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Abstract

Highly active antiretroviral therapy (HAART) has significantly reduced mortality caused by
human immuno-deficiency virus (HIV) by enhancing the physiological and immunological
ability to counterattack against the virus and increases the life expectancy. Once started, the
antiretroviral treatment should be continued lifelong and adherence to this treatment should be
nearly perfect to enable long-term efficacy. A continuous and life-long treatment with
HAART may lead to a broad spectrum of significant toxicities. As a result many patients
interrupt their HAART without the knowledge and advice of the clinicians and this cause the
patient immune to degrade and even cause to death. Therefore, this study is an attempt to
examine the predictive factors of interruption duration in patients who interrupt their ARV

drugs treatment.

The study is a retrospective cohort study of HIV/AIDS patients under HAART but
discontinued their treatment for at least one month, which comprises a total of 723 patients
from Zewditu Memorial Hospital. Of these patients about 67% resumed their treatment. In the
analysis of data the Kaplan-Meier survival estimator and Cox proportional hazards regression
model are used. Based on the data analysis, it is found that main effects: education, baseline
age, baseline weight, CD4 count at the start of HAART and prior to interruption, duration on
HAART and interaction effects: marital status with disease duration and marital status with

sex are important factors that are related to time to resumption of HAART.

In general, HIV/AIDS patients who have prolonged treatment interruption are characterized
by having lower level of education, younger age, high weight, higher CD4 count at the start of
HAART, lower CD4 count prior to treatment interruption, longer duration on treatment

follow-up and currently not married and male patients with longer disease duration.

X
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CHAPTER ONE

INTRODUCTION
1.1 Background

In countries most heavily affected by HIV life expectancy has reduced by more than 20 years,
economic growth slowed and household poverty deepened. There are two types of HIV:
namely HIV-1 and HIV-2, both types are transmitted mainly by sexual contact, through blood
and from mother to child and they appear to cause clinically indistinguishable AIDS.
However, it seems that HIV-2 is less easily transmitted and the period between initial
infection and illness is longer in the case of HIV-2. World wide, the predominant virus is
HIV-1, and generally when people refer to HIV without specifying the type of virus they refer
to HIV-1. The relatively uncommon HIV-2 type is concentrated in West Africa and is rarely

found elsewhere'.

Almost 27 years have now elapsed since the initial description the human immunodeficiency
virus type-1 (HIV-1) in 1983 (Barre-sonousssi et al, 1983, Broder and Gallo, 1984) and HIV-
2 in (Clavel et al, 1986). Of these two viruses HIV-1 is the major cause of AIDS in the world
today. During these years HIV infection has changed from a fatal condition to a manageable
chronic illness and the development of antiretroviral therapy (ART) has been one of the
dramatic advances in the history of medicine. The aims of the ART programme are to reduce
HIV related morbidity, mortality, and mitigate the impact of the AIDS epidemic. However,
for the vast majority of people living with HIV/AIDS, ART take decades to access in
resource-poor countries where HIV continues to devastate families, communities and

societies, especially the poor and the socially marginalized.

The rate of the spread of the HIV/AIDS and the damages accompanying it have reached a
level which shock economists, health workers, politicians, etc that it has become a world wide
issue in general and developing countries in particular. The disease being one without any
cure is still accountable for economic, social and health crisis especially in developing
countries. Its high prevalence and/or distribution among the youth made things even more
complicated. HIV remains a global health problem of unprecedented dimensions. HIV has
already caused and estimated 2.5 million deaths worldwide and has generated profound

demographic changes in the most heavily affected countries.

' (http://www.avert.org/)
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The most recent international epidemiological data contain some good news. In some
countries in Asia, Latin America and Sub-Saharan Africa, the annual number of new HIV
infections is falling. The estimated rate of AIDS death has also declined, in part as a result of
success in expanding access to antiretroviral drugs in resource limited settings such as few
laboratory facilities to test viral load and drug resistance and those that exist are faced with a
shortage of trained staff and costly reagents. Yet these favorable trends are not uniformly
evident, either within or between regions, underscoring the need for more comprehensive

progress in implementing the effective policies and programmes.

