Weibull (median 1.19 years),
log-logistic (median 1.10 years) and log-normal (median 1.10 years) models. Fig. 2
shows the estimates of the prevalence of severe immunodeficiency as defined by the
first of the first two consecutive CD4 counts less than 0.2 x I0'AI'"', but without
AIDS, in England and Wales, using each of these three models. There are only
small differences between the three models, although both the log-normal and
the log-logistic models give slightly higher estimates (prevalence of 2075 and
2087 bv December 1991 respectively) than the estimates from the Weibull model
(1767).

Because the Weibull model has frequently been used in the past for modelling
AIDS incubation periods, the following results will be based on the Weibull model.
However, if using the log-normal and log-logistic models, the results can be expected
to be slightly higher than those from the Weibull model.

3.1.2. Effect of treatment: treatment take-up

The results of using either a high or a low treatment take-up are shown in Fig. 3.
The introduction of treatment has been assumed to lead to an extension to the severe
immunodeficiency period generated from a uni(l) distribution. When compared
with the no-treatment model, the effect of the low treatment take-up has been to
increase the estimates by 394 to 2161. The high treatment take-up model increases
the estimates bv a similar amount to 2537.
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Fig. 3. Cumulative estimates of the numbers with severe immunodeficiency but not AIDS in England
and Wales, based on a Weibull model with a uni(l) extension to the severe immunodeficiency period —
comparison of low (---------- ) versus high (o) treatment take-up in the population

3.1.3. Effect of treatment: extension to severe immunodeficiency period

Three different extensions to the severe immunodeficiency period were compared.
A Weibull model has been used, and a low treatment take-up has been assumed.
The results are shown in Fig. 4.

The longer the average extension of the severe immunodeficiency period due to
treatment is, the higher the resulting estimates are. Compared with the extension
from the uni(l) distribution (2161), the exponential(2) extension leads to an increase
of 186 in the results (2347), and with the exponential(4) extension estimates are
increased by another 334 to 2681 individuals with severe immunodeficiency but not
AIDS.

3.1.4. Effect of age

It has been shown that there is more rapid HIV disease progression in older HIV -
infected individuais than in those who are younger (Eyster et al., 1987; Goedert
et al., 1989; Blaxhuit et al., 1990; Phillips et al., 1991b). The patient’s age at
development of severe immunodeficiency was added to the model as a covariate.
AIDS cases were then stratified by age at diagnosis (below 35 years, 44%; 35 years
and above, 56%), representing the overall proportions of AIDS cases in the two
age groups (Communicable Disease Surveillance Centre, 1991). Adjustments were
made to allow for differences in age at development of severe immunodeficiency
and at diagnosis of AIDS. Again, a Weibull model was used including a low
treatment take-up effect with uni(l) extension.

The median severe immunodeficiency periods for those under 35 years and those
over 35 years of age at diagnosis of AIDS were 1.36 years and 1.04 years respec-
tively. Despite this difference in medians, the addition of an age effect into the
model barely affects the estimates, giving a cumulative total of 2148 by the end of
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Fig. 4. Cumulative estimates ot the numbers with severe immunodeficiency but not AIDS in England
and Wales based on a Weibull model with low treatment take-up —comparison of different extensions
to the severe immunodeficiency period due to the introduction of treatment in 1988: ———u- , uni(l)
extension: *, exponentiai(2) extension: iZ. exponential(4) extension

December 1991. As the estimates are so similar to those from the model without
an age effect, no graph has been included to illustrate the estimates.

3.1.5. Definition of severe immunodeficiency

The choice of a definition based on either two consecutive or a single CD4 count
less than 0.2 x 10**M™ has a large effect on the estimate of the prevalence of severe
immunodeficiency but not AIDS. When using a definition based on only a single
CD4 count, the date at which a person is described as immunodeficient occurs, in
general, much earlier than when a definition of two counts is used. When fitting
a no-treatment Weibull model to these times, the median severe immunodeficiency
period was 2.39 years (compared with 1.19 years for two CD4 counts).

By the end of 1991 a total of 5216 individuals would be classified as severely
immunodeficient on the basis of a single-count definition, compared with 2161
under a two-count definition (Fig. 5).

3.1.6. Sensitivity to most recent acquired immune deficiency syndrome figures

Fig. 6 shows the effect of increasing and decreasing the most recent reported
number of AIDS cases for 1992 by 25 or 50 cases. The model is very sensitive to
the choice of this number—each change of 25 leads to a change of 125 in the
prevalence of severe immunodeficiency but not AIDS. These most recent figures
are unfortunately the figures about which we have most uncertainty due to delays
in reporting of AIDS cases to the CDSC.

3.1.7. Homosexuai men
A summary of the above results for homosexual men appears in Table 2. With
a Weibull model, low treatment take-up and a uni(l) extension to the severe
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Fig. 5. Cumulative estimates of the numbers with severe immunodeficiency but not AIDS in England
and Wales based on a Weibull model with low treatment take-up and uni(l) extension —comparison
of severe immunodeficiency definitions based on a single (o) or two consecutive (——— ) CD4 counts

immunodeficiency period, an estimated 1536 homosexual men would be classified
as severely immunodeficient but would not have developed AIDS by the end of
1991. The effects of the choice of the various assumptions are similar to those for
England and Wales as a whole, the estimates being affected by the treatment take-up
in the population, by the length of the extension to the severe immunodeficiency
period and by the choice of definition of severe immunodeficiency.

3000
2500 - .50
+25
1500 =
1000
500 -
1988 1989 1990 1991

Year end

Fig. 6. Cumulative estimates of the numoers with severe immunodeficiency but not AIDS in England
and Wales based on a Weibull model with low treatment take-up and unit|) extension —sensitivity
to the most recentlv retDorted AIDS figures
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TABLE 2
Cumuiative estimates of the number of homosexual men with severe
immunodeficiency but not AIDS by December 31st, 1991t

AIDS cases occurring after development of severe immunodefi- 4305
ciency (adjusted for reporting delay and under-reporting)

No-treatrment model

Weibull 1259
Log-logistic 1497
Log-normal 1491
Treatment take-up

Low 1536
High 1796
Extension to immunodeficiency period

Uniform, mean 1 year 1536
Exponential. mean 2 years 1674
Exponential, mean 4 years 1919
Age effect 1515
Definition based on 1 CD4 count only 3822

tUnless where stated, all results are based on a Weibull model with low
treatment take-up giving a uniform extension to the immunodeficiency period
with mean 1 year. :

4. DISCUSSION

We have estimated that there are at least 2161 individuals in England and Wales
who, if their CD4 counts had been continuaily monitored, would have had two
consecutive CD4 counts below 0.2 x 10°1~' and who do not currently have AIDS.
To put this figure into perspective, there are currently approximately 2120 indi-
viduals living with AIDS who have been reported to the CDSC (Day, 1993). For
each person alive with AIDS, therefore, there is another infected with HIV who,
if their CD4 counts had been continually monitored, would have had two
consecutive CD4 counts below 0.2 x 10°1~! and who are therefore likely to develop
AIDS in the near future.

This estimate assumes use of treatment which has the combined effect of extend-
ing the severe immunodeficiency period by | year on average, and which is received
by 5%, 15% and 25% of individuals developing AIDS in 1988, 1989 and 1990
onwards respectively. We have shown that estimates of the prevalence of severe
immunodeficiency are sensitive to the choice of the severe immunodeficiency period
distribution and, because of its effect on the duration of severe immunodeficiency,
the introduction of pre-AIDS therapy. Estimates are also sensitive to the choice of
the most recent AIDS figures, emphasizing the need for continual effort in monitor-
ing reporting delays and under-reporting levels. This sensitivity has also been shown
by others (Wilson er al.. 1992). Increased age does not affect the results in a large
way: most of the etfect due to age will occur before the CD4 count has fallen to
a low level. Other factors which will also affect the results are the levels of under-
reporting, diagnosis of AIDS before a diagnosis of severe immunodeficiency and
the bias due to severely immunosuppressed patients who die before developing
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i

AIDS. In this paper we have selected a figure for these which, from other sources,
is thought to be the best estimate (discussed later). Because of the simplicity of the
methods used, a change to the AIDS figures as a result of increasing or decreasing
these levels simpiy results in the same proportionate change in the estimates of severe
immunodeficiency. To remain consistent, the assumptions made, and varied, in this
paper, are largely those of the Predictions Working Group. We have not illustrated
the effect of changes to these leveis although in most cases it is quite simpie to
estimate the likely effect.

Other studies have suggested that the median duration of severe immuno-
deficiency (from a single CD4 count definition) ranges from just under 2 years to
around 2.5 years (Van Griensven er al., 1991; Chene et al., 1992). In the absence
of treatment these estimates are similar to ours. Including a treatment effect, how-
ever, inevitably leads to a longer severe immunodeficiency period.

A definition based on two consecutive rather than a single CD4 count attempts
to reduce the effect of variability in the CD4 count measurement, and the results
therefore do not include the large number of individuals who have a single CD4
count below 0.2 x 10°1~" before returning to higher levels (Hoover et al., 1992).
Under this definition the effect of the introduction of therapy on the prevalence
estimates may be much larger than under a single-count definition, dependent on
the policy for introducing therapy. In the UK, it is usual to introduce therapy after
a CD4 count of 0.2x10°1"! (Centers for Disease Control, 1992a). However,
whether a confirmatory CD4 count is sought before starting therapy depends on
the individual centre. Differences between the two definitions will be greater under
a policy which introduces treatment after only a single low CD4 count than under
a policy in which treatment is withheld until the patient has had two consecutive
counts measured below this level.

Very little is known about either the proportion of patients in the population
receiving therapy, the effect of combined therapy on the risk of developing AIDS
or the length of benefit of any therapy. Recent results from trials of zidovudine
suggest that any benefit of the drug is possibly short lived and may not be improved
by earlier usage of the drug (Aboulker and Swart, 1993). Prophylaxis for PCP and
candidiasis have been successtul in reducing the incidence of these AIDS defining
conditions (Chave er al., 1989; Pedersen er al., 1990) but have not prevented them
altogether. We have illustrated some scenarios suggested by the Predictions Work-
ing Group. The low treatment take-up suggested seems plausible and consistent with
the fact that in many case AIDS is the first indication of HIV infection. Extensions
chosen vary both in terms of their mean length of effect and the choice of
probability distribution used to generate them. In general, any effect which extends
the severe immunodeficiency period will necessarily increase the resulting prevalence
estimates.

Available research suggests that the proportion of patients with severe immuno-
deficiency who die betfore a diagnosis of AIDS is at most 2-5% (Eskild ez al., 1992;
Farizo et al., 1992). Although we have not adjusted for this, it is unlikely to be a
major source of bias. The proportions ot patients developing AIDS before the
development of severe immunodeficiency has been assumed to be 20% (two CD4
count definition). This, again, is consistent with other reports (Farizo et al., 1992;
Schwartlander ez ai.. 1992). Finally, under-reporting has been fixed at 20% (Evans
and McCormick, 1994). These last two effects essentially cancel each other out, and
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the residual effect of one over the other is likely to be small. Any changes in these
rates over time would also be expected to act in opposing directions, thus reducing
any overall effect.

The effect of a change in the surveillance definition of AIDS in 1987 (Centers
for Disease Control, 1987), which included two new AIDS defining conditions and
allowed for presumptive diagnoses of certain opportunistic infections, is expected
to have been short lived and will not bias the resuits greatly. The most recent defini-
tion change adopted by the Centers for Disease Control in the USA (Centers for
Disease Control, 1992b), which includes all HIV-infected individuals with a CD4
count below 0.2x10°1~! as AIDS cases, will inevitably lead to increased under-
reporting, as the definition depends on a laboratory test of CD4 counts in poten-
tially asymptomatic people. The inherent biases in future surveillance figures have
already been well described (Hoover er al., 1992). There is potential for our figures
to be used to assess the effect of this new definition, and to generate comparative
AIDS figures for the years before 1993.

Although our estimate is subject to substantial uncertainty, it is possibly the best
estimate that is available currently. Using a similar definition of two consecutive
CD4 counts less than 0.2x 10°17}, current estimates suggest that there are more
than 1000 HIV-infected individuals who have severe immunodeficiency, without
AIDS, but are currently receiving care (HIV/AIDS Predictions Working Group,
1992). This number excludes many asymptomatic patients with low CD4 counts
and those who are unaware of their HIV status. We may infer, therefore, that of
those patients with severe immunodeficiency, but not AIDS, just under a half are
currently receiving care. This is consistent with the fact that only 50% of male
homosexual and injecting drug user HIV cases, and 25% of heterosexual HIV cases,
were diagnosed more than 4 months before a diagnosis of AIDS (HIV/AIDS Predic-
tions Working Group, 1992). Recent estimates for the USA suggest that by the end
of 1992 up to 170000 individuals developed severe immunodeficiency but not AIDS,
a ratio of between 1.0 and 1.2 to the estimated number of live AIDS cases (Centers
for Disease Control, 1992¢). The method used is slightly different from our own
(Brookmeyer, 1991) and the definition of severe immunodeficiency that has been
used is based on a single CD4 count. These results are, however, somewhat lower
than ours.

We have not attempted to put any bounds of uncertainty around our estimates.
For simplicity, we have suggested a range of possible values by allowing the assump-
tions to change slightly. Bootstrapping methods could be used to obtain confidence
intervals for the estimates (Efron, 1982), and attempts to find bounds of uncertainty
for these estimates should certainly be investigated further. Under certain assump-
tions around 2161 individuals are likely to have severe immunodeficiency but
not AIDS under a two CD4 count definition. This is our preferred estimate as the
assumptions made are reasonable and the estimate is consistent with other sources
of information. However, we have illustrated that if these assumptions are changed
slightly the estimated prevalence of severe immunodeficiency can rise quite dramat-
ically. For example, a more positive benefit to AIDS-free survival due to treatment
could lead to an increase of 500 in the prevalence estimates. A further metho-
dological point which shouid be commented on is the decision to assume that all
AIDS cases occurred at the start of each time interval. The backcalculation was
repeated with quarterly AIDS figures. This would be expected to reduce any bias due
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to this assumption, as AIDS cases would be misplaced by at most 3 months, rather
than 6 months when using half-yearly data. However, when this analysis was per-
formed the results were essentially unchanged (data not shown). These results were,
however, rather less stable than the half-yearly estimates, as they were based on
much smaller numbers.

As the cohort is made up of male patients with haemophilia, uncertainty will
always lie in whether the estimate of the severe immunodeficiency period is represen-
tative of other risk groups. Although certain AIDS defining conditions are more
common in different risk groups, little evidence is available to show that progression
rates, especially from a low CD4 count to AIDS, vary greatly between the groups.
Homosexual men are more likely to develop Kaposi’s sarcoma than other risk
groups are, and so might be expected to progress more rapidly (Masur et al., 1989;
Schwartlander er al., 1992). However, there is a suggestion that other co-infections
in injecting drug users and exposure to intermediate purity clotting factor concen-
trate in patients with haemophilia also speed progression in these groups. Little
information is available on HIV disease progression in females. However, as the
number of HIV-infected females in England and Wales is small, any differences
in progression rates are likely to have little effect on the overall estimates of severe
immunodeficiency. Although it would be of interest to apply the method to risk
groups, other than homosexual men, in the population, the method used is less
robust with smaller numbers of AIDS cases, and the estimates would be affected
much more by small perturbations in the data.