Ethiopia is one of the countries hardest hit by HIV/AIDS epidemic. This is especially
significant as the country is with a population estimated at over 77 million, the second most
populous nation in sub-Saharan Africa resulting in high magnitude HIV-infected population.
About 85% of the population lives in rural areas, and approximately one-fifth are aged 15-24
years. HIV/AIDS was first recognized in the country in the mid-1980’s, at about the same
time as in other countries in the region. Efforts to collect epidemiological data began shortly
thereafter, and there are many studies from the late 1980s and 1990s reporting prevalence data
and risk factors in a number of high-risk groups. In recent years, the main source of
information about HIV in Ethiopia has been antenatal care (ANC) clinic based sentinel
surveillance, with surveys being conducted and published at two year intervals, most recently
in 2005. In addition, useful epidemiological information at national level and for specific
communities can be extracted from the Demographic and Health Surveys (DHS) and
Behavioral Surveillance Surveys (BSS), the most recent versions of which were also
completed in 2005. The 2005 ANC surveillance based HIV prevalence among the general
adult population was estimated at 3.5% that is 10.5% for urban and 1.9% for rural areas.
Results of the 2005 Ethiopian Demographic and Health survey, on the other hand, indicated a
national level adult prevalence rate of 1.4%, the prevalence in women was 1.9% and that of

men was 0.9% in 2005 (HAPCO and GAMET, 2008).

An estimated 22 million adults and children were living with HIV in Sub-Saharan Africa at
the end of 2007. In the year 2007, an estimated 1.5 million Africans died from AIDS. The
epidemic has left behind some 11.6 million orphaned African children. Specifically in
Ethiopia the estimated number of adults and children living with HIV/AIDS were about
980,000 and 67,000 deaths due to AIDS and 650,000 million Ethiopian children are orphaned
due to this epidemic at the end of 2007 (UNAIDS, 2008).
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There is no any field of medicine that has been through such dramatic developments as that of
antiretroviral therapy. Few other areas have been subject to such fast and short-lived trends.
Those who have experienced the rapid developments of the last few years have been through
many ups and downs. Following the hope of the early years, from 1987-1990, and the modest
successes with mono-therapy (Volberding et al., 1990, Fischl, et al., 1990), the results of the
Concorde Study (Concorde, 1994) plunged both patients and clinicians into a depression that
was to last for several years. Many patients, who were infected up until the mid-80s, began to
die. Medical care was established, as well as more and more support groups and ambulatory

nursing services. One became accustomed to AIDS and its resulting death toll.

There was, however, definite progress in the field of opportunistic infections. Cotrimoxazole,
Pentamidine, Gancyclovir, Foscarnet, and Fluconazole saved many patients lives, at least in
the short-term. Then, in September 1995, the results of the European-Australian DELTA
Study (Delta, 1996) and the American ACTG 175 Study (Hammer er al, 1996) attracted
attention. It became apparent that two nucleoside analogs were more effective than
monotherapy (Hoffmann et al, 2007). As a result of these treatments mortality among the
patients declined from 29.4 per 100 person-years in 1995 to 8.8 per 100 person-years in the
second quarter of 1997 in USA (Palella et al, 1998). Both studies demonstrated that it was
potentially of great importance of starting treatment immediately with two nucleoside

analogs, as opposed to using the drugs successively.

Although some severely ill patients with AIDS managed to recover during these months, for
many the combinations that were now - at the beginning of 1996 - widely used, came too late.
Then at the mid of the year (June, 1996), the World AIDS Conference in Vancouver reported
on the new “AIDS cocktails” and the strangely unscientific (and rather ridiculous) expression
“highly active antiretroviral therapy” (HAART) began to spread irreversibly. Clinicians were
only too happy to become infected by this enthusiasm and the introduction of HAART has
transformed HIV infection in to a chronic manageable disease. Although, it still seemed no-
medication ten years ago, it is now realistic to expect to control HIV for the longer term.
However, the success of the antiretroviral treatment (ART) is highly dependent on the
adherence to complex antiretroviral drug (ARV) regimens. Unfortunately up to 25% of the

patients discontinue their HAART regimen mainly because of toxic effects.
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The goal of ARV drug therapy is to improve survival; to reduce HIV associated morbidity
and mortality, to increase the quality of life, to restore immune function and to achieve
maximal and sustained suppression of viral replication (OARAC, 2008). In 2003
WHO/UNAIDS “3 by 5” initiative had set a target of putting 3 million people on ART by the
end of 2005 in low income countries, but only 1.3 million people have started ART which is
55% of the target. By 2010 WHO has planed to put 9.8 million people on ART with the goal
of providing universal access to HIV care and ART (UNAIDS, 2006).