There are currently at least 2161 individuals estimated to have severe immuno-
deficiency (as defined by two CD4 counts below 0.2x10°1"") but not AIDS in
England and Wales. It is thought that less than a half of these patients are currently
receiving care. Although there is still work to be done on refining the methods used,
this estimate is consistent with those from the other, limited, information sources.
These are the patients who are most likely to develop AIDS in the near future and,
hence, should be identified and targeted for prophylaxis and other treatment.
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Summaryv. Whilst the prognostic value of serum beta-2
microglobulin (s-f.m) is well documented. the lack of a
simple strategy tor its use means that it is rarely ever
measured in clinical practice. The prognosis associated with
s-f-m at two different points in HIV infection. as defined by
the CD4 count, was studied in a cohort of 111 men with
haemophilia registered at the Roval Free Hospital School of
Medicine. London. At CD4 counts of O-5 and 0-2 x 10", a
raised s-ff.m level was significantly associated with an
increased risk of developing AIDS (P=(1-002 and 0-022
respectively. adjusted for the patient’s age). Kaplan-Meier
progression rates to AIDS by 4-5 vears after a CD+ count of
05 x 10/l were 579, (95% CI 32-82%) in those with s-j.m
levels of 3 mg/l or more. but 20% (95% CI 4-36%) in those
with s-f,m levels of less than 3 mg,/l. By 3-5 vears after a CD4
count of 0-2 x 10%/1. Kaplan-Meier progression rates to AIDS

were 75% (95% CI 52-98%) in those with s-fi>m levels of 3-8
mg:lor more. and 47% (95% CI 29-66Y%,) in those with s-/j>m
levels of less than 3-8 mg/L. In the absence of acute viral
infections. a raised s-f-m indicates those who will tend to
progress to AIDS more rapidly than those with lower s-fi.m
levels and the same CD4 count. S-f.m levels in general are
likely to be higher in haemophilia patients than in other. non-
haemophilic risk groups. Whilst care should be taken.
theretore. when applying our chosen cut-off values to non-
haemophilic patients. our findings support the introduction
of prophylaxis and antiviral therapies at a higher CD4 count
in those with raised s-f§.m levels relative to other patients in
the same risk group whilst delaving treatment in those with
lower CD+4 counts. but relatively normal s-f$,m levels.

Kevwords: beta-2 microglobulin, CD-+t. haemophilia. HIV.

CD+4 lymphocyte counts have been shown to be one of the
best prognostic markers tor the development of AIDS in
individuals with HIV infection. As the ¢D4 count declines.
the intected individual becomes at a greater risk of developing
HIV-related conditions and AIDS. However. although very
valuable. the (D4 count is not a perfect indicator of
prognosis. and many individuals can survive tor long periods
of time with low €D+ counts without developing overt signs
of immunodeficiency. A number ol serological markers have
theretore been suggested to complement CD4 counts (Moss et
al, 1988: Eyster et ai. 1989: Fuchs et ul. 1989: Fahev et al,
1990: Fernandez-Cruz et al. 1990; Polis & Masur. 1990)
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including serum beta-2 microglobulin (s-fim) (Moss et al.
1988: Fahey ¢t ul. 1990: Fernandez-Cruz et al. 1990:
Schwartlander et al, 199 3). .

S-#.mis a small 12k peptide which is normally associated
with membrane bound HLA-A.B.C (class [} molecules. Once
lvmphoid cells are activated, however, s-fixm is shed and
consequently, during infections. elevated levels of s-f,m are
measured (Greyv et al, 1973). The turnover of activated CD8
lvmphocytes is particularly high in the acute phase of viral
intections caused by cytomegalovirus (CMV) and Epstein-
Barr virus (EBV) when s-§;m levels are also highly elevated
1Cooper ¢t al. 1984). In HIV-1 infection. s-fi>m values rise
carly after seroconversion (Zolla-Pazner et af. 1984: El-Sadr et
al. 1987: Hofmann et al. 1990) and then stabilize at various
levels. probably retlecting the high turnover of lymphocytes
in HIV disease. S-fxm levels remain predictive of progression
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to AIDS. largely independently of CD4 counts (Bhalla et al.
1985: Moss ¢t al. 1988: Fahev et al. 1990; Hofmann et af.
1990: Chevret et al. 1992: Schwartlander et al. 1993).
Furthermore. the rise in s-fi-m levels predicts tuture CD4
decline tHarrison & Skidmore, 1990) and has been shown to
correlate with the drop in €D4 counts (Prince et ai. 1990:
Domingo et al. 1992: Lifson et ai. 1992).

Although a number of publications have indicated that the
measurement of s-fim levels is useful in clinical assessment
(Anderson et al. 1990): Fahev et al. 1990: Hofmann et al.
1990), these analvses have either dealt with patients at all
stages of HIV disease or have simply stratified patients
according to their CD4 counts and s-fim levels at entry to the
study. Patients with widely differing CD4 counts and. hence.
expected survival times are therefore grouped together.
confounding the issue and making it difficult for a clinician to
interpret the etfect of a raised s-fi:m level. The difficulty
associated with developing a simple strategy tor assessing
patient prognosis on the basis of both the s-f§:m level and the
CD4 count has meant that. aithough it is widelyv recognized
that s-,m provides prognostic information additional to that
given by the CD4 count. this information is seldom used in
clinical practice.

In the U.K. it is common practice to start prophylactic and
antiretroviral therapv once the CD4 count falls below
-2 x 10?/1 (Centers for Disease Control. 1992). However. in
the U.S.A. treatment is often started at much higher CD4
counts (()-5 x 10?/| and below) (State-ol-the-Art Conterence
on Azidothvmidine Therapy tor Earlv HIV Intection. 1990).
These two CD4 counts therefore not only represent different
stages of HIV infection but are also critical points for clinical
decision making. In this paper we aim to assess the prognosis
associated with s-ff,m level in a cohort of HIV-seropositive
men with haemophilia. at two points in their intection
defined by the CD+ count: tirstly when the count falls to below
(-5 x 107/l and. secondly. when the count falls to below
(-2 x 10%/l. This provides a practical strategy bv which
clinicians who are currently regularly monitoring patients’
CD4 counts can make use of the additional prognostic
information which has generally been shown to be provided
by s-fim.

Patients. 111 men registered at the Royal Free Hospital
Haemophilia Centre became infected with HIV between 1979
and 1985. The patients were aged between 2 and 77 vears
(median 24 years) at the time of their tirst positive HIV' test.
and are followed up for clinical and laboratory review
approximately everv 3-6 months (Lee et al. 1989. 1991:
Phillips et al. 1991). CD4 lymphocyte counts have been
routinely measured at these visits since December 1982, \s
serum is regularly stored on these patients. and since all

- haemophilia patients with HIV are known to have been
“infected between 1979 and 1985. it has been possible to
_estimate seroconversion dates tor all 111 men (lee et al.
1989, 1991: Phillips et al. 19911,

" Since August 1987. 51 patients have been treated with
zidovudine,. including 10 patients who received active drug in

METHODS
1
|
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the MRC/INSERM Concorde trial of zidovudine versus pla-
cebo in asvmptomatic HIV-infected patients. Prophylaxis
with pentamidine tor PCP began in Februarv 1988 and more
recentlv septrin has been used. To the end of 1992, 36
patients have received PCP prophylaxis (26 primarv. nine
secondaryv). Currentlv. all patients with CD4 counts of less
than (-2 x 10"/I are given PCP prophylaxis and zidovudine.
and since April 1988. 36 patients with a CD4 count
<():2x 10"l have received fluconazole 150 mg weekly as
prophvlaxis against candida (1 3 primary. 26 secondary).

Laboratory methods. Absolute CD4 counts were calculated
from the lymphocyte count and CD4 % values which were
measured as tollows: Absolute lvmphocyte count was deter-
mined by an automated whole blood counter (Ortho 'ELT
800" with differential screen). Between 1982 and 1986 the
percentages of CD+4 Ivmphocytes were counted in Ficoll-
Hypaque separated blood mononuclear cell suspensions
using an EPICS V flow cvtometer (Coulter Electronics). Since
1986 a whole blood lvsis method has been used. and
percentage of CD4 lvmphocytes analysed by tlow cytometry,
cither using an EPICS V or FACScan (Becton Dickinson)
(Bofill et al. 1992). A monocional CD4 antibodyv, RFT4. to the
p335 CD+ antigen was used throughout. either singly or. since
1986. in double concentration with a monoclonal CD3
antibody (OKT3 or LCHT1). Flow cvtometer quality control
was monitored using Q.C. beads. and in the U.K. NEQAS
external quality assurance scheme.

For the purposes of this study. s-f/:m was tested retrospect-
ively on stored frozen sera tMancini et al, 1965). A commer-
cial radial immunodiffusion (RID) method was used on ail
samples (NanoRID. Binding Site Ltd} and monitored by QC
controls and the U.K. NEQAS quality assurance scheme.

Statistical methods. Two baseline dates were estimated for
each of the patients: the dates on which each patient's CD4
count had fallen below 0-5 x 10%/l and -2 x 10?/I respect-
ivelv. These dates were estimated bv linear interpolation
between the dates of the last D+ measurement above and
the first measurement below these two levels. Patients with a
first-recorded CD+4 count below that of interest were excluded
from the analysis. 5->m measurements were included in the
unalysis if a stored serum sample was available within 6
months of the baseline date. As these measurements were
unlikelv to be normally distributed. Spearman rank correla-
tions were used to assess the linear relationship between the
patient’s age at these baseline dates. and the s-fim level. As
both s-fiym leveis are likelv to be higher and AIDS-free
survival times shorter in older patients. Cox proportional
hazards models were fitted to the survival times with both the
s-fi»m measurement and patient’s age at baseline as fixed
covariates (Cox & Qakes. 1984). Thus the effect of s-f:m
could be assessed independently of the patient's age at
baseline. The assumption of proportional hazards was
checked by plotting an estimate of the log ( —log (survival
function)) against time from baseline for each group. The
Litetest procedure in SAS (SAS Institute Inc.. 1989) was used
to generate Kaplan-Meier plots of the probability of develop-
ing AIDS vearly from these baseline dates. Patients were
stratified into two groups according to their s-ff.m level at
cach baseline. the upper 33rd percentile of the s-fi-m level
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lieinu chosen as the cut-on' point so as to ensure a similar
number ot AIDS cases in each ttrouD. Differences between the
survival curves were tissessed tor sieniticance usinti the log-
rank test iCox & Oakes. 19X 41 l'inailv. as /.idovudine has
been shown to reduce the level oi s-i'.m. at least temporarilv
II’edreira ci til. 1992). all analyses nave Deen repeated, with
patient tollow-up censored at the end ot NovemPer 19SS. it

the patient had not developed .AIDS by then.

KESTri.TS

I'orty-seven members ot the cohort had a s-/hm measure-
ment within b months ot their CD4 count tailing below
0 5X1()'"] (Table 11 .At this point in their infection, the
patients' age was correlated with their s-/Tin measurement
1Spearman's r=1)-35. P= ()-()2). The corresponding s-/Tm
measurements for patients when their CD4 count had fallen
to 0 2 X I0O'?'l are also shown in Table I. 4b patients had
s-/).in measurements within n months of their CD4 count
falling below 0 2 x KO | and. again, the patients ages were
highly correlated with the s-/Km measurements (r=0-47.
I’=o-oon.

In order to assess the relationship between .AIDS-free
survival. s-/Km and the patients’' age at each baseline. Cox
proportional hazards models were used to model survival
times, adjusting for s-fOm levels and age. both separately and
in a bivariate model. For each CD4 measurement, the
proportional hazards assumption fors-pan level was assessed
for validity by plotting an estimate oi the log i - log (survival
function )lagainst time in each group. .As the two plotted lines
were approximately parallel in each case, the proportional
hazards assumption was felt to be reasonable for each CD4

level. The relative risks associated with a unit increase in

Table I. S-/Km measurements img. I) ana patients age at baseline.

I*aseiine CD4 measurement

)5\ )0" 1 9-2V19'1
\o. of patients 4" 40
S-/bm
$A5 oil2s",) 25 (59-9VV,)
<35;,3 11023 4A) 11(2 3-9%)
<3.A2 5 17i 5(v2",.) 3 119-9%)
<25 15,27-7" ) u|15-2%)
Median 1.- 35
Range 15-0-5 1-8-0-5
\ge (vears)
Median 2.5-0 39-8
Ranee ri.4-no-4 10-8-"4-4
spearman correlation eoeiticient
0-t5 9-4

lage versus s-yi-m i

Table Il. Relative Hazards land approximate coniidence inier-

" alsi associated with a unit rise in s-/i >m and a 5-vear increase in aue

It baseline.
9-5 y (O™ 1lo .AIDS 9-2 X 19" 1to .AIDS
Relative Relative
hazard Cl hazard Cl
1ni\ ariate
*-IKm 1-(i8 1-29-2-5b 1-42 1-97-1-99
\ge 1-95 9-8b-l -22 1-95 9-95-1-18
‘Blvaria te
s-/Kin 2 55 145-5-87 1-01 1-97-2-45
Age 9-85 9-08-1 -91 9-95 9-89-1 -99

s-/Kin and a 5-year increase in age are shown in Table Il. At
each CD4 level the univariate effect of s-/Km is highly
significant (P=0-()03 and P=()-()17 at CD4 counts of 0-5
and 0-2 x 10™ I. respectively . When considering progression
from a fixed CD4 count to .AIDS, the patient s age has little
effect on survival times. Hence, in both cases, when age is
added into the model, the effect of s-/Km remains unchanged
(P=(-()()07 and P=()()22 at CD4 counts of 0-5 and
0 2 X HP L respectively).

The upper 3 3rd percentile of the s-/Km measurement at a
CD4 count of 0-5 x 10 b1 was 3 mg/1. Patients were stratified
according to whether their s-/Km measurement was above or
below this value. There is a substantial difference in progres-
sion rates to AIDS after aCD4 count of'O-5 x 10"™/!, with those
patients with the highest s-/Km levels (3 mg/1 or above)
progressing at a much faster rate than those with lower
measurements (Fig 1). Whilst 57% of patients with s-/Km
measurements of 3 mg/1 or more would be expected to
progress to AIDS in just under 4-5 years 195% CIl 32-82%).
only 20% ofthose with less than 3 mg/1 would be expected to
have progressed to AIDS over the same period of time (9 5% CI
4-3b%).

At aCD4 countof0 2 x 10" I. the upper 33rd percentile of
the s-/)jm measurements was 3 8 mg/1. Again patients were
\tratified according to whether their s-/Km measurement was
above or below this value (Fig 21. At a CD4 count of
0 2 X 10™ I. patients with s-/f:m levels of 3 8 mg/1 or more
have a faster progression rate to AIDS than those with lower
measurements. 13y 3 5 years after their CD4 count falling to
0 2 X 10™/l. 75% of those with s-/Km values of 3 8 mg, | or
more would have progressed to AIDS (95% Cl 52-98% ). Over
the same period fewer patients (47%: 95% Cl 29-bb% ) with
s-/lbm measurements of less than 38 mg/1 would have
progressed to .AIDS.

Finally, the effects of introducing antiviral treatment and
prophylaxis tor opportunistic infections in November 19X8
were considered by censoring the data at this point in time.
Although no longer stafisticallv significant, the size of the
effects was similar and the mam conclusions essentiallv

unchanged.
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DISCUSSION

We have suggested in this paper a simple method of using the
s-/lUm measurement in coniunction with the CD4 count.
When the patient's CD4 count drops below t)-5 x 10" 1, the
s-/6 m level should be measured. The observed value can then
be compared to Fig 1to give an idea ofthe patient s prognosis,
given that they have a CD4 count of approximately
0-5 X 10'!. When the CD4 count falls below 0 2 x 10™* 1the
s-/6 m levels should be measured again and the patients
prognosis, conditional on this low CD4 count, estimated by
referring to Fig 2.