In Ethiopia the Federal Ministry of Health has estimated 250,000 — 300,000 persons to be
eligible for treatment and it had planned to put 74,000 people on ARV treatment by the end of
2006. But only about 55,000 people are getting ART at the end of 2006 (Ministry of Health,
2006). Recently, the Ministry of Health plans to make free ARV treatment available to
320,000 persons by 2008. A phase by phase approach will be used to rollout the ART
program throughout the nation. HIV regional prevalence, population density and regional
equity were taken as criteria to determine the number of ART sites per region (FHAPCO,

2007).

However, many patients who already harbor drug-resistant HIV require interruption of
HAART due to poor compliance, poor quality of life, toxicity or development of resistance, to
have a break from taking treatment every day or to re-stimulate the immune system by
allowing viral loads to rise. Despite the predicted benefits of HAART interruptions such as
reducing cost, time on antiretroviral therapy, and to reduce toxicities associated with therapy,
there are a number of risks involved in stopping treatment, some of which can be serious. In
addition to rises in viral load and falls in CD4 cell count, recent studies have shown that some

treatment interruption strategies put patients at a high risk of disease progression or death.’

1.2 Statement of the problem

A medical crisis as socially complex and far-reaching as the HIV/AIDS pandemic stirs much
controversy about what strategy will best forestall disaster. Epidemiologically, there are two
approaches to managing widespread disease: prevention and treatment. Many public health

programs have emphasized prevention measures over treatment provision in developing

2 http://www.aidsmap.com/cms 1032040 and 1039438
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countries primarily because they are less expensive. While prevention is absolutely vital in
the fight against HIV/AIDS, especially where resources are limited, this uneven focus may

have promoted the appallingly inadequate medical care available to the same populations.

Fortunately, access to critical treatment is also expanding throughout the world. The efforts
of governments, non-profit organizations and international funding groups have aided
countless people by providing the life-prolonging therapies like HAART. However, we must
also realize that the initiation of HIV/AIDS treatment is exactly that, the beginning. Because
HIV/AIDS is a chronic condition, treatment must be maintained for the rest of the patient’s
life. This sustained adherence depends on a multitude of factors, many of which fall outside
of the patient’s immediate control. From economic pressures to cultural misconceptions,
patients are confronted by considerable obstacles that could jeopardize their antiretroviral

treatment.

A few years ago treatment interruptions was not considered as treatment options and patients
who interrupt therapy generally did so of their own will, which was described as non-
adherence. Drug-holidays were occasionally recommended though for example to allow
resolution of drug toxicity, but it was assumed that once started, antiretroviral treatment was a
life long commitment. Today antiretroviral treatment may be interrupted for the following
reasons, such as: request for treatment interruption by the patient, carelessness or non-

adherence, adverse effects or toxicity, change of treatment guidelines.

The major goal of HIV therapy is to maintain long-term of health of the patient, while
avoiding drug toxicity and preserving viable future treatment options. Many of the studies till
now has been done on the assessment of the prevalence and adherence and its determinants of
patients to ART, the factors that influence the survival/death status and has been done of a
person living with the virus and is under the follow up of ART. However, little has been done
on patients stopping their ART and patients interrupt and resume back to ART which mainly
put patients at a high risk of disease progression or death. Therefore, this study is motivated to
investigate the determinants of treatment interruption duration of patients with chronic HIV-1
infection who stopped their highly active antiretroviral therapy for reasons other than

treatment failure and which factors are predictive of early or late resumption to treatment.



Survival analysis of time to treatment resumption for Chronic HIV-1 patients interrupting HAART

1.3 Objectives of the Study

» General objective

)

To examine determinant factors of treatment resumption (TR) within a cohort of HIV-
1 infected patients having stopped their treatment and resumed back to their Highly
Active Antiretroviral treatments (HAART) for reasons other than treatment failure.

Using survival analysis based on non-parametric and semi-parametric methods.

» Specific objectives:

o

To describe how the risk factors for patients who stopped their Highly Active

Antiretroviral treatments affect resumption to their treatment.
To characterize the magnitude of risk related to socio-demographic and
immunological factors on time to treatment resumption after an unstructured treatment

interruption in adolescents and old age peoples with chronic HIV-1 infection.

To estimate time to resumption of Highly Active Antiretroviral Therapy (HAART).

1.4 Application of the Results

v

The findings from this study are expected to give information to government and non-
governmental organizations working in the areas of giving care, support and treatment

for HIV/AIDS patients to make a policy and plan strategy on the area.

The result helps both government and non-government organizations and different
donors to understand and look ways to avoid or reduce unstructured HAART

treatment interruption.

It also gives information for patients, who are in the HAART follow-up and have good
clinical/immunological records, which factors have influence on the time to treatment

resumption.

It is also believed that results of the research will be used as a basis for further study in

the area.
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1.5 Limitation of the study

o

The study used a cross sectional study data from a single hospital. The result may not
be representative of the national picture, since the study employed in one hospital with
relatively well organized and started ART clinical service early, before the others start.
There was no enough mechanism in place to trace patients lost to follow up (dropped)
and dead. Therefore, the reason for some of those lost to follow up and death was not
known which could bias the finding.

The diagnosis and severity were taken as recorded on the clinical registers or records.
The clinical records were very often incomplete lacking the important socio-
demographic and clinical variables. It was difficult to find consistent information in
the follow up report from the clinical records of patients who started developed ART.
There is a tendency to record ART side effects which are severe enough to change the
drug or discontinue treatment.

Another limitation of our study is that we were unable to corroborate patients
interrupting their HAART viral load measurements. Most rarely recorded viral load
results we found from the patients’ record were done at different private institutions.
Besides not being able to assess the validity of the measurements.

Lack of literature on our country related to the subject under study.
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CHAPTER TWO
CONCEPTS AND DEFINITIONS

2.1. Background on HIV/AIDS

HIV stands for Human Immunodeficiency Virus; reversing this wording helps illustrate its
definition as it is a virus that specifically targets and devastates the immune system in
humans. As with all viruses, HIV is a particle many times smaller than a cell, which contains
genetic material protected by a protein envelope. Once HIV enters the body, it seeks out its
target that is our immune system. The human immune system is a network of vessels and
specialized junctions through which cells called leukocytes (white blood cells) monitor
physiological conditions and share information about sites of damage and foreign invasion.
These leukocytes come in many forms so they can successfully identify and manage a variety
of physiological problems. When HIV infects humans, the cell it infects most often is CD4
cells. The virus becomes part of the cells and when the cell multiplies to fight an infection,
this virus also multiplies. When someone is infected with HIV for a long time, the CD4 count

goes down. This is a symptom that the immune system is weakened.

While the initial phase of the disease manifests itself with symptoms similar to the common
cold, the HIV infection steadily grows in strength and severity. Eventually, it incapacitates
the majority of CD4-positive T-cells (CD4) which are crucial to the function of the immune
system as a whole. Proper diagnosis depends on many factors, but when an individual
reaches a CD4 count lower than 200 cells/ul of blood, a significant drop from normal levels
of about 1000 cells/ul, they are generally diagnosed with Acquired Immunodeficiency
Syndrome (AIDS) (CDC, 1992).

The period from initial infection to AIDS take between 10-12 years on average. Clinically, the
progression of HIV/AIDS is monitored by laboratory tests which report the concentration of
HIV RNA called viral load (VL) and the CD4 count. However, many factors such as time of
the day, fatigue, and stress which can affect the test result. Hence, it is highly recommended
by experts that it is better to have the blood samples at the same time of the day and using the

same laboratory.
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The degradation of the immune system does not usually cause death but instead renders the
body incapable of fighting off normally harmless pathogens. Opportunistic diseases result
from organisms across a broad range, including: protozoa, fungi, bacteria and other viruses,
which exploit the body’s shattered defenses. AIDS-related illnesses affect multiple regions of
the body such as the pulmonary, gastro-intestinal and neurological systems. The types of
opportunistic diseases that are most prevalent in a population depend on the region; for
example, tuberculosis has an extremely high incidence rate among HIV-positive individuals
in many African countries whereas it is relatively rare in the U.S. Aside from opportunistic
infections, the direct consequences of AIDS often include chronic diarrhea, wasting
syndrome, prolonged fever, dementia and a type of cancer called Kaposi’s sarcoma (Weeks

and Alcamo, 2006). Consideration of these secondary infections is vital in overall treatment.

2.2 Antiretroviral Treatments

Despite the discouraging outlook of HIV/AIDS progression, hope lies in the fact that viable
treatments have been developed over the last two decades to curb the lethal course of this
illness. The first antiretroviral drug approved by the U.S. Food and Drug Administration
(FDA) in 1987 was zidovudine commonly known as AZT (azidothymidine), originally
designed to treat cancer. This drug was successful in that it slowed disease progression and
instilled optimism in the HIV/AIDS-affected community. Regretfully, it was later shown that
treatment with AZT did not increase overall survival rate (Institute of Medicine 2005a). This
outcome spurred drug development in several different directions ultimately producing four
distinct classes of drugs namely: nucleoside reverse transcriptase inhibitors (NRTI), AZT
included, non-nucleoside reverse transcriptase inhibitors (NNRTIs), protease inhibitors (PI)

and fusion inhibitors (FI).