This method assigns a well-defined role to s-/6 m in clinical
decision making, it is important, therefore, to emphasize that
increases in the value of such parameters are not ill\'-1l
specific. \'erv high values of s-/Oin can be found in acute viral
infections such as CM\'. herpes. \aricella and hepatitis
(Couperet ai. 19X4: liackman ci al. 19Sb: \orfolk c/al. 19X7:
Wejstal et al. 1992). and other conditions associated with
immune activation (Hackman et ai. U'Xh: Norfolk et ai. 12X7:

Cianella et ai. 19X9). although such changes are usually

B2M > 3mq/l
B2M <3mg/l

9 10 I'lg 1. Kuplan-Meier plot of progression Irom
9 a CU4 count ol 0 5x 10'"/j to .AIDS, stratified

by s-iiiTi level.

B2M > 3.8mg/l

B2M < 3.8tng/l

rig 2. Kaplan-Meier plot of progression from
a CD4 count of 0 2 x 10 | to .AIDS, stratified

by s-/i:m level.

temporary, not only in normal individuals but also in HIV-1
infected patients. These factors should be taken into con-
sideration when interpreting individual s-/ijm values.
These results show that at the two CD4 counts chosen,
patients with raised s-/ian levels will tend to progress to AIDS
more rapidly than those with lower s-ii*m levels. Addition-
ally. the prognosis associated with a high s-ii,m measure-
ment depends on the level ofimmunodeficiency. Forexample,
ataCD4 count off) -5 x 1()"/!. a s-i6 m level of 3-2 mg/1 would
tend to indicate a patient with a relatively poor prognosis
compared to other patients with similar CD4 counts. How-
ever. at a CD4 count of 0 2 x 10™!, a s-/6 m level of 3 2 mg/1
indicates a reasonable prognosis compared to most other
patients with similar CD4 counts. We conclude that earlier
treatment should be considered in patients whose s-/6 m
levels have risen above | mg/1, without necessarily waiting
for their UD4 count to fall below 0-2 x 10™/!. Itisimportant to
stress that there is a continuous relationship between s-/6 m
levels and patient prognosis, and the stratification into two
groups is simply for ease of clinical use. Whilst we have

chosen the top 33rd percentile as the cut-off for this analysis.
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any cut-off point could be chosen. Within each group there
will be variabilitv amongst the expected survival times ot the
patients between those with higher and [ower s-/5,m levels.

By onlv including patients with a s--m level measured
within 6 months of CD4 counts ot )-3 and ()-2 « 10" |. many
others are excluded from the analyvsis. However. this dis-
advantage is compensated for by the ftact that the remaining
groups are homogeneous in terms of their disease state. and
therefore the results are usetul in a clinical situation where
decisions are often based on the CD4 count. Whilst our data
has shown the prognostic value of s-f,m over longer tollow-
up than almost ail previous studies. there 1s a need for larger
studies to repeat this analysis in order to stratitv patients into
a larger number of s-f.m groups and to correlate the
prognostic signiticance of s-m with other markers such as
neopterin and lvmphocyte subsets (Prince et al. 1990): Bass et
al. 1992).

These resuits are in agreement with other papers in which
raised levels of s-fim have been shown to be indicative of a
poor prognosis. Both Fahey et al {1990) and Hofmann et al
(1990) have suggested that the predictive power ot's-§>m and
CD4 counts are of a similar size and are independent
{Anderson et al. 1990). Our results are very similar to those of
Harrison & Skidmore (1990). who suggested that a s-.m
level of 3:35 mgyl or more is predictive of imminent
progression to AIDS. although no attempt was made to
control for differences in CD4 count in their study. Schwart-
lander et al (1993) concluded that s-g.m had additional
predictive value whatever range the patient's CD4 count fell
into at the time of measurement.

In this cohort. treatment is generaily started at a (D4
count of 0-2 x 10%/l. Recent papers assessing the relationship
between zidovudine and s-f/-m levels have shown that the
decrease in s-f.m levels after the introduction of zidovudine is
not correlated with changes in CD4 counts 1Bass et al. 1992).
We have seen that our conclusions are essentially unchanged
if the data is censored at the end of November 1988. at the
time when treatment became generally available to non-
AIDS patients in the cohort. Hence. a high s-g.m level
indicates a poorer prognosis. regardless ol anyv treatment
effect.

The cohort is made up predominantly ot heterosexual men
whose only HIV risk was trom treatment {or their haemophi-
lia. It is not vet known how these resuits can be generalized to
other. non-haemophilic. patients. such as injecting drug-
users (IDUs). homosexual men. heterosexual males and
females. In particular. s-f-m levels have been shown to be
higher in HIV —ve patients with haemophilia than in non-
haemophilic patients (Howard et al. 1988). Flegg et al11991)
found that s-ff.m levels were increased in HIV-1 negarive
IDUs when compared to normal controls. Gorter et al 11992)
observed that levels were also higher in HIV'-1 negarive black
[DUs than in white IDUs. Whilst the absolute leveis may ditfer
between risk groups. however. a raised s-p.m levet. relative to
that of others in the same risk group. has been shown to be
indicative of more rapid progression to AIDS in homosexual
men. haemophilia patients and 1VDUs (Cuthbert et ai. 1990
Hofmann et al, 1990: Lifson et al. 1992: MAP workshop.
1993). Hence. care should be taken when appiving our

chosen cut-off values to non-haemophilic patients. and
turther studies into the most appropriate cut-off levels for
other risk groups are essential. However, the general strategy
for the use of s-ff>m remains unchanged.

Thus, a high s-ffm measurement indicates patients who
are more likely to develop AIDS rapidly irrespective of their
CD+ count. The possibility of temporarily raised s-f$.m levels,
due to the presence of acute viral infections such as CMV, EBV
or influenza (Cooper et al. 1984: Backman et al. 1986:
Norfolk et al. 1987; Wejstal et al. 1992), should be eliminated
and the patients’ levels retested if necessary. In the absence of
such acute viral infections. our findings would support
introduction of antiviral and prophylactic therapies at higher
CD4 countsin patients with a raised s-fm level {3-3-5 mg/l).
However, in view of possible long-term resistance to antiviral
therapies. one might also consider delaying treatment for
patients who have a low CD4 count. with near normal s-f.m
levels.
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Summary

Allogenic proteins that contaminate intermediate purity clotting fac-
tor concentrates may activate the immune system of HIV-infected hae-
mophilic patients. In 37 haemophilic patients intected with HIV who
had originally been treated with intermediate purity factor VIII concen-
trate and then changed to monoclonally-purified high purity factor VIII
concentrate the rates of CD4+ decline (10%1 per vear) were 0.06 before
and 0.02 after a switch to high purity products (p = 0.01). The median
follow-up of patients after the switch to high purity products was
1.7 years (range 0.2 to 3 years). This significant change in the rate of
CD4 decline was independent of the starting CD4 count, age and anti-
retroviral therapy. This result is consistent with those from randomised
trials of the introduction of high-purity concentrate. Given the strong
association between the CD4+ count and survival. treatment with high
purity rather than intermediate purity clotting foctor concentrate may
confer a survival benefit for HIV-infected haemopnilic patients.

Introduction

Selection of the clotting factor concentrate is a major consideration
in the clinical management of patients with haemophilia. The purity of
the concentrate is of concern for patients with HIV infection because of
the potential detrimental impact of immune activation and dysfunction
by alloantigens and other immunomodulatory materials which conta-
minate intermediate purity concentrates (1, 2).

A number of early studies suggested stabilisation of absolute CD4+
counts following treatment with monoclonally punified product, but
these studies were uncontrolled (3-5). Rocino et al. first provided the
evidence that avoiding the allogenic impurities present in intermediate
purity concentrates resulted in stabilisation of CD4+ counts in a con-
trolled study (6). This study was later extended to include 20 asympto-
matic patients randomly assigned to either high purity monoclonal pro-
duct or to continue on intermediate purity product: zfter 96 weeks there
was a greater fall of CD4+ lvmphocyte counts in those receiving the
less pure concentrate (7). Another multicenter prospective. controlled
trial compared 30 patients treated with monocionai versus 30 patients
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treated with intermediate purity concentrate and there was a stabilisation
of the CD+4+ count in those receiving the monoclonal product (8). In a
further study, Hilgartner et al. (9) showed that 36 patients treated with
high punity concentrate had a smaller decline in CD4+ couns than 72
matched controls.

Although these studies have shown statistically significant benefits
from high punty factor VIII concentrate, they have been criticised for
their small numbers. Furthermore, the matter has been confused by the
publication of a study showing that a high purity concentrate prepared
by ion exchange chromatography (rather than monoclonal technology)
does not confer such an advantage in HIV-positive patients (10).

On the basis of these reports the UK Regional Haemophilia Centre
Directors have recommended that HIV-positive patients should be
treated with high punty clotting factor concentrate (1T). However, this
treatment remains controversial, particularly because of the high cost
involved (12) but also because a larger double-blind controlled trial
would now be considered unethical.

In this paper we have estimated the change of CD4+ slope in HIV-
positive haemophilic patients before and after switching to monoclonal
high-purity factor VIII concentrate, and assess the impact of other
cofactors. such as patient age and the introduction of antiretroviral
therapy. on this.

Methods
Patients

Between the years 1979 and 1985, 111 men with haemophilia registered at
The Royal Free Hospital Haemophilia Centre, became infected with HIV.
Serum samples were stored on every patient visit. These serum samples were
retrospectively for HIV seropositivity in order to estimate the time of HIV sero-
conversion (13-13). All patients were male, aged between 2 and 77 years
(median 24 years) at the time of their first positive HIV test. The patients are
regularly seen every 36 months for a complete clinical and laboratory review.
including CD4 counts which have been measured since December 1982, By the
end of 1992, a median of 17 CD4 counts had been measured on each individual
(range 1-32 counts).

Until January 1989, all patients received intermediate purity products from
a variety of manufacturers. From January 1989, patients whose CD4 counts
dropped below 0.2 X 10°/1 received high purity products (either “Monoclate™,
Armour Pharmaceuticals Ltd., Eastbourne, UK, or “8SM", BPL, Elstree, UK).
From late 1991, following the UK Regional Haemophilia Directors’ guidelines
(11). all HIV-positive patients were switched to these high purity products.
imespective of their CD4 count.



In our protocol antiviral therapy is introduced at a CD4 count of 0.2 X 101
and for AIDS or CDC 1V disease (16). Since August 1987 to the end of 1992.
51 patients have been treated with zidovudine. including 10 patients who
| received active drug in the MRC/ANRS Concorde trial of immediate versus
. deferred zidovudine. Prophylaxis is also introduced at a CD4 count of 0.2 X 10°1.
Prophylaxis for Pneumocystis carinii Pneumonia (PCP) with pentamidine or
co-rimoxazole began in February 1988. By the end of 1992 36 patients (26 pri-
mary, nine secondary) had received it. Prophylaxis for candidiasis using fluco-
nazole began in April 1988 and by the end of 1992 36 patients (i3 primary, 26
secondary) were treated.

Luboratorv Methods

Between 1982 and 1986 the absolute CD4 counts were calculated from the
lymphocyte count and CD4% values. The absolute lymphocyte count was deter-
mined by an automated whole blood counter (Ortho “ELT 800" with differen-
tial screen) and the percentages of CD4 lymphocytes were counted in Ficoll-
Hypaque separated blood mononuciear cell suspensions using an EPICS V flow
cytometer (Coulter Electronics) (14). Since 1986 a whole blood lysis method
has been used, and percentage of CD4 lymphocytes analysed by flow cytome-
ry, either using a FACScan (Becton Dickinson, Crawlev, UK) (17). A mono-
i clonal CD4 anubody, RFT4, 10 the p35 CD4 antigen was used in concentration
| with a monoclonal CD3 antibody (UCHT1) as described previously (17). Most
-recently absolute CD4 counts have been dircctly obtained on an ORTHO
 Cytoron-Absolute (ORTHO Diagnostics. High Wycombe. LK). Flow cyto-
meter quality control was monitored in the UK National External Quality
Assurance Scheme. We have compared CD4 counts from before and after the
change in methods in 1986 and have seen no consistent difference.

Statistical Methods

Rates of CD4 decline have been estimated using linear regression methods.
In order to remove the possible bias of the CD4+ counts “flattening out” as they
reach a very low level, irrespective of high purity factor VIII usage, CD4+
counts were only included until the count fell below a threshold of 0.03 X 10%/1;
CD4+ counts after this measurement were excluded from the analysis. The
choice of 0.03 X 10%1 was arbitrary, 1o allow sufficient patient experience
between CD4 counts of 0.2 and 0.03 X 10°1. but being high enough to remove
as much bias as possible. In order not to place undue weight on estimates of
slopes based on only two CD4 counts, rates of decline were estimated only in
those patients who had three or more CD4+ counts before as well as after the
introduction of high purity products. Follow-up was complete to 31st Decem-
ber 1993.

Tests for significance of differences between rates of decline were per-
formed using non-parametric methods (Wilcoxon paired sign-rank test for asses-
sing whether there was any overall slope change, and Kruskal-Wallis test for a
comparison of the changes in rate of decline between subgroups). The patient’s
age and CD4+ count at introduction of high purity concentrate. zidovudine
‘ausagc (before and after introduction) and calendar year of starting high purity
products, were ail assessed for association with the change in the rate of decline
after the switch to high purity concentrate.

b
iy
!
:
3

Results
1
" Bytheend of 1992 61 of the 111 patients in the cohort had received
high-purity products. In 31 of the 30 patients not receiving high-purity
products death occurred before the switch to high purity products and in
the remaining 19 individuals the information was incomplete (Fig. 1).
Twelve patients (20%) receiving high purity products died during fol-
low-up.

The 61 patients had three or more CD4+ counts measured prior to
the switch to high purity products (median number of counts 14. range
5-32). CD4+ counts immediately before the switch to high purity pro-

111 patients
A4 v v
! )
Switched to | Died before information ’
high-purity | switch to not available |
progucts high-purity on treatment
products or CD4 counts
n+61 n=31 n=19 |
!
M Y
3 or more 3 or more
CD4 counts CD4 counts
betore and before but
after switch not after
switch
n=37 n=24
v

i

PAIRED ANALYSIS

Fig. I Algorithm showing number of patients with available CD4 counts for
the estimation of rates of decline before and after the introduction of high-
purity products

ducts ranged from 0 to 1.19 X 10%1 (median 0.3 X 10%1). After the
switch to high purity products, 37 of the 61 patients had three or more
CD4+ counts above the CD4+ threshold (median number of counts 6,
range 3-23). The median follow-up of patients after the switch to high
purity products was 1.7 years (range 0.2 to 3 years). The paired analy-
sis of CD4 slopes before and after the introduction of high purity pro-
ducts is carried out in these 37 patients (Fig. 1).

Table ] Median change in the rate of CD4+ decline (and range). A positive
change indicates that the rate of decline has become less steep, whereas a
negative value indicates that the rate of decline has become more steep

Change in rate of CD4+ decline

(X 10/ per year)
Median Range p-valuc*
All patients 0.04 0.7410-0.28 0.01
CD4 count (X 10°1) =0.5 0.02 0.25t0-0.28
<0.5,202 0.02 0.74t0 -0.19
<02 0.07 0.2010-0.07 022
Age (years) =30 0.04 0.7410-0.28
>30 0.05 02010007 0.75
total monociate <64130 0.08 0.74 t0 -0.28
usage (units) 264130, <168910 0.03 0.13 10 0.00
=168910 0.05 0.2510-0.07 090
Zidovudine usage  Before monoclate 0.04 0.16t10-0.10
After monoclate  0.04 0.2010-0.03
None 0.04 0.7410-0.28 099
Calendar vearof  Before 1991 0.02 0.2510-0.10
switch to
high-purity 1991 0.08 0.16t0-0.14
products
1992 0.07 0.7410-0.28 0.56

* Based on resuits from paired Wilcoxon test for overall test of change in slope
and Kruskal-Wallis test where differences are compared between subgroups.
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Whilst on intermediate purity products CD4 counts in the 37 patients
declined by. on average, 0.06 X 101 per vear (range 0.2] X 10%
decline 10 0.01 X 10°1 increase per vear). [n these same patients, after
switching to high purity products CD+4 counts fell by 0.02 X 10°1 per
vear (range 0.28 X 10%/ decline to 0.75 X 10/ increase per year). The
change in the rate of CD4+ decline before and after the switch to high
purity products was significant (p = 0.01. paired Wilcoxon test). CD4+
counts fell, on average, by 0.04 X 10°11 less per year after the introduc-
tion of high purity products than before (range 0.74 X 10/ less to
0.28 X 10°1 more per year).