Researchers continue to expand on current treatment strategies as well as invent completely
novel approaches, yet the most significant advance in alleviating the morbidity and mortality
resulting from HIV infection has not been a single drug discovery but the utilization of
combination treatment. The use of three or more antiretroviral (ARV) drugs from at least two
of the classes is termed highly active antiretroviral treatment (HAART or ART) and is the
recommended form of treatment (Institute of Medicine, 2005b). With the advent of HAART
in 1996, HIV/AIDS has begun to transform into a manageable chronic illness instead of an

acutely lethal infection. The effect of this therapy was immediately apparent; the number of
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AIDS related deaths decreased by 43% in the US from 1995 to 1997 ( Institute of Medicine,
2005a).

2.3 Highly Active Antiretroviral Treatment (HAART)

The name given to aggressive treatment regimens used to suppress HIV viral replication and
the progression of HIV disease. The usual HAART regimen combines three or more different
drugs such as two nucleoside reverse transcriptase inhibitors (NRTIs) and a protease inhibitor
(PI), two NRTIs and a non-nucleoside reverse transcriptase inhibitor (NNRTI) or other such
combinations. These treatment regimens have proven to reduce the amount of active virus and
in some cases can lower the number of active virus until it is undetectable by current blood

testing techniques.

At first glance, it appears straightforward that the lower the CD4 cell count and the higher the
viral load, the higher the risk of AIDS (Mellors et al, 1997, Lyles et al, 2000), and the more
urgent the indication for treatment. International treatment guidelines agree that all
symptomatic patients and patients with CD4 cells/ul less than 200 have to be treated. The
situation is less clear for asymptomatic patients with CD4 cells/ul more than 200. Therefore,
the indication for antiretroviral therapy to start or defer is based on clinical assessment, CD4
cell count and viral load. It is assumed that once a patient started, antiretroviral treatment is a
life long commitment as the main goal of HAART is to prolong the life of the patient while
avoiding drug toxicity. However, these days HAART may be interrupted for a number of

reasons.

A treatment interruption was defined as the absence of any antiretroviral drug at least one
month in a patient who was previously receiving HAART. Recently, treatment interruption
has been a topic of hot discussion in terms of over possible risks (AIDS, resistance) or
advantages (reduction of toxicity and costs). A distinction should be drawn between
structured treatment interruptions (STIs), which are made with the knowledge of the treating

physician, and unstructured drug holidays, which the patient elects to take.
The reasons for interruption of treatment can differ greatly but the strategy of structured

treatment interruption (STI) in HIV infected patients has been discussed for following main

reasons: at the patient’s request, to stimulate anti-HIV immune response, to raise compliance
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by increasing time off therapy, improving quality of life and diminishing toxicity, and in the

case of occurrence of multi-resistant virus strains.

However, many of the treatment interruptions occur without the clinician’s knowledge. For
this reason alone, treatment interruptions are an important constituent of antiretroviral
therapies, whether, as a clinician, one approves of them or not. To oppose them means to
disregard the realities of treatment. Whatever the reason for interruption, viral load rebounds
or CD4 cells decline will be observed with each treatment interruption cycle for many
patients. These are considered as undesirable as they may result in high risk of disease
progression or death. To this many clinical trials have been carried out in an attempt to come

up with treatment interruption protocols that will work fore most individuals.
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CHAPTER THREE
LITERATURE REVIEW

3.1 Background

Though, the implementation of ART started since 1990; it was universally recognized that
access to effective HIV/AIDS treatment and care till recently was highly inequitable. In 2005,
Ethiopia launched free ART; over 71,000 patients were initiated on ART by the end of
November 2006 and some 241 hospitals and health centres are now providing HIV care and
treatment services in all regions of the country (FHAPCO, 2007; FDRE MOH, 2002 and
2006).

The new generations of HAART offer the potential for long-term suppression of HIV
replication; however, the challenge now is to encourage and enable patients to take these
medicines correctly, in order to achieve their maximum effect (Morse et al, 1991). Adherence
to this antiretroviral therapy, however, is critically important for the success of the therapy.
Some researchers suggest that near-perfect adherence, i.e., higher than 95%, is necessary to

achieve suppression of HIV replication (Paterson et al, 2000).

The consequences of not taking the drugs properly may be severe: resistance can develop
rapidly, and the potential benefits of the treatment can be entirely lost. There is also the
danger of cross resistance-resistance to one medication can result in the decreased
effectiveness of many others, restricting future options. The main focus of this chapter is to
present reviews of past studies related to HIV patients interrupting and resuming back to

HAART and the different statistical methodology employed in these studies.

3.2 General literature about Statistical models used in HAART studies

In recent investigation conducted in Zewditu Memorial Hospital by Assegid and Ahmed
(2007) to assess the magnitude of adverse drug reactions (ADRs) and associated factors
among patients on ART; out of the total of 554 clinical records, 526(94.9%) were reviewed, at
least one of the drugs was changed in 120(22.8%) of the patients, there were 73(13.7%) lost
to follow up. Multiple logistic regression model is used in order to assess the independent
contribution of some potential risk factors. They found that the main reasons for changing

ARV drugs were toxicity/side effects 97(81%) followed by illness in 14(12 %), and
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pregnancy in 4(3%). The frequency of ADRs was 124(24%). The most frequently diagnosed
ADRs were Anemia 42(33.9%) followed by Peripheral Neuropathy 35 (28.2%) and Elevated
ALT 31(25%).

Similarly, in the prospective study of 97 urban Ugandan patients with advanced purchasing
ART, Oyugi, et al. (2007) using logistic regression to assess predictors of adherence and
survival with viral suppression found that high rate of adherence of 90% or greater had a
potential association with survival with viral load suppression. Treatment interruptions of
more than 48h, largely as a result of financial or structural barriers of securing treatment,
explained 90% of all missed doses and predicted drug resistance. In this study, mortality was
about 10% during the first 24 weeks of treatment and most deaths occurred shortly after

treatment initiation which is similar to Laurent et al (2005).

Factors associated with viral load rebound were identified using poison regression by Bansi et
al. (2008). The study investigated whether previous treatment interruptions were associated
with a raised risk of viral rebound in individuals who have attained virology suppression on
the UK collaborative HIV cohort (UK CHIC) study and indicated that the rates of viral
rebound were up to 64% higher (rate ratio 1.64; CI, 1.43, 1.88) in those who had previously
interrupted therapy compared with those who had not. Patients who had interrupted at
detectable viral loads had up to a 74% (1.74; CI, 1.42, 2.14) higher chance of rebounding
compared with those who had not interrupted with a detectable viral load. They found no
evidence to suggest interrupting treatment at an undetectable viral load was associated with

viral rebound.

In addition some studies like Olsen, et al. (2007) used poison regression to compare incidence
rates of deaths due to AIDS in patients with and without treatment interruption and to
describe the relationship between a treatment interruption and disease progression. They
observed 1243 interruptions and 403 deaths due to AIDS. The incidence rate of deaths due to
AIDS was higher in patients with lower CD4 cell counts or higher viral loads, regardless of
treatment interruption and the incidence rates was significantly higher in the treatment
interruption (TI) group than in non- treatment interruption group. The factors associated with
disease progression in the TI of > 3 months were patients with a current CD4 count of 200
cells/ul or lower had a 2.95 fold higher incidence of new AIDS/death (P = 0.0003) while

patients with a CD4 count above 350 cells/ul had almost an 80% lower incidence when
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compared with patients with a CD4 count between 201 and 350 cells/ul and among patients
experiencing one or more TIs, a current higher viral load was associated with a 36% increased

incidence of clinical disease progression (P=0.0007).

Degu and Bernt (2005) investigated disease progression among untreated HIV-infected
patients in South Ethiopia. Similarly, Degu et al. in (2006) attempted to find out the effect of
the HAART on mortality and tuberculosis incidence rates. Both studies employed Kaplan-
Meier method to determine the event-free survival, log-rank test to compare survival
experience and Cox-proportional hazards regression model in order to identify predictors of
death in the study and they reached the mortality rate was 15.4 per 100 person years of
observation (PYO) in the HAART group and the tuberculosis (TB) incidence rates was 3.7
per 100 PYO in addition HAART resulted in a 65% decline in mortality and TB incidence
rate was lower in the HAART group. A study carried out by Giuntini et al. (2005) examined
the effect of prolonged treatment interruption in chronic HIV infection on the rate of change
in the CD4 cell count during treatment interruption and found that the main predictive factor
of treatment interruption seems to be the CD4 cell nadir (the lowest CD4 at the start of
interruption), patients with a CD4 count greater than 350 were much less likely to resume
therapy than those with a lower CD4 cell nadir greater than 350 who were under HAART in

the previous time by using the statistical methods like Kaplan-Meier and linear regression.