Table 1 shows the change in the rate of CDd+ decline after the
switch to high purity products in relation to other cofactors: CD4 count
at time of switch, age at time of switch. the total amount of high purity
product received. zidovudine usage and the calendar vear of change of
treatment. The p-values show no signiticant association between change
in the rate of CD4+ decline and any of these parameters.

A further 24 patients had more than three CD4 counts prior to the
introduction of high purity products. but had fewer than three after the
introduction (see Fig. 1). By excluding these patients from the analysis
a bias might have been introduced because there is the possibility that
patients with more rapidly declining CD4 counts have been preferen-
tially left out from the investigation. However. rates of decline whilst
receiving intermediate purity products in the 24 patients excluded were
similar to those in the 37 patients included (median rate of decline
in 24 patients: 0.09 and 0.06 X 10%/ per year respectively. p = 0.1,
Wilcoxon test for differences between the two groups).

The analysis was also repeated using a number of different threshold
levels (from 0.05 to 0.01 X 10%1) and the results remained essentially
unchanged. As expected. the results also remain unchanged when no
threshold is enforced.

Discussion

Our study has shown a significant decrease in the rate of CD4+ de-
cline following a switch from intermediate to high purity monoclonal
product using patients as their own controls. thus reducing the effect of
between-patient variability which is often found in case-control studies.
Furthermore, in univariate models. neither the CD4+ count. nor age at
the introduction of treatment, nor the amount of high purity product re-
~eived nor zidovudine usage either before or after switching to high pu-
a1ty products were found to be associated with the change in rate of
CD4+ decline. Hence the possible confounding effects of these vari-
ables have been eliminated, as far as is possible outside a randomised

; trial setting. A further sirength of our study is that CD4+ counts have
been performed in the same laboratory, subject to rigorous quality
controls since 1982 (15). However, it is important to stress that whilst
in our study high purity products appear to confer a benefit for patients,
the CD4+ counts did not fully stabilise: the rate of decline simply became
less steep. Whilst we have not directly considered the erfect of high
purity products on either clinical endpoints or survival. this reduction in
rate of CD4+ decline wouid be expected to resuit in an improvement in
| patient survival (18. 19).
E We have chosen a CD4+ threshold of 0.03 X 10°11 bevond which
. CD4+ counts have been censored. The reason for this was to remove
 the bias of CD4+ counts “flattening out” at very low levels. an erfect
~ which would only serve to make the change in CD4+ decline after the
introduction of high-purity products even more extreme. The choice of
-0.03 X 10°/1 as the threshold was arbitrary. By enforcing this threshold
we may have removed some patients from the analysis whose CD4+
counts were declining very rapidly and fell to below 0.03 X 10°/1in less
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than three measurements. Nevertheless, the rates of CD4+ decline pior
to the introduction of high purity concentrates in the 24 patients without
three CD4+ counts above the threshold after the switch, whildst slight-
ly more rapid. were not significantly faster. CD4+ counts prior to the in-
troduction of high purity products in these patients were low (median
0.04 X 10°71. 10/12 of the patient’s counts <0.1 X 10°1), indicating that
high punity was introduced at a late stage. If a higher threshold were
chosen a greater number of patients would have been excluded from the
znalysis. An alternative approach would be 1o model the CD4+ decline
in a non-linear way to take account of the “flattening out” effect. How-
ever, as there is little evidence to support the choice of such a transfor-
mation and the pattern of CD4+ decline seems approximately linear un-
til the CD4 count falls to a very low level (15). this transformation
would not be an appropriate model of CD4+ decline.

The beneticial effect of high purity monoclonal product is presum-
ably due to the “removal” of alloantigens and other immunomodulatory
components that are present in intermediate purity products. In HIV un-
infected haemophiliacs these effects are probably of little or no clinical
significance (2). Thus all HIV-negative haemophilic boys treated with
intermediate purity product maintained consistently normai CD4+
counts (20). However, in HIV infected haemophiliacs the abnormalities
of cellular and humoral immunity induced by residual components
present in less pure clotting factor concentrates may act as a cofactor for
CD4+ decline. Such components could include transforming growth
factor-B (TGF-B) which is present in intermediate purity concentrates
(21) and has been shown to activate HIV in vitro (22). Exclusion of
TGF-B from concentrates by monoclonal technology wouid reduce
HIV activation and further CD4+ decline.

These results pose obvious questions about the rate of progression of
HIV disease in haemophilic patients compared to the rate in other risk
groups. A recent comparative study has shown progression to HIV
disease is faster in homosexuals, followed by haemophiliacs and intra-
venous drug users (23). There have been many differences between these
risk groups such as differing common AIDS-defining conditions, the
prevalence and effect of hepatitis C virus infection, other sexually
transmitted diseases. intravenous drug use and different age distributi-
on. It is inevitable that each risk group has exposure to many and
differing antigenic chalienges which influence the rate of progression.

Although longer follow-up is required to confirm the beneficial ef-
fects of monoclonal high-purity factor VIII concentrate, given the
strong association between the CD4+ count and survivai (19) it is
possible that such treatment could confer a survival benefit for HIV
infected haemophilic patients.
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SUMMARY

The effect of prior infection with evtomegalovirus (('MV') on progression of HIV
disease in a cohort of 111 men with haemophilia was studied after 13 vears follow-
up. The relative hazards associated with CMV positivity on progression to AIDS.
death and a (D4 count of 0-:05 x 10°/] were 2-28. 2:42 and 2-34. respectively. CMV
seropositive patients were significantly older than the seronegative and this was
controlled for by using a Cox proportional hazards model. The relative hazards for
the three endpoints decreased to 1-89. 1-82 and [-93 respectively and were
marginally non-significant (P = 005. 0-08 and 0-08 for the three endpoints
respectively). We conclude that this cohort continues to show evidence of a " co-
factor " effect associated with prior infection with CMV which is confounded by age
but not completely explained by age differences. The potential biological
significance of these results is discussed in the context of recent controlled clinical
trials which show a survival benetit from long-term high-dose acvelovir. a drug
with activity /n vire against CMV and other herpesviruses.

INTRODUCTION

Although the human immunodeticiency virus (HIV) is the known cause of the
acquired immune deficiency syvndrome (AIDS). the incubation period from
infection with HIV to the development ot AIDS is long and variable [{—¢{. This
wide variation in the incubation period is far greater than that found for most
other acute viral diseases. suggesting that other factors may contribute to disease
progression. Among these. intectious agents. termed co-tactors. could interact
with HIV and increase its pathogenicity.

Different viruses could interact with HIV by a variety of mechanisms |3]. For
example. some viruses. including herpes simplex virus (HSV), cvtomegalovirus
(CMV). hepatitis B virus and Epstein—Barr virus have all been shown to
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transactivate HIV Ju ritro [6-9]. However. there are onlv a few studies which
assess the relative importance ot these viral co-factors in rivo. [t is well
documented that older individuals experience more rapid progression of HIV
disease than vounger individuals. perhaps due to a more rapidly declining immune
=vstem in older individuals [{0-12]. As the prevalence of antibodies to HSV and
('MV increases with age [ 13]. anv assessment of the potential effect of these viruses
on progression ot HIV disease must take account of the possible confounding effect
of age.

We have chosen to studv whether ('MV could act as a co-factor for HIV disease
in a cohort ot men with haemophilia in whom the prevalence of CMV infection is
60 %. similar to that seen in voung blood donors and attenders at antenatal clinies
[14]. We have previously reported that in this cohort prior ('MlV infection is
associated with more rapid progression to AIDS [15] but this has not been
confirmed by others [16-19]. Here we extend follow-up to 13 vears to assess
whether this association remains atter adjustment for age differences. Fur-
thermore. sufficient follow-up is now available on the patients to analvse both
survival and immune depletion as endpoints.

MATERIALS AND METHODS

Patients and their clinical management

A total of 111 men with haemophilia registered at the Roval Free Hospital
Haemophilia Centre. London. became infected with HIV between 1979 and 1985
following treatment with unsterilized blood clotting factor concentrates [20, 21].
All patients are seen at the Centre approximately every 3-6 months when they
undergo a clinical and laboratory review. Serum samples are regularly taken and
stored at — 20 °C. It has been possible retrospectively to test these serum samples
for HIV seropositivity and hence dates of seroconversion have been estimated for
all patients [20].

Zidovudine has been available for individuals with AIDS and AIDS-related
complex (ARC') since 1987. and from October 1988 it has been available as part of
the MR(C/Agence Nationale de Recherches sur le SIDA (ANRS) Concorde trial of
early versus deferred zidovudine. Secondary prophvlaxis for Preumocystis carinii
pneumonia (PCP) with pentamidine or co-trimoxazole has been available since
March 1988. and primary prophylaxis since February 1989. Secondary prophylaxis
for candidiasis with Hluconazole has been available since March 1988 and primary
prophyvlaxis since April 1990, All patients are advised to start zidovudine and
primary prophylaxis once their (D4 count is < 0-2 x 10°/1. Patients developing
either PCP or candidiasis are otfered secondary prophylaxis regardless of their
(‘D4 count. To date 51 patients have received zidovudine. 35 PCP prophylaxis (26
primary. 9 secondarv) and 39 prophyvlaxis for candidiasis (13 primaryv. 26
secondary). (‘urrently. whilst acvelovir mayv be given to patients experiencing
herpes zoster repeatedly. it is not routinely prescribed for patients in the cohort.

Laboratory methods
Between 1982 and 1986 absolute (‘D4 counts were calculated from the
Ivmphocevte count and (‘D4 percent values [20]. A whole blood lyvsis method has
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l)eeti u.sed since 1!)8H. ana rhe percentas®e ot'('D4 lymphocytes analysed hy How
rvrometry. usina a FACScan iBecton Dickinson. (‘rawley. LKi [-3]. A monoclonal
( 14 antibody (RFT4) to me p66 CD4 antigen was used with a monoclonal CD3
antibody (FCHTI) as described previously |22]. More recently absolute CD4
counts have been directlv obtained on an ORTHO Cytoron-Absolute (ORTHO
Diagnostics. High Wycombe. ITv). (Juality control of How cytometry was
monitored as part of the FK National External Quality Assurance Scheme. We
have compared CD4 counts in these patients from before and after the change in
methods in 1986 and have seen no consistent difference. Antibodies to CMV were
measured on early stored >erum samples by radioimmunoassay as described
elsewhere j23].

Stati.stiral niethods

Comparisons of patients with and without antibody to CMV were done using
standard non-parametric methods iMann-W hitney C test [24]). Analyses which
assessed the effect of CM\' on HIV disease progression were performed using
standard survival methods. Plots of survival from seroconversion to endpoints of
AIDS and death were estimated using Kaplan-Meier methods [25] and the
univariate effect of (CMV .status on these were tested for signiHcance using the log-
rank test. Cox proportional hazards models [26] were used to assess the
independent effect of CM\’ status on disease progression after adjusting for the
patient's age and CD4 count in multivariate models using the procedure 'PROC
PHRECC in the Statistical Analysis System (SAS) package [27]. For this analysis,
progression to an endpoint of a CD4 count of 0-65 x BP/I was also used. The low
<D4 count of 0-05 x 1(P Hwas chosen as an endpoint due to the rapidly increasing
risk of death once the CD4 count has fallen to this level [28]. The approximate date
on which the CD4 count fell to (*05 x UP/1 was estimated by linear interpolation.
When studying progression to AIDS or a low CD4 count, patient follow-up was
right-censored at death or at the cut-off date for the analysis (31 December 1992).
if the patient had not developed AIDS or reached a low CD4 count by that time.
When studying progression to death, patient follow-up was right-censored at
December 1992 if still alive on that date. CMV status and age at seroconversion
were considered to remain rixed throughout follow-up. and the patient's CD4
i-ount was modelled as a time-dependent covariate. In order to assess the validity
t)f the proportional hazards assumption, an interaction term between the
logarithm of time and CM\' status was added to the model and tested for
signiHcance.

In order to estimate the potential effect of (*MV positivity on death at certain
CD4 levels, the dates on which the CD4 count was estimated to fall below certain
levels (d'2. U3. 94. 95. 06 x 19CH) were calculated using linear interpolation.
Survival methods were used to assess the prognosis associated with CMV
seropositivity. after aiiiustment for patient age at each CD4 baseline date.

In the CK. prophylaxis for PCP and candidiasis and antiretroviral therapy
(zidovudine) for patients without AIDS became available from 1987 onwards. The
direct modelling in this cohort of treatment effeets is limited as few data are
available on miiividuai treatment usage in the cohort. Further, most treatment is
instigated once the Cl)4 count falls below 9 2 x 194/1. resulting in treatment effects
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'Fable 1. ( {(tillijdrisoii ot ('M\'-imsitil'f und ('MV-iieijdtii'e pdtiejKti in ihe ruhort

Patient cliaracteristics ('MV-i)ositive <MV-neuativp
Nnrnher ot patients o) 00
Date ot seroconversion-' Median Mav PJIS2 April I!)52
Paiiite Oct I!)79-.\Iar 1iSo Nov I!)7!)-.Iiii liKsSo
Aire at >eroconversion iyearsit Median 26 (i KS'7
Ranee 4\-0'775 _‘-I-75P()
Number deveiopine AIDS ol) (60-X"-;,) 142S-I)‘M.)
Number ot deatiis ol) (6d X'%,) 12241)'%,)
A [-*-value = 1177,
4 value = 1)i):l.

which ate cotifounded with those of the ('D4 count. l'onsec|uently. in otder to
assess whether these results were independent of the treatment, all analyses were
repeated with the inclusion of an additional covariate to represent simply the
availability of pre-AIDS prophylaxis and antiretroviral therapies. 'Fhis was
included in the model as a time-dependent covariate takina: the value of zero
before November 1187 and one after. This then allows for the fact that patients
who have survived at least to November 1987 have the added survival advantage
of any therapy available to them, whether or not they actually receive it.

RESULTS

Antibodies to (‘M \’ were measured on early blood samples from patients in the
cohort. 59/109 (64"oi were found to have antibody to UMV. CMV status is
unknown for two patients. A comparison of the patients known to be seropositive
and seronegative for CMV is shown in Table 1. CMV positive patients were older
at seroconversion to HIM but in general they did not seroconvert any earlier or
later than those who were CM\' negative.

By the end of 1992. a total of 44 of the patients had developed AIDS and 42 had
died, with Kaplan-Meier progression rates of 47-1 and 48-3% by 13 years,
respectively. CD4 counts had fallen below 005 x 10"/l on at least one occasion in
35 patients, a progression rate of 433 by 13 years after seroconversion.
Unadjusted for age. CMV status was significantly associated with a faster
progression to AIDS [P = i)009. log-rank test) and to death {P = D-008. log-rank
test |. Progression rates to AIDS and death, stratified by CM\’ status are shown in
Figs 1and 2. 'Fhe effect of CMV status on progression to AIDS and death remains
apparent, although reduced slightly, in both older and younger individuals.