Similarly, Cox proportional hazards model were by Fernandez-Guerrero et al (2005) used to
determine which factors were independently related to a longer time reinitiation of HAART,
the categorical variables considered were sex, exposure group, and presence of chronic
hepatitis B and the continuous variables were age, duration of ART, duration of interruption,
CD4 HAART. They found that the factors associated with a higher probability of reinitiating
therapy were long duration of undetectable viral load during treatment (hazard ratio 1.065;
P<.003) and low CD4+ cell count at the time of therapy interruption (HR, 0.998; P<.048).
Similarly, Cox regression analysis were used by Wood et al (2006) to evaluate the impact of
baseline plasma HIV RNA on the survival among patients with CD4 cell counts > 200
cells/ul. In the study, analysis were restricted to HIV infected men and women who were first
prescribed triple drug ART therapy through recording linkage carried out with the British
Columbia division vital statistics and the primary end point in this analysis was time to death.
A baseline HIV RNA >100,000 copies/ml was statistically associated with elevated mortality

among non-adherent patients.
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A study carried out by Toulson ef al (2005) in a systematic chart or database review to
identify patients with nadir CD4 cell counts > 200 cells/mm’ and without acquired
immunodeficiency syndrome defining illness who underwent treatment interruption. The data
collected include duration and reason for treatment duration, demographic characteristics,
CD4 cell count and plasma viral load. In this study Cox proportional hazards model were used
to assess characteristics associated with HAART reinitiation after treatment interruption,
based on 208 of the 4461 patients underwent TI, the characteristics nadir CD4 cell count <250
cells/mm” (risk ratio [RR], 2.79; P< .001) was positively and independently associated with
faster time to HAART reinitiation. Pogany et al (2007) used a similar methodology to
evaluate the safety and efficacy of discontinuing HAART in patients with a CD4 cell nadir
greater than 350 cells/mm’. The study enrolled 71 patients of these patients 46(64%)
interrupted and 25(36%) continued HAART with median CD4 cell counts at the start of
HAART were 469 and 510 respectively. And only 5(11%) of the interrupted patients reinitiate
therapy. As a result the viral load stabilizes its pre-HAART count, but the CD4 count still
exceeds the pre-HAART count (563cells/mm3).

3.3 Literature review on the specific variables used in the study

3.3.1 Socio-demographic characteristics

Demographic and social variables or characteristics such as sex, age, weight, marital status
and level of education were included in many studies. These variables mainly used to
compare by grouping the target population in to different categories based on descriptive
statistical methods but in some studies, these were included in model based analysis and were

found to have significant effect on the outcome variable.

Age at infection has been widely considered in studies concerned with identifying variables
associated with HIV disease progression. Some studies like (D’ Arminio et al, 2000) found
that younger age and recent initiation of combination ART (HAART) were associated with an

increased risk of treatment interruption.

A sex difference in terms of clinical response to HAART has been described but this was not
consistently reported among different authors. In a cohort study involving 62 French hospitals
Fardet et al. (2006) observed no significant difference in the timing of elective HAART
initiation and clinical progression rate according to gender. On the other hand, female gender

and injection drug user (IDU) were associated with a higher risk of TI. The gender difference
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may be explained by women having a higher risk of toxicities as a result of lower weight

(Moore et al, 2002).

The gender ratio of male and female patients in the HIV- NAT cohort is unlike that described
in cohorts in Europe and the USA which tend to consist predominantly of male patients. After
treatment initiation, male and female patients in the cohort had similar levels of risk for
reaching the endpoints studied (Srasuebkul et al, 2007). The results of this study were similar
to result from other studies which showed that men and women similarly responded to

HAART (Nicastri et al, 2005).

In a study conducted on Danish HIV infected patients, the baseline body weight and plasma
viral load were identified as predictive factors for discontinuation of the initial PI among
patients in the randomized study on 318 patients. Patients with a lower body weight and lower
plasma viral load on starting their initial PI had a higher risk of stopping the PI therapy. The
risk of treatment discontinuation increased in patients by 16% per 5 kg lower body weight at

baseline, (Kirk et al, 2001).