Cox proportional hazards models were used to (piantitate the effects of ('MV
seropositivity on the hazards of developing AIDS, of dying or of reaching a low
CD4 count, after adjusting for age at HIV seroconversion (Table 2). Using this
approach, before adjusting for age. patients known to be ('MV positive were over
twice as likely to develop AIDS, die or reach a low CD4 count as those known to
be CM\’ negative. After adjusting for the patient's age at seroconversion, the effect
of ("M\' positivity on progression to all three end points decreased slightly and
became inargmallv non-significant (U = D-D6. 0-08 and 9-08 for progression to
AIDS, death and a CD4 count <i)-();>x I(P/l respectively). In order to assess
whether the effect of CM\' status acts through the CD4 count, the relative hazards
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Table 2. Relative hazards (and 93 % confidence intervals) of progression to AIDS.
death or a CD4 count of 0:05 x 10° /1 associated with CMV positivity wnadjusted for
other factors. und with (M1 positivity after ndjustment for patients’ uge at
seroconversion and most recent (D4 count

Progression to

N

AIDS Death (‘D4 005 x 10%/1
Unadjusted 2:28 2-42 234
(1-20—431) (1-24—4-73) (1-14-4-79)
Adjusted for age 1-89 1-82 193
(0-99-3-60) (0-93-3-58) (0-93—401)
Adjusted for age and CD4 count* 217 173 —
(1-13—416) (0-88-3-39) —

* Progression to CD4 count of 0-05 x 10*/1 is not adjusted for most recent (D4 count.

Table 3. Relative hazards (and 95 % confidence intervals) of death associated with
CMV status. Baseline dates are defined as the date on which the CD4 count first fell
below certain levels. Relative hazards for CMV status are adjusted for age at
baseline

Baseline
CD4 count No. of No. of

(x10°%/1) patients events Relative hazard 95% CI
02 60 30 1:79 0-80—4-04 -
03 66 26 2-83 1-12-7-14
04 69 23 2-40 0-92-6-27
05 39 21 271 0-95-7-77
06 54 19 1-74 0-61—4-92

of developing AIDS and dying associated with CMYV status are also shown in Table
2 after adjustment for the patients’ most recent CD4 count. updated as a time-
dependent covariate. After this additional adjustment the effect of CMV on
survival was further reduced. whilst the effect of CMV on progression to AIDS
returned towards its original value and attained statistical significance. Because
of its obvious relationship with the most recent ('D4 count. the relative hazard
associated with CMV positivity on progression to a CD4 count of 0-05 x 10?/l was
not adjusted for the patients’ (‘D4 counts during follow up.

The addition of an interaction term between UMV status and log(time) to the
model did not significantly improve the tit of the model (P = 0-71), suggesting that
the proportional hazards assumption was reasonable.

Examination of the Kaplan—Meier plots suggested that the C'MV effect may be
smaller in vounger patients than in older patients. However. the addition of an
interaction term between ('MV status and age was not signiticant for any of the
three endpoints (P = (-85. (-7 and (88 for progression to AIDS. death and a CD4
count ot 0-03 x 10%/1 respectively).

In order to assess whether the hazard of death associated with CMV
seropositivity was dependent on the (D4 count of the patient. the proportional
hazards model was titted with baseline dates detined as the tirst time a patients
(D4 count tell to a certain level (0-2. 0-3. 0-4. 0-3. 0-6 x 10°/]). Results trom this
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analyvsis are shown in Table 3 and indicate that the size of effect of CMV status
remains reasonably constant. after adjustment for age at CD4 baseline at all CD4
baselines.

The analyses were repeated with the addition of a term representing the
availability of pre-AIDS prophvlaxis and antiretroviral therapies. With the
inclusion of this term the resuits were essentially unchanged.

DISCUSSION

The results presented here show that there is an association between CMV
seropositivity and HIV disease progression measured by the time to AIDS. and
also time to a low ('D4 count and time to death. Whilst some of these effects may
be explained by differences in age at seroconversion in the two groups, there
remains a residual effect of CMV status on progression to AIDS which is
unexplained by adjustment for this factor. We will discuss our findings and those
of others for each of the three endpoints assessed.

Time to AIDS

For the time to AIDS we find an effect of CMV status (relative hazard 2-28)
which is somewhat lower (relative hazard 3-2) than we reported in 1989 [15]. After
controlling for age the relative hazard has also declined from 25 to 1:9. The results
depicted in Figs 1 and 2 show that CMV seropositive patients progress to AIDS
more rapidly than seronegative patients. even when considering younger and older
individuals separately. After adjustment for patient age in the Cox proportional
hazard model. the relative hazard fails to reach the conventional 5% level of
significance (Table 2). However. the fact that the lower limit of the confidence
interval is only marginaily below | suggests that strict adherence to this
convention is not sensible: a slight change in either the length of follow-up or an
extra AIDS case could esilv lead to a relative hazard which was the same but
statistically significant. We conclude that prior CMV infection approximately
doubles the risk of progression to AIDS. Comparisons of the Kaplan—Meier plots
within the two age groups with those generated from all patients show that age
differences do not completely explain the CMV effect. Unfortunately we do not
have information on when patients seroconverted to CMV. There is a suggestion
that the CMV effect is smaller in vounger individuals than in older individuals. If
any effect of CMV status on progression of HIV disease exists. then those who
have been infected with CMV for longest and who are also likely to be those who
were older at HIV seroconversion. mayv experience the greatest effect of CMV on
the progression of their disease. However. there is no evidence of an interaction
between age and C'MV status. This suggests that this is unlikely to be the case so
that the differences which are apparent from the Kaplan—»Meier plots are more
likely to be the result of random variation due to the small numbers of individuals
who are vounger and who have antibody to (MV. Two of the AIDS-defining
conditions. MV retinitis and other ('MV disease. are ('MV -related [29] and so this
might be one possible explanation tor our tindings. However. in our cohort only
one patient developed either of these two conditions as his initial AIDS-defining
condition. showing that this relationship cannot expain our results.
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A number of other studies have reported tindings on the potential effect of MV
positivity on HIV disease progression. Three studies [16-18] tound no statistically
significant etfect of C'MV on progression to syvmptomatic HIV intection or AIDS.
However. these studies had flaws either in design or conduct |30]. Results trom a
recent study from the United States of men with haemophilia with known dates
of HIV seroconversion [19] did not find a significantly raised risk of AIDS
associated with CMV seropositivity after adjustment for age, and offered the
strongest evidence against the hypothesis that CMV status is associated with rapid
disease progression. The patients included in that study were of a similar age range
to those in our studyv and the proportion who were CMV positive was also similar.
Serum samples were tested for C'MV antibody under code in London using the
same radioimmunoassay. thus removing the effect of laboratory differences.
Because both studies are carried out in haemophilic patients. the etfects of other
possible co-factors (e.g. gender. HIV exposure category. intravenous drug use.
etc.) on progression rates hetween the two studies are unlikelv to explain these
differences. However. it mayv be possible that differences in covariates other than
those currentlv known to be associated with progression of HIV disease could
explain the contrasting results. and we are continuing to collaborate with the USA
investigators to studyv this with the aim of identifving other previously
unrecognized factors which mayv explain the differences. These may include
differences in patient selection methods or in the background prevalence rates of
antibodies to other viruses in the patient populations.

-

Survival

Sufficient follow-up has now occurred in our cohort to allow an analysis of
survival which shows a raised risk of death associated with CMV seropositivity.
The association of (MV =status with death is not attributable to clinically
recognized CMV disease. Thus there is no evidence that CMV is causing
opportunistic disease and we have argued elsewhere that this supports the concept
of CMV as a “co-factor . increasing the burden of disease without declaring itself
clinically {3]. This conceprt is supported by autopsy findings that ('MV is present
in at least one tissue in 66 °% of AIDS patients [31].

[t is interesting to speculate on the clinical effects of anti-CMV therapy
administered to AIDN patients. Recently. two controlled trials used acvelovir in
homosexual men with advanced HIV disease [32.33]. In both trials an
approximately 40% reduction in the number of deaths was seen in patients
receiving acyclovir compared to those in the control group. As acyclovir is known
to inhibit the DN A polvmerase enzyvme of several herpesviruses. such a virus could
be involved in the pathogenesis of death in AIDS patients. CMV is a strong
candidate in this setting because CMV has been found by cell culture in the
majority of AIDS patients coming to autopsy [31] and because controlled trials in
transplant patients have shown that high-dose acyvelovir can decrease MV
replication and disease |34-36]. All patients in these trials were CMV positive and
had low ('D4 counts. Results trom Table 3 suggest that at low (‘D4 counts a
relative hazard value < 2 associated with death is reasonable and consistent with
the approximate halving ot the death rate in these two trials. which again suggests
that the inhibition ot CMV replication is a plausible reason for the reduced
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mortality seen. ['urther studies of quantitative (' MV virology during such trials
will be required to determine if suppression of CMV. and/or other herpesviruses.
correlates with improved survival. This work is in progress under the auspices of
the AIDS Clinical Trials Group.

Low C'D4 count

The hvpothesis that the ("MV effect might be mediated through loss of CD4 cells
was investigated. The results presented here suggest that CMV status has a
significant effect on the rate of ('D4 decline. as shown by a faster progression to
a (D4 count of 0-05 x 10°/1 in CMYV seropositive individuals than in seronegative.
It has previously been shown that there is an effect of age on progression to AIDS
which is not completely explained by more rapidly declining ('D4 counts [12].
Certainly. the effects ot CMV. age and CD4 count do not act totally independently
of each other. However. results from Table 2 suggest that whilst CMV positives do
indeed progress to a (D4 count of 0-05 x 10°/] more rapidly than CMV negatives.
largely independently of their age at seroconversion. this rapid drop in CD4 cells
does not fully explain the CMV effect on progression to AIDS. Further functional
studies of activated (D8 + T lymphocytes are required to answer these questions.

In summary. our results show a continued association between CMV and
progression of HIV disease which cannot entirely be explained by age. These
results have implications for both our understanding of the pathogenesis of HIV
and for therapy. which are being actively pursued in clinical trials of anti-herpes
drugs. .
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Use of CD4 lymphocyte count to predict long term survival free of

AIDS after HIV infection
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Abstract

Objective—To estimate the probability of
remaining free of AIDS for up to 25 years after
infection with HIV by extrapolation of changes in
CD4 lymphocyte count.

Design— Cohort study of subjects followed from
time of HIV seroconversion until 1 January 1993.
Creation of model by using extrapolated linear
regression slopes of CD4 count to predict develop-
mentofAIDS after 1993.

Setting—Regional haemophilia centre in teach-
ing hospital.

Subjects— 111 men with haemophilia infected with
HIV during 1979-85. Median length of follow up
101 years, median number of CD4 counts 17. The
model was not fitted for three men because only one
CD4 measurementwas available.

Main outcome measures—DevelopmentofAIDS.

Interventions—From 1989 prophylaxis against
Candida and Pneumocystis earinii pneumonia
and antiretroviral drugs when CD4 count fell below
200x10*/1.

Results—44 men developed AIDS up to 1January
1993. When AIDS was defined as a CD4 count
of 50xI0‘A the model predicted that 25% (95%
confidence interval 16% to 34%) would survive for
20 years after seroconversion and 18% (11% to 25%)
for 25 years. Changing the CD4 countatwhich AIDS
was assumed to occur did not alter the results.
Younger patients had a higher chance of 20 year
survival than older patients (32% (12% to 52%) for
those aged <15, 26% (14% to 38%) for those aged
15-29, and 15% (0% to 31%) for those aged * 30).

Concl/ujiorts—These results suggest that
with currently available treatment up to a quarter
of patients with HTV infection will survive for
20 vears after seroconversion without developing
.AIDS.

even

Introduction

Current knowledge of the natural course of infection
with the HIV type 1is limited by the length of follow
up studies. The longest running studies have followed
infected subjects for a maximum of around 14 years
smce seroconversion, although few studies have
followed many patients beyond 10 years."" Depending
on the age of the groups studied current estimates
suggest that between 25% and 60% of people do not
develop AIDS over this period.'" Since AIDS tends to
develop only after patients’ CD4 lymphocyte counts
have reached low levels'-"" useful projections can now
be made of its long term course. These provide a
background against which to make decisions con-
cerning early intervention with antiretroviral drugs. In
this paper, we update analyses done four years ago-"
and use serial CD4 lymphocyte counts measured in a
cohort of 111 haemophilic men followed for up to
13 years from seroconversion to estimate the probability
of not developing AIDS for up to 25 years after
seroconversion.

|(hmsxrdamto:
|Dﬂﬁ5 Patients and methods
The cohort which has been described.'" consisted
JiIMTWA109-309. n of 111 haemophilic men infected with HIV who
VOLUME 309 30 fULY 1994

were under the care of our haemophilia centre and
haemostasis unit. All except two patients had received
unheated factor VIII concentrates; one had been
treated with unheated factor IX concentrate and the
other with cryoprecipitate.

The dates of the last negative and first positive HIV
antibody test results were available for 63 patients. The
date of HIV seroconversion was estimated as the
midpoint between these two dates (median difference
between the dates 11 months; 10th centile 41 days,
90th centile 215 months; range 15 days-24 months).
The earliest seroconversion was estimated as October
1979 (difference between dates of last negative and first
positive result=seven days) and the latest July 1985
(difference between dates of last negative and first
positive result=10 1 months). These dates roughly
agree with data from other sources on the period in
which contaminated blood products were infused."
Patients’ estimated dates of seroconversion showed
a roughly uniform distribution.” For 36 of the
48 patients in whom no negative HIV test result was
available, the date of seroconversion was estimated as
the midpoint between October 1979 (the presumed
first possible date of infection) and the date of the
first HIV test (median difference 44 months; 10th
centile 5 5 months, 90th centile 64 3 months; range
1-5-67 months). This approach minimises the
maximum error in seroconversion date. For the
remaining 12 patients the first positive HIV test result
was after the presumed last possible date of infection
(July 1985), and the date of seroconversion was
estimated as the midpoint between October 1979
and July 1985—that is, September 1982 (difference
68 months).

We analysed information on patients up to 1January
1993. The median length of follow up from sero-
conversion to this date was 10-1 years. A seriesofCD4
lymphocyte counts was recorded for each patient.”
The median number of counts was 17 (range 1to 50).
Five or more counts were available for 90% of patients.
The median age at seroconversion was 24 years (range
2 to 77). AIDS was defined according to the 1987
Centers for Disease Control definition.-

Zidovudine has been used to treat AIDS and people
with Centers for Disease Control group IV disease
since August 1987. The current protocol for treating
asymptomatic patients is to start antiretroviral therapy
with zidovudine and primary prophylaxis with
pentamidine or co-trimoxazole and fluconazole at a
CD4 lymphocyte count of 200x10*71. Treatment of
asymptomatic patients began in November 1988, when
25 pauents were recruited into the Medical Research
Council and Agence Nationale de Recherches sur
le SIDA Concorde
zidovudine.-’ Thirteen
known to have been treated with zidovudine
trial. Forty four patients have been openly treated with
zidovudine (some of whom were formerly in the
Concorde trial), 40 with prophylaxis against Pneumo-
cystis cannii pneumonia, and 36 with prophylactic
fluconazole. Since 1989 patients have also been given
monoclonal high punty factor V11l concentrate instead
of intermediate purity product when the CD4 count
fell below 200xI0"/I. After 1991 all patients were
switched to this product, which may slow the fall in
CD4 countin HIV infected men with haemophilia.-*”

trial of early versus deferred
of these patients are now

in the
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TAEl- Companson of
siservedand modelled dau of
litvtiopmentofA ID S

Modelled
daeof AIDS

Before 1993
IW3 Onwards

Total

AIDSbv
1January 1993

Yes N'o Total

36 10 40
5 57 02

41 67 108

STATISTICAL METHODS

Te ntted linear resression slopes througn CD4
/ rnpnoc\Te counts on time tor each patient using
least squares. We also used square root and square
rransrormations tor the CD4 count. The square root
rransrormation is consistent with the rate of CD4 cell
loss decreasing with time, while the square transforma-
tion IS consistent with a more rapid loss with time.
Since the average CD4 count at the development of
.m\IDS has been found to be close to 4a0xIOVI, the
"modelled" date to develop AIDS was the time at
which the negatively sloped regression line
crossed 50x IOVI (square root of 50 and square of 50
when using these transformations) on the y axis (see ng
1). When the slope was positive it was assumed the
patient would not develop AIDS within 25 years tfom

linear

seroconversion. This was also assumed for patients in
whom the slope of the linear regression line was zero
(that 1s, a horizontal line) unless their CD4 count was
less than 50x IOVI, in which case the modelled date of
.m\IDS was the date of the nrst CD4 count. For four
patients only one CD4 count had been measured.
These patients were excluded unless the count was
below 50x IOVI (one patient), in which case the date of
this count was the modelled date of AIDS. We also did
analyses using 30x IOVI and 80x I0'/I as the count at
which AIDS occurs and anotherin which the count for
.AIDS was taken as 80x10'/l before rouune prophylaxis
and antiviral therapy was started (November 1988) and
50x 101 thereafter. This last analysis was also done
with counts of 50x10'/) and 30x10*/! instead of 80x
101 and 50x I0'/I. This analysis was done because
.AIDS may occur at lower CD4 counts in those given
prophylaxis and antiviral therapies. We also allowed
patients' CD4 count at the time AIDS developed to
be determined by sampling from the following proba-
bility distribution: 100x 10'/1=5%, 75xI0'1=25%,
50x 10'/1=30%, 25x 10'/1=25%, Ox 10'/1= 15%.

Kaplan-Meier estimates of the probability of
remaining free of AIDS up to 25 years after sero-
conversion were made as follows. For those in whom
AIDS had developed by 1 January 1993 the survival
time free of AIDS was taken as the observed time to
.AAIDS. For those who did not have AIDS on 1January
1993 (median of 20 CD4 counts per subject over a
median of nine years) the time to AIDS was taken as
the time to the modelled date of .AIDS. Follow up
was censored in seven who died before AIDS was
diagnosed. Weibull and Gamma distributions-' were
fined to the observed survival times free of AIDS (by
using the program proc ufereg in sas) to compare the
proiected survival rates with those obtained by our
CD4 count modelling.

Results

Figure 1gives the CD4 lymphocyte counts for one
patient together with the linear regression slope to
show how the modelled date of AIDS was obtained.
When this was done for all patients, regardless of
whether they actually have developed AIDS, the
timing of the modelled dates of .AIDS corresponded
well with the actual dates (table 1). Forty one of the
108 patients included in the modelling had developed
AAIDS by 1 January 1993. The modelled date was
before the actual date of development for 36 (sensitivity
88% (36/41)). The modelled date of .AIDS was after
1January 1993 for 57 of the 67 patients who had not
developed .AIDS by this date tspécificité' 85%). O f the
36 panents who developed .AIDS before | January 1993
as the model had predicted. 33 had a modelled date of
.AIDS within three years ofthe actual date and 29 had a
modelled date within two vears of the actual date.

Results were similar when the square root of the
CD4 count was assumed to fall linearlv over time

2 900
600
oS, 400 “Modelled"
date OF AIDS
200
50
0
0 2 4 6 8 10 12 14 16 18 20 22 24

Years from seroconversion

FTG 1— Serial CD4 hmphocvte counts tor an H IV infected man vjith
haemophilia. The modelled time of AID S is the time at which the iinear
recession slope reaches a C D 4 lymphocyte countof50x1 O/l

(sensitivity 83%, specificity 88%). The model that used
the square ofthe CD4 count, however, did not provide
such good agreement (sensitivity 88%, specificity
63%). The results were not greatly affected by changing
the CD4 count of AIDS from 50x 10"l to 30x 10"l
(sensitivity 83%, specificity 88%) or 80x 10"/l (sensi-
tivity 90%, specificity 81%). The results were also
unaffected by using the CD4 count at AIDS sampled
from the probability distribution rather than a fixed
value for all subjects. The models in which a higher
CD4 count was used to define AIDS before November
1988 (when prophylaxis was started) also did not
greatly improve fit (sensitivity 90%, specificity 76% for
model with 80x IO'/l and 50x IO'/l; sensitivity 90%,
specificity 84% for model 50x I0'/I and 30x IO'/l). The
results were essentially the same when patients with
fewer than five CD4 coimts were excluded (sensitivity
88%, specificity 87%) or when those aged below 15
at seroconversion were excluded (sensitivity 91%,
specificity 84%).

Figure 2 shows the observed probability of surviving
free of AIDS up to 13 years from seroconversion. This
is based on the development of AIDS not on predicted

1
0 Age <15 (n=23)
80-
0
< 60-
P Age *30 (n=30)
o
i 40-
X Age 15-29
(n=58)
20-
0O I 2 3 4 5 6 7 8 9 10 Il 12 13 14
Years from seroconversion
FIG 2— Kaplan-Meier of the per ge of pati surviving

free of AIDS by years from seroconversion according to age at
seroconversion. Estimates are based on actual times of occurrence of
AIDS

development from the CD4 count model. Eleven year
.AIDS free survival rates were 74% (95% confidence
interval 55% to 93%) for patients aged < 15,57% (43%
to 71% ) forthose aged 15-29, and 46% (27% to 65%) for
those aged *30 (P=0-002, log rank test). Figure 3
shows the Kaplan-Meier curves based on the modelled
date of AIDS in those free of AIDS on 1January 1993.
The probability of remaining free of AIDS 20 years
after seroconversion was 32% (12% to 52%) in those
aged <15 at seroconversion, 26% (14% to 38%) in
those aged 15-29, and 15% (0% to 31%) in those aged
>30 (table Il). Over all age groups together the
predicted percentage remaining free of AIDS for
20 years was 25% (16% to 34%). In all three age groups
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TABLE Il— Pmentaee iikeiihooa orsurvival tree orAID S for 20 vears aner seroconversion ror different oreaiction models

*.IDS derined as CD4 count 50 x 1071

No Square root Square Patients with Patients with Patients with AIDS AIDS
A?e group ;ransrormation transtormation iranstormation - 5CD4 counts < 10 CD4 counts < 1CD4 count/year Qenned as detined as
,years 1 ot CD4 count ot CD4 count ot CD4 count 30x10-/1 SOX 10-/1
<15 32 45 9 32 26 29 32 27
13-29 26 39 16 25 27 27 26 25
$30 15 26 12 7 8 7 15 16
100 Although the projections up to 25 years from sero-
conversion are more speculative, they suggest that
30- 15-20% of infected people will not develop AIDS by
N this time.
"<J 60- Age <15 These estimates for long term survival free of AIDS
e} are based on a cohort of men most of whom attend
) regularly for care and since 1989 have been offered
iz 40 prophylaxis against P canmi pneumonia and Candida
and antiviral drugs, particularly zidovudine, when
20- their CD4 Ilymphocyte count reaches 200x IOVI.
15-29 It seems reasonable to assume that those patients
in whom AIDS developed before 1989 (that is, at
0 5 0 15 2 25 most within 10 years of seroconversion) would have
Years from seroconversion developed AIDS within 20 years after seroconversion
FIG 3— Kaplan-Meier of the p, or surviving  gven if they had received these therapies. The long

free of AIDS by yean from seroconvenwn according to age at
seroconversion. For those patients alive and free of AIDS on
1January 1993, the modelled date ofAID S teas used

there was a 15-20% probability of remaining free of
AIDS 25 years after seroconversion (over all age groups
18%; 11% to 25%), although the projections are less
certain than for 20 years. Table Il shows the effects of
varying the model for estimating survival.

To give further detail on the 25 patients whom the
model suggests will remam free of AIDS 20 years after
seroconversion figure 4 shows the geometric mean
CD4 lymphocyte count by years from seroconversion.
Two of these men received zidovudine openly and
a further three received zidovudine as part of the
Concorde trial. The slow average rate of loss of CD4
lymphocytes is clearly seen. Twenty year survival free
of AIDS seems highly plausible for these men.

Although clinical AIDS is unlikely to develop at
200X 10"/l we also used this value in our model as this is
the new detinition of the Centers for Disease Control
AIDS surveillance.-' The resulting estimates of 20 and
25 year survival free of AIDS over all age groups were
18% and 15%, respectively.

Table |l compares estimates of survival free of
AIDS obtained by our methods with those obtained
from htting Weibull and Gamma distributions through
the observed survival nmes for all subjects aged 15 and
over at seroconversion. The Gamma distnbunon
seems to give results much closer to ours than the
W eibull distribution.

TABLE in— Estimated percentages surviving free of AIDS by
yean from i btained by
seroconversion to AID S fit Weibull and Gamma aismbutions and by

that the times from

C D4 count moaeL A Il subjects agea IS or over at seroconversion

Years trom seroconversion

5 10 15 20 25

Weibull (median 115. index 2 03 88 o0 30 1 3
Gamma tmedian 11-8, index 1 33 88 00 38 25 17
CD4 count model 00 51 33 23 10

Discussion

We have used the well recognised ability of the CD4
Kmphocy-te count to predict the development of .AIDS
to assess the long term prospects for survival free of
.AAIDS in patients with HIA' infection. The projections
suggest that there is roughly a25% chance ofremaining
free of .AIDS 20 vears after infection with HI\".
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term survival estimates given in this paper therefore
apply to people receiving treatment when the CD4
count falls below 200x1071. Further advances in
treatment may increase the proportion surviving free
of AIDS for at least 20 years. Our estimates suggest
that use of antiretroviral drugs as soon as H IV infection
is diagnosed may in some patients entail over 20 years
of therapy with drugs of uncertain long term risk to
beneht ratios.*™ "

PREDICTIVE VALUE OF CD4 COLINT

The use ofthe CD4 lymphocyte count to predict the
progression to AIDS has a firm statistical basis. Many
studies have shown the predictive value of the CD4
count in different risk groups and different settings.'- ™
Indeed, the Centers for Disease Control AIDS sur-
veillance definition now classes people with a CD4
count below 200x10‘/l as having AIDS, even if they
have no symptoms.-' Since we wanted to predict the
development of clinical AIDS, however, we chose a
CD4 count of 50x 10"1 as the modelled date of AIDS.
That AIDS occurs on average at about this CD4 count
is well established from analyses of several thousand
AIDS cases.™

The assumption of a linear fall in CD4 lymphocyte
count was more consistent with our data than the
various alternatives we fitted. The suggestion that the
count falls increasingly rapidly over time* was not
supported by our results. This model (linear in the
square of CD4 count) greatly overestimated the number
of AIDS cases developing before 1 January 1993
(61 compared with 41 actually developing in the
108 panents included). Other invesngators who have
modelled the fall in CD4 count in HIV infection have
found that a linear fall in the untransformed, square
root, or logarithmic scales provide the best fit*"*
When we used either of the last two models our
projections of long term survival free of AIDS were

more favourable (data for logarithmic model not
shown).
CD4 Kmphocyte counts tend to fall naturally

from birth
at about age 13." This phenomenon could
in underestimation of the length of time before
.AIDS develops in our linear model and hence under-
estimation of the proportion of children surviving
free of .AIDS for 20-25 years. Nevertheless, the
agreement between actual and modelled date of .AIDS
close even in these young patients (data

in uninfected children before stabilising
result

was still
not shown).
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Clinical impiications

|
|
|
|
|
|
|
|

j ¢ The time of development of AIDS after HIV infection varies widely and
few data exist on long term prognosis

¢ Older people tend to develop AIDS more rapidly after HIV infection

than younger people

| o Predictions from this study suggest that one quarter of people infected
with HIV may remain free of AIDS for 20 years or more

o Patients given antiretroviral drugs as soon as they become infected with
I HIV may therefore require treatment for at least 20 years

2

WIDER APPLICATION

The extent to which these estimates will apply
to non-haemophilic padents is uncerrain. After
differences in age are accounted for, no evidence exists
of greatly different rates of progression to AIDS among
people in different HIV exposure categories (J von
Overbeck et al, IX international conference on AIDS,
Berlin, 1993).2** The higher risk of Kaposi’s sarcoma

in homosexual and bisexual men compared with.;

other exposure groups seems to result in a somewhat
poorer survival free of AIDS in this group.® Never-
theless, the incidence of Kaposi’s sarcoma seems to be
falling,”® and so differences in AIDS rates between
homosexual men and those in other transmission
categories may become smailer.

There is increasing evidence that haemophilic
patients who are coinfected with HIV and hepatitis C
virus are at greater risk of liver failure than those
infected with hepatitis C virus only (M E Eyster et a/,
IX international conference on AIDS, Berlin, 1993).
Furthermore, the development of liver disease may be
reiated to the degree of immunosuppression. In our
cohort four patients without AIDS have died of liver
disease. Thus liver disease may become important in
the long term prognosis of patients infected with HIV
and hepatitis C virus, and survival rates could be lower
in coinfected patients.

VALIDITY OF MODEL

Predicting disease is always uncertain, and the
modelied date of AIDS for an individual patient can
differ substantially from the actual date of AIDS. Our
model is therefore probably not clinically useful for
predicting individual patents’ prognosis. We believe,
however, that our model is sufficiently accurate to
provide useful estimates of the average experience of a
whole group. Although we have given confidence
intervais for our 20 and 25 year projected AIDS-free
survival rates, these do not reflect all sources of
uncertainty in the estimates. In particular, they do not
reflect the uncertainty concerning the validity of the
specified model. This uncertainty can be evaluated
partly by studying the resuits obtained with alternative
models. The results we obtained for long term survival
free of AIDS were lintle affected by plausible changes
in the formulation of the model. Further uncertainty
concerns the accuracy of seroconversion dates. In
almost all subjects, however, the maximum error in
this date was less than two years, and thus, at worst,
our estimates for 20 vear survival free of AIDS would
relate instead to 18 year survival.

Methods for projections of future numbers of AIDS
cases in a country or community rely heavily on
knowledge of the distribution of survival times free of
AIDS, commonly termed the “incubation period.”"*
Since data are available for at most only 13-14 years
from seroconversion, predictions of the shape of the
remainder of the cumulative distribution curve are
usually made by fitting either a Weibull or Gamma
distribution.”* Table III shows that if our projections
are correct the Weibul! distribution underestimates the

proportion surviving without AIDS for 15 years after
seroconversion whereas the Gamma distribution gives
amuch berter fit.

We previously used a similar approach to project the
probability of remaining free of AIDS up to 15 years
from seroconversion.” Thart analysis gave an estimate
of 27% for the whole patient group compared with 36%
in this analysis. The first estimate was based on

-experience before antretroviral therapy or prophylaxis

against P’ carinii pneumonia was given to patients with
a CD4 count below 200x 1041 (November {988) and
before the introduction of high purity .factor VIII
concentrate. This probably largely accounts for the
difference and also gives some indication of the effect
of such treatment policies on survival free of AIDS.

In conclusion, we have used 11 years of CD4
lymphocyte count experience in 111 haemophilic men
to forecast the probability of survival free of AIDS up
to 25 years after infection with HIV. The results
suggest that such proionged survival is likely in about a
quarter of patients.
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Department of Immunology for carrying out T cell subset
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C4B*Q0 allotype as risk factor for
myocardial infarction

Judit Kramer, Kataiin Rajczy, Lajos Hegyji,
Tamas Fiilop, Attila Mohacsi, Zsuzsa Mezei,
Matyas Keltai, George Blasko, Edit Ferenczy,
Nguyen Anh-Tuan, George Fiist

The prevalence of the deficient, silent allotype of the
C4B gene (C4B*Q0) is lower in elderly than in young
healthy people, particularly in men.' This may refiect
increased mortality from some disease in middle aged
carriers of the C4B*Q0 gene. We determined the
presence of the gene in patients with acute myocardial
infarction because myocardial infarcnon is the leading
cause of death among middle aged Hungarians.

Patients, methods, and results

We studied 181 consecutive patients with confirmed
Q wave myocardial infarcnon admitted to four hospital
departments between June 1992 and January 1993 (125
men, 56 women, aged 42-78), 93 consecutive patients
with symptoms of angma pectons (65 men, 28
women; aged 43-62) who were examined by coronary
angiography (coronarography), and 737 previously
tested healthy controls (252 young people aged 22-45
and 485 eWerly people aged 60-99X' Myocardial
infarction was diagnosed as typical chest pain lasting at
least one hour, an ST segment elevation of at least
1 mm m an electrocardiogram, and typical cardiac
enzyme values. We diagnosed inferior and anterior
wall infarction m 103 and 70 patients, respectively; in
eight pauents the localisauon of the infarct was
uncertain.

We took blood samples from the pauents with
myocardial infarction within 24 hours of admission and
sent them immediately to the laboratory
containing EDTA. Plasma samples were stored at
-70°C unul tested. C4 allot\ping was performed
with high voltage electrophoresis, followed by
immunofixauon with human C4 antibodv (Atlantic
-mAntibodies).-' We determined aspartate aminotrans-

in tubes

ferase and alanine aminotransferase values serially with
commercially available kits (.Boehnnger Mannheim.

30 JuLY 1994

in HIV-I Vihidtor. IV9I. Basel: Karger, 1992:
32-45.

32 Schwartlander B, Horsburgh CR, Hamouda 0, Skarabis H, Koch ,MA.
Changes in the spectrum of AIDS-defining conditions and decrease in
CD4-T Ivmphocvte counts at AIDS manifestation m Germans' mom 1986 to
1991.H/D.G 1992:6:413-20.

33 Lundgren JD, Pederson C. Clumeck N, Gatell J.M, Johnson AM, Ledergerber
B. et ai. Survival differences in European panents with AIDS 1979-89. B.VI7
1994:308:1068-73.

34 Hughes ,MD. Stem OS. Gundacker H.M, Valennne FT, Phair IP, Volberdin
PA %'ithi iect in CD4 count in asy
human fici virus  inf i for panent
monitoring. J Infect Du 1994;169:28-36.

35 Galai X, .Munoz A, Chen K, Carey VJ, Chmiel J, Zhou SYJ. Tracking of
markers and onset of disease among HIV-l seroconverten. Stat Med
1993:12:2133-45.

36 De Gruttoia V, Lang X, Dafhi U. .Modelling the progression of HIV-I

luumai of the A i 1991:86:569-77.

37 Bofill M, Janossy G, Lee CA, .MacDonald-Bums D, Phillips AX, Sabin C.
et al. Laboratory control values for CD4 and CD8 T Ivmphocytes—

i forHIV-I Clin Exp 1992:88:243-52.

38 Beral V. Peterman TA, Berkelman RL, Jaffe HW. Kaposi’s sarcoma among
persons with AIDS: a sexually uansmmed infecnonf Lancet 1990:335;
123-8.

39 Repon of a working group. The incidence and prevalence of AIDS and other
severe HIV disease in England and Wales for 1992-1997: projecnons
using data to me end of June 1992. Communicaole Disease Report 1993:
3fsuppll):SI-17.

0 Centers for Disease Control and Prevention. Projecnons of the number of
persons diagnosed with AIDS and the number of immunosuppressed
HIV-infected persons. United States, 1992-1994. MMWR 1992;41:1-24.
(Xo RR-18.)

a

CAccepted 20 Mav 1994)

Germany). In order to exclude patients with enzyme
elevations unrelated to myocardial infarction, we
evaluated peak aspartate ammotransferase values only
in patients whose alanine aminotransferase values had
not increased concomitantly. Patients with raised
aspartate aminotransferase values at the first deter-
mination were also excluded from the further evalua-
tion.

The prevalence of C4 allotypes was significantly
higher in patients with myocardial infarction than
in the healthy elderly controls (2X-6% v 10 7%;
P <0 0001)—the only significant difference between
the patients and the controls. After age matching,
which was possible only in those aged 60-79, 38%
(24/63) of male patients and 8% (10/133) of healthy
men C4B*Q0 allotype (P<0-0001).
The odds ratio of a 60-79 year old man with acute
myocardial infarction being a C4B*Q0 carrier com-
pared with his healthy counterpart was 7-57 (95%
confidence interval 3-31 to 17-2); in women this odds
rauo was 0-84 (0 33 to 2-16).

The C4B*QO0 carrier state influenced the outcome of
myocardial infarction (table). The odds ratio of dying
was significantly higher for men who carried the gene
compared with those who did not (18-0 (2-1 to 153) in
homozygous men and 5 53 (1-21 to 25 4) in hetero-
Data on women were insufficient to

carried the

2vgous men).
calculate odds ratios.

Average peak aspartate aminotransferase values
were significantly higher in patients who carried the
C4B*QO0 gene than in those who did not (218 U/ml
(median 195 U/ml, range 20-635 U/ml) v 145 U/ml
(median 120 U/ml, range 12-506 U/ml; P=0-040 by
Mann-Whitnev U test). Similarly, the proportion of
patients with a peak aspartate aminotransferase value
greater than 200 U/m| was significantly higher in

Ouuome of Q veave mvocardiai infarction in patients with or without
C4B*QO0 allotype

Xo (%) No(%)
Group who died who survived
Gamer of C4B*Q0 gene:
Homozygous (n=o) 3(50) 3(50)
Heterozygous (n= 38) 8(21) 30 (79)
N'on-camer(n=137) 17(12) 120 (88)
Total 28(15) 153(85)

?<0 05 for difference between patients with and without C4B*Q0 by %
test.
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Prophylaxis for Pneumocystis carinii pneumonia:
its impact on the natural history of HIV infection

in men with haemophilia

CAROLINE A. SABIN, JONATHAN ELFORD, ANDREW N. PHILLIPS,

GEORGE JANOSSY and CHRISTINE A. LEE

Haemophilia Centre and Departments of Public Health and Immunology,

Royal Free Hospital School of Medicine, London

Summary. It has been suggested that the range of AIDS-
defining conditions witnessed in patients with HIV
infection has changed since the early years of the HIV
epidemic. In this paper we consider the range of AIDS-
defining conditions in a cohort of 111 HIV-positive men
with haemophilia registered ar the Royal Free Hospital
Haemophilia Centre. In particular we assess whether the
incidence of Pneumocystis carinii pneumonia (PCP) has
changed over time. The men were all infected between
1979 and 1985 after trearment with infected blood
products and have now been followed prospectively for
up to 13 years from HIV seroconversion. By the end of
1992, 44/111 patients had developed AIDS. Of the 44
men, 18 (41%) presented with PCP as their first AIDS-
defining condition (ADC), mainly before the initiation of
primary prophylaxis in 1989. The remaining 26 patients
presented with a range of conditions as their first ADC,

but there were no more than four cases in any one disease
category. It is estimated that patients suffer from 0.7
further ADCs per year after being diagnosed with AIDS.
After taking account of the increased levels of immuno-
suppression in the cohort with time, it appears that the
incidence of PCP, both as the first ADC or as any ADC,
has declined since the introduction of primary prophylaxis
for the disease in 1989. However, non-compliance with
prophylaxis for PCP appears to have played a major role
in the continuing occurrence of PCP since 1988.
Improvements in compliance with therapy should result
in a further reduction in the incidence of PCP bbth as a
first ADC and as any ADC.

Keywords: AIDS-defining conditions, haemophilia, HIV,
non-compliance, Prneumocystis carinii pneumonia, pro-
phylaxis.

In the early days of the AIDS epidemic. when little
treatment was available for individuals with opportunistic
infections, survival after diagnosis with an AIDS-defining
condition was relatively short. However, with the
introduction of new therapies for people with AIDS,
prospects for survival have improved [1-3]. Whereas
increased age at diagnosis has almost universally been
associated with poorer survival from AIDS, uncertainty
remains as to the effects of other factors, such as the
patient’s CD4 count, gender, ethnicity or HIV exposure
category (1, 2, 4-7].

From 1988 a number of prophylactic treatments became
available for HIV-infected individuals with low CD4
counts. These have included the use of pentamidine or co-
trimoxazole as prophylaxis for Pneumocystis carinii

Received 23 June 1994: accepted 26 July 1994

pneumonia (PCP) [8-10] and, in some treatment centres,
fluconazole as prophylaxis against candidiasis [11]. Prior
to the introduction of therapy, PCP was the most common
AIDS-defining condition in many groups of parients [12].
A number of authors have suggested that the introduction
of prophylaxis for PCP has reduced the incidence of this
infection as the primary AIDS-defining condition {12, 13]
and that survival has increased, possibly as a result of this
treatment. The effects of the introduction of the
antiretroviral drug, zidovudine, on survival for patients
initially AIDS-free are still not confirmed [14-16].
Kaposi’s sarcoma (KS), a common AIDS-defining
condirtion, has been reported in around 6-24% of men
developing AIDS (1, 4, 6, 17, 18]. However, the incidence
of KS as an AIDS-defining condition declined between
1981 and 1990 4, 16, 19]. The reduction in PCP and KS as
AIDS-defining conditions has been matched by a
corresponding increase in the incidence of several other
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AIDS-defining conditions. Whilst KS has been a frequent
AIDS-defining condition amongst homosexual men, it is
rarelv seen outside this group. Because many studies on
the incidence of different AIDS-defining conditions over
time have been carried out in homosexual men, the
information from these studies has been of limited use for
clinicians treating patients from other risk groups, in
whom KS is rare. In this paper we tonsider the AIDS-
defining conditions (ADCs) in a cohort of men with
haemophilia, infected with HIV between 1979 and 1985,
paying particular artention to the changing incidence of
PCP over time. We also compare survival after an AIDS
diagnosis within different subgroups, defined by whether
the initial ADC was PCP or some other condition, the
year of diagnosis, age and CD4 count at diagnosis, and
zidovudine usage prior to an AIDS diagnosis.

Methods

Patients

One hundred and eleven men with haemophilia registered
at the Royal Free Hospital Haemophilia Centre became
infected with HIV between 1979 and 1985 following
treatment with unsterilized blood products. These
patients have been well described [20-22]. All patients
are seen at the Centre every 3—6 months, at which time
they undergo complete clinical and laboratory review.
AIDS is classified according to the most recent CDC
classification accepted for use in the UK at the time of
diagnosis. Patients are not given a retrospective diagnosis
of AIDS if a change in the case-definition occurs. Data on
AIDS-defining events are abstracted on a yearly basis from
medical notes.

Since 1987 zidovudine has been available for individuals
with AIDS and ARC, and from October 1988 it has been
available as part of the MRC/ANRS Concorde trial of
early versus deferred zidovudine in asymptomatic
HIV + ve individuals. Secondary prophylaxis for PCP
(with pentamidine) has been available since March 1988
(300 mg 2-weekly) and primary prophylaxis since Febru-
ary 1989 (300 mg monthly). Patients with haemophilia are
used to administering home therapy with factor VIIL In
the majority of cases, therefore, pentamidine was self-
administered at home. From 1992 it became apparent that
co-trimoxazole was more effective as prophylaxis than
pentamidine. Where possible, patients were changed to
co-trimoxazole from 1992 onwards (960 mg three times a
week). However, a large proportion of individuals
receiving co-trimoxazole develop skin sensitivity and.
where this was the case, patients were switched back onto
pentamidine. Secondary prophylaxis for candidiasis
(Auconazole) has been available since March 1988 and
primary prophylaxis since April 1990 (both 150 mg
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weekly). Patients developing either PCP or candidiasis
are considered at risk of recurrence of the condition and
are therefore offered secondary prophylaxis regardless of
their CD4 count. All patients are started on zidovudine
and primary prophylaxis once their CD4 count falls below
0.2x 10°/1. To date, a total of 51 patients have received
zidovudine, 35 PCP prophylaxis (26 primary, nine
secondary) and 39 prophylaxis for candidiasis (13
primary, 26 secondary). The dose of fluconazole received
is increased (50 mg daily) either when the patient’s CD4
count falls below 0.01x 10’1, or while the patient is
receiving antibiotics. Compliance with prophylaxis is
assessed at each patient’s clinical review by careful
questioning of the patient. Further information about
the patient, e.g. whether they are a drug user or suffer
from mental illness, is also taken into account when
assessing compliance.

Laboratory methods

Between 1982 and 1986 absolute CD4 counts were
calculated from the lymphocyte count and CD4%
values. Absolute lymphocyte counts were determined by
an automated whole blood counter (Ortho ‘ELT 800’ with
differential screen) and percentages of CD4 lymphocytes
were counted in Ficoll-Hypaque-separated blood mono-
nuclear cell suspensions [20]. Since 1986 a whole blood
lysis method has been used, and the percentage of CD4
lymphocytes analysed by flow cytometry using a FACScan
(Becton Dickinson, Crawley, UK) [23]. A monoclonal
CD4 antibody, RFT4, to the p 55 CD4 antigen was used in
concentration with a monoclonal CD3 antibody (UCHT1)
as described previously [23]. More recently, absolute CD4
counts have been directly obtained on an Ortho Cytoron-
Absolute (Ortho Diagnostics, High Wycombe, UK). Flow
cytometer quality control was monitored in the UK
National External Quality Assurance Scheme. We have
compared CD4 counts from before and after the change in
methods in 1986 and have seen no consistent difference.

Statistical methods

All ADCs were divided according to whether they were
PCP or some other condition. Calendar year of diagnosis
has been dichotomized (prior to 1989, 1989 onwards) to
reflect the introduction of therapy for AIDS patients and
pre-AIDS patients in the late 1980s. Due to the expected
non-normality of the continuous variables studied
(patients’ age and CD4 count at AIDS diagnosis),
comparisons of these with year of diagnosis and the
patient’s first ADC were carried out using standard non-
parametric methods (Wilcoxon Mann-Whitney test {24]).
For all further analyses, the patients’ age and CD4 count
at AIDS diagnosis were dichotomized by stratifying above
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and below the median values (32 years and 0.09 x 10%/]
respectively). The date on which a patient’s CD4 count
fell below 0.2 x 10°/] was estimated by linear interpolation
between the dates of the measurement immediately
preceding and the measurement after the count had
fallen below this level.

All rates were compared using standard Poisson
modelling procedures in GLIM (25, 26]. In each case the
logarithm of the patient-years of follow-up was calculated
and offset in the model. The number of events (e.g. further
episodes of PCP. deaths) was modelled as the dependent
variable. Tests of significance were performed bv
calculating the difference between the scaled deviances
from models with and without the factor of interest {27].
This was compared to tabulated values of the chi-squared
distribution with degrees of freedom equal to the
difference in modelled degrees of freedom. When
considering the incidence of PCP as an initial ADC,
patient follow-up was censored at an initial non-PCP
ADC. Patient follow-up was censored at death when
considering the incidence of PCP as any ADC.

A large number of those diagnosed with AIDS prior to
1989 were diagnosed with AIDS posthumously, possibly
due to lack of diagnostic experience of HIV in the early
years of the epidemic. Further, AIDS patients diagnosed in
more recent years have limited follow-up and heavy
censoring occurs in this group of parients. Consequently,
the estimation of survival probabilities using standard
survival methods is problematic. For this analysis, the
death rate was calculated as the death rate per 100 person-
vears of follow-up after an AIDS diagnosis, and
differences in this rate between categorical variables
(year of diagnosis, initial ADC, age at diagnosis) were
compared for statistical significance using Poisson model-
ling, as described above. In order to remove some of the
potential bias associated with early cases of AIDS
remaining unrecognized until after death, the above
analyses were repeated, excluding all pauents with zero
survival times from the data set.

Table 1. Initial AIDS-defining conditions observed in cohorrt.
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Results

The 111 men in the cohort have previously been described
in detail [20-22]. By 1 January 1993, 44/111 (40%) of the
cohort had developed AIDS, with a Kaplan-Meier
progression rate of 47% at 13 years after seroconver-
sion. 25 (57%) developed AIDS prior to 1989, while 19
(43%) were diagnosed in 1989 or later. At the time of
AIDS diagnosis, CD4 counts ranged from 0 to 1.07 x 10°/1
(median 0.09 x 10%/1), and the patients’ age from 8 years to
82 years (median 32 years). There is some evidence of a
change in the CD4 count at which AIDS develops
according to the year of AIDS diagnosis although this is
non-significant (median CD4 counts of 0.13 and
0.03 x 10/1 in patients diagnosed prior to 1989 and from
1989 onwards respectively, P = 0.13, Mann-Whitney test).
However, as expected, due to the known association
between age and HIV disease progression, patients
developing AIDS since 1989 are, on average, younger at
diagnosis than those developing AIDS earlier on in the
epidemic (median age at diagnosis, 27.3 and 35.0 vears
respectively, P = 0.04, Mann-Whitney test).

The initial AIDS-defining conditions are shown in
Table 1. PCP was the initial ADC in 18 (41%, 95% CI 26—
56%) of patients developing AIDS. In the remaining
patients, oesophageal candida, lymphoma and wasting
syndrome were the most frequent initial 'ADCS. No
patient in the cohort has developed Kaposi’s sarcoma
during follow-up. 22 (50%) of the patients developed only
one ADC. The remaining patients either experienced a
single recurrence of their initial ADC (two patients), had a
recurrence of their initial ADC and developed at least one
further condition (three patients) or developed at least one
further condition but not a recurrence of their initial ADC
(17 patients).

Table 2 shows the pattern of illnesses amongst the 44
patients with AIDS, according to whether their initial
ADC was PCP (18 patients) or not (26 patients). During
follow-up there have been a total of 83 episodes of any

No of occurrences

Prior to 1989 1989 onwards

No. % No. % No. %
PCP 18 41 12 48 6 32
Oecsophageal candida 4 9 2 8 2 11
Lymphoma 4 9 3 12 1 5
Wasting syndrome 4 9 3 12 1 5
Toxoplasmosis of brain 3 B 1 4 2 11
HIV encephalopathy 3 B 1 4 2 11
Cryptosporidiosis 2 N 0 0 2 11
Salmonella septicaemia 2 3 I + 1 S
Other 4 9 2 8 2 11
Total £ 100 25 100 19 100

Haemophiiia (1995), 1, 3744
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Table 2. Initial and subsequent AIDS-defining conditions (ADC) seen in cohort, person-years
after an AIDS diagnosis and the rate of further conditions per person-year of follow-up.

Initial AIDS-defining event

PCP Other Total
No. of events (n=18) (n=26) (n = 44)
1 6 16 22
2 S 7 12
3 4 2 6
4 2 0 2
5 0 1 1
6 1 0 1
Initial ADC 18 26 44
Other ADC 24 15 39
Person-years after AIDS diagnosis 34.54 21.31 55.85
Rate of other ADC per person-year 0.69 0.70 0.70

ADC, either as an initial condition (44 episodes) or as
subsequent ADCs (39 episodes). On average, each man
experienced 0.70 further episodes of ADCs per year after
an AIDS diagnosis.

There has been no apparent decrease in the ‘crude’
incidence of PCP as an initial ADC since 1989 (Table 3,
‘Total’ columns, P = 0.54). However, as CD4 counts have
been shown to decline in individuals throughour HIV
infection, the patients followed later in the epidemic
would be expected to be more immunosuppressed than
patients followed prior to 1989. After taking account of
the level of immunosuppression (P-value for inclusion of
CD4 category <0.0001), it is clear that the incidence of
PCP as an initial ADC has declined (P-value for effect of
calendar year after adjusting for CD4 category = 0.04). In
particular, the incidence of PCP at CD4 counts below
0.2 x 10°/1 has declined dramatically, from 17.65 per 100
patient-years prior to 1989 to 6.91 per 100 patient-years
from 1989 onwards. A similar partern is seen when
considering the incidence of PCP as any ADC (data not
shown). After stratifying for level of immunosuppression,
a significant increase in the ‘crude’ incidence is reduced to
a small, although non-significant, decrease in the rate over
time (P-value for effect of calendar time after adjusting for
CD4 category = 0.16). Again, this effect is most notice-

able amongst patients when their CD4 count falls below
0.2 x 10”/1.

Of the 44 patients developing AIDS in the cohort, 35
have died with survival times ranging from 0 to 4.1 years.
10 of these patients received their diagnosis at death, nine
of whom died prior to 1989. These ‘zero’ survival times
have resulted in a low median survival time of 0.1 years
amongst the patients who have died. A further seven
patients have died without an AIDS diagnosis. In those
patients who have developed AIDS but are still alive,
follow-up times range from 0.3 to 4.9 years (median 1.7
years). Table 4 shows survival partterns for the patients
developing AIDS in the cohort. 23 of the patients
diagnosed prior to 1989 have died, with a total of 38.13
patient-years of follow-up after an AIDS diagnosis (60.32
deaths per 100 years of follow-up). There have been 12
deaths in the 19 patients diagnosed from 1989 onwards
over 17.72 years of follow-up of follow-up (67.72 deaths
per 100 years, P = 0.75). Similar analyses were performed
where patients were grouped according to their initial
ADC (PCP or not), age and CD4 count at AIDS diagnosis
and whether they had received zidovudine prior to their
AIDS diagnosis. Only the patient’s initial ADC was
significantly associated with survival with a lower death
rate in patients presenting with PCP as their initial ADC

Table 3. The incidence of PCP as an intial AIDS-defining condition (ADC) by patient-years of follow-up since seroconversion,
stratified according to vear of AIDS diagnosis and level of immunosuppression. Patient follow-up censored at non-PCP ADC, death, or

December 1992.

Year of AIDS diagnosis: Prior to 1989

1989 onwards

>0.2° <0.2 Total >02 <0.2 Total
Episodes of PCP 5 9 12 0 6 6
Patient-years after seroconversion 033.4 51.0 T04.4 170.8 86.8 257.6
Rate per 100 patient-vears 0.46 17.65 1.70 0.00 6.91 2.33

*CD4 count ( x 107/,
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Table 4. Survivai following an AIDS diagnosis.
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Patient- Death
vears of rate per
follow- 100
AIDS up after patient P-
cases Deaths AIDS years value
Year ot AIDS diagnosis
Prior to 1989 25 23 38.13 60.32
1989 onwards 19 12 17.72 67.72 0.75
Initial ADC
PCP 18 13 34.54 37.64
Other conditions 26 22 21.31 103.24 0.003
Age at AIDS
<32 22 15 30.51 49.16
>32 22 20 25.34 78.93 0.16
CD4 count at AIDS ( x 10°/])
>0.09 22 16 29.10 54.99
<0.09 22 19 26.75 71.02 0.45
Zidovudine usage prior to AIDS
No 31 25 44.25 56.49
Yes 13 10 11.59 86.24 0.27

(P = 0.003) than in those presenting with other condi-
tions. Whilst no statistically significant differences were
found when stratifying by the patient’s CD4 count at
diagnosis, age at diagnosis, and zidovudine usage prior to
an AIDS diagnosis, the differences were large and in the
expected direction.

To remove some of the effect of any potential bias
associated with the large numbers of AIDS diagnoses made
posthumously early in the epidemic, the 10 patients with
zero survival times were excluded from the data set and the
above analyses were repeated. All but one of these patients
were diagnosed with AIDS and died prior to 1989. After
excluding the 10 patients most of the results were
essentially unchanged. However, zidovudine usage prior
to an AIDS diagnosis, whilst previously non-significant,
was now significantly associated with an increased death
rate (rates per 100 person-years after AIDS diagnosis; 86.2
and 33.9 in those receiving zidovudine prior to diagnosis
and those not, respectively, P = 0.03).

A toral of 40 patients had CD4 counts which fell below
0.2x 10°/1 on at least one occasion, were still alive and
had not developed PCP by February 1988. These patients
were eligible for primary prophylaxis for PCP. Four of
these patients had persistentiy high CD4 counts, and their
one low count was thought to be misrepresentative of
their general level of immunosuppression. These patients
were not therefore considered eligible for prophylaxis.
The remaining 36 patients were eligible for primary
prophylaxis for a total of 95.97 vears (i.e. from the date
the CD4 count first fell below 0.2x 10°/1 or February
1988, whichever was earlier. to the date of first occurrence
of PCP, death or the end of the study). Whilst eligible,

eight of the patients experienced an episode of PCP. 22
patients were thought to be compliant with therapy, seven
were known to be non-compliant and six were not started
on prophylaxis, because they did not visit the centre on
enough occasions before dying, either because they moved
to another centre or were frequent non-attenders.
Information about compliance and ptophylaxis is
unavailable for one patient. All eight episodes of PCP
occurred in patients known to be known to be non-
compliant, or in whom prophylaxis was not started (rates
of development of PCP 0.0 and 50.0 per 100 patient-years
in those compliant and those non-compliant respectively,
P <0.0001).

A total of 19 patients experienced episodes of PCP and
were still alive when secondary prophylaxis for PCP was
introduced in March 1988. These patients were therefore
eligible to receive secondary prophylaxis. Total patient-
years of eligibility for secondary prophylaxis (i.e. from the
onset of their first episode of PCP or March 1988,
whichever was later, to their death or the end of the study)
was 33.56 years. Over this period, five of these patients
experienced a recurrence of PCP (four patients experi-
enced one further episode, one patient experienced two
further episodes). Whereas the patients thought to be non-
compliant or those in whom secondary prophylaxis had
not been started had a higher risk of recurrence of PCP
than those thought to be compliant, this difference was
not statistically significant (rates of 10.2 and 28.6 per 100
patient-years in those compliant and those non-compliant
respectively, P = 0.22).

Two patients developed PCP while eligible to receive
both primary and secondary prophylaxis, i.e. they

Haemophilia (1995), 1, 3744
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Table 5. Clinical dertails of patents who have developed PCP after eligible to receive

prophylaxis for PCP.

Type of
prophylaxis
recetving First date of
when PCP eligibility for
episode PCP
Patient occurred® prophylaxis Comments
1 1 November 1989 Non-attender
2 1 February 1989 Non-compliant
3 1 Janurary 1992 Non-compliant/drug addict
4 1 February 1989 Only recetved one dose
5 1 July 1990 Non-compliant
6 1 March 1989 Non-compliant/in mental hospital
T 1 and 2 February 1989 Non-compliant
8 1 and 2 February 1989 Not started on prophylaxis, presented
with PCP from different country
9 2 March 1988 Compliant
10 2 September 1988 Non-compliant
11 2 April 1988 No known reason

*1 = Primary prophylaxis; 2 = secondary prophylaxis.

developed PCP while eligible for primary prophylaxis and
then experienced a further episode while eligible for
secondary prophylaxis. Information about compliance on
all 11 patients who experienced episodes of PCP while
eligible for either primary or secondary prophylaxis is
shown in Table 5.

Discussion

We have shown that in our cohort of men with
haemophilia infected with HIV, PCP is the most common
initial AIDS-defining condition (ADC), with almost half
the men being diagnosed with this as their initial ADC.
Whereas the overall ‘crude’ incidence of PCP, both as an
initial ADC and as any ADC, appears to have increased
since 1989, the patients are now, in general, much more
immunosuppressed than they were earlier in the epidemic.
Once the increased levels of immunodeficiency seen in the
cohort in more recent years are taken into account, there
is evidence to suggest that the incidence of PCP is
decreasing. Whereas the decrease was significant for PCP
as an initial ADC it did not reach statistical significance
for PCP as any ADC. Nevertheless, the result is consistent
with those from other, larger cohort studies which have
shown a decrease in the incidence of PCP since 1989 [12,
13]. The decrease in the incidence of PCP seen in our
cohort is almost certainly due to the introduction of
primary prophylaxis in 1989. There i1s no room for
complacency, however, as PCP, whilst declining in
incidence, has not been completely eliminated. A large
proportion of patients who were believed to be non-
compliant with their prophylaxis went on to develop
either an initial episode of PCP or a recurrence, whereas
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the majority of patients known to be compliant with
therapy remain free of PCP. This suggests that non-
compliance is a major contributory factor in the cases of
PCP seen in the cohort since the introduction of primary
prophylaxis in 1989.

There is lictle evidence that survival: from an AIDS
diagnosis is improving in our cohort with time, although
follow-up continues in many of those diagnosed since
1989. Survival appears to be associated with the patient’s
initial ADC, with lower death rates in patients developing
PCP as their initial ADC, suggesting that treatment of
PCP is usually successful. Some authors have suggested
that survival from an AIDS diagnosis is improving [1-3].
However, the association between survival and initial
ADC appears to be paradoxical, with those patients
presenting with PCP having both lower CD4 counts at
diagnosis [28] but improved survival [4, 7]. Other studies
have reported that survival from an AIDS diagnosis
ranged from $ to 17 months (1, 4, 6, 29], and many of
these studies have shown that the probability of survival is
reduced with increasing age at AIDS diagnosis [1, 2, 4-7].
There is the suggestion that much of the effect of age on
survival could be due to the fact that different age groups
present with a different range of ADCs (4], and that the
effect of age simply reflects the distribution of PCP, for
example, in the group of patients studied. We also found
improved survival in patients whose CD4 counts were
higher at diagnosis, in those who were younger, and in
patients who had not received zidovudine prior to their
AIDS diagnosis. Whereas none of these differences
reached statistical significance, the effects were large and
in the direction expected, given other resuits in some, but
not all, published research (1, 2, 47, 15].
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Whereas the proportion of patients in the cohort who
have PCP as their initial ADC is higher than in other
studies, confidence iimits are wide and include estimates
from other cohorts which range from 20% to 46% [4. 6.
13. 17]. Because we have not seen any cases of KS in our
cohort, the proportion presenting with PCP mayv be
expected to be larger than in studies including homo-
sexual men. However, because the incidence of KS as an
initial ADC is declining in other HIV exposure categories,
the information derived from this cohort will become
increasingly important, as the differences in morbidity
between risk groups diminish. It has been suggested that
survival from an AIDS diagnosis is slightly longer in
intravenous drug users (30] than in other risk groups,
although this may be explained by differences in age
between the risk groups. With the exception of KS,
however. patterns of AIDS-defining illness within different
exposure categories are likely to be broadly similar {31]
and we therefore believe that the information from this
cohort is applicable to other exposure categories.

In conclusion, we have shown that in this cohort of men
with haemophilia infected with HIV, the incidence of
PCP, either as an ADC or as any ADC, is declining atter
controlling for changing levels of immunosuppression.
However, the condition is still relatively common,
possibly due to high levels of non-compliance amongst
patients when taking their prophylaxis. By preventing
patients from developing PCP it is possible to delay the
onset of AIDS. Steps to improve compliance, including
continual education of the benefits of prophylaxis and
treatment at the centre rather than at home. could be
taken to reduce the incidence of PCP even turther, both as
an initial or any ADC.
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