3.3.2 Disease duration, duration of follow up and CD4 change

In Ethiopians, low CD4 counts before the seroconversion do not lead to faster HIV disease
progression by Yared et al (2003). They studied the immunological profile i.e. low baseline
CD4 count would result in shorter survival time and used data from 149 HIV infected factory
workers with mean age at intake 34 years and 69% were males. At the first HIV visit, the
median CD4 count was 327 cells per microlitre. During active follow-up 29 individuals died.
A continuous-time Markov model was designed and the estimated median survival time from
HIV seroconversion to death was 9.1 to 13.0 years. Even if low CD4 counts, the survival time
in HIV infected individuals in Ethiopians is similar to that of populations in the industrialized
countries before the advent of ART. According to the study the generally low CD4 counts

among Ethiopians do not imply shorter survival time, because of a slower CD4 decline.

In several studies we have seen that an unstructured treatment interruption is a major issue
among children and adolescents with perinatality acquired HIV infection. Treatment
interruption was associated with HIV disease progression including a rapid HIV-1 RNA
increase during the first several months and a precipitous CD4 decline. Thus close monitoring

is required when a TI undertaken. Importantly, nadir CD4 cell counts were reported to predict
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a CD4 cell decline. The magnitude and predictors of HAART interruption in the study of
1551 subjects starting HAART, 299 (19.3%) interrupted treatment. Median (interquartile
range (IQR)) duration of the TI was 189 (101-382) days. Women were more likely to have a
TI than men in the same exposure group (35.8% vs 24.2% among drug users, 22.1% vs 13.3%
among heterosexuals; P < 0.05). Higher baseline viremia and poor immunologic response to
HAART were associated with higher probabilities of TI. Median individual CD4 cell loss
during TT was 94 (IQR 1-220) cells/ul. Older age at HAART (>40 yr), lower pre-HAART
nadir (<200 cells/ul), and lower CD4 count at start of TI (<350 cells/ul) were significantly
associated with greater relative CD4 loss during duration of treatment interruption by
employing Cox proportional hazards model (Thiébaut et al, 2005; Pellegrin et al, 2005;
Touloumi et al, 2006).

Moreover, Cox proportional hazards model was applied in a similar fashion to assess
characteristics associated with time to HAART reinitiation after TI (Toulson et al, 2005;
Boschi et al, 2004; Mussini et al, 2005). A study by Toulson et al, (2005) indicated that the
time of the reinitiation of HAART, the median CD4 cell count was 260 cells/mm?. Among
the 197 patients in the study, there were 6 deaths, none of which was attributable to the TI. A
total of 81% had plasma viral loads < 50 copies/ml by 15 months of follow-up after
reinitiation of HAART. In the multivariate analysis, a nadir CD4 cell count < 250 cells/mm’
(risk ratio, 2.79; P <.001) and is positively and independently associated with faster time to

HAART reinitiation in adults who had HIV-1 infection and underwent treatment interruption.

A study conducted by Saitho et al. (2008) at four academic centres in the United States
between January 2000 and September 2004 using the Wilcoxon-Rank sum test for group
comparison and binomial regression analysis methods were used to compare the proportion of
patients who started treatment interruption or not and to know the clinical outcomes after an
unstructured treatment interruption among 405 patients with perinatal HIV-1 infection. Based
on the analysis 72 (17.8%) experienced a treatment interruption during the observation period.
Medication fatigue was the most common reason for a treatment interruption. In the finding,
there is a persistent negative correlation between CD4 count gains from nadir to the time of
treatment interruption and changes in CD4 count during treatment interruption. And 48 (67%)
patients resumed antiretroviral medications. According to the result there was a continuous
CD4 cell percentage decrease and plasma HIV-1 RNA increases during the observation

period. Overall, 7 (10%) patients were admitted to hospital; 2 (3%) patients experienced an
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AIDS-defining illness. Patients who gained the greatest CD4 cell percentage while receiving
antiretroviral therapy experienced the greatest CD4 cell percentage decline during the first
year of a TI. A similar finding was reported for adults who had long-term HIV infection and

discontinued antiretroviral therapy (Mata et al, 2005, Nacher et al, 2006).

In a Swiss HIV cohort study to assess the impact of occasional short interruptions of HAART
four different endpoints were considered. These were death, U.S. Centers for Disease Control
and Prevention (CDC) stages B and C, and CD4 cell count increase >= 50X 10° cells/ul ). The
study used Cox-time dependent proportional hazard regression model and Wilcoxon Mann-
Whitney test for group comparison; and found that a high baseline viraemia (hazard ratio
(HR), 1.2; P >0.01), high baseline CD4 cell count (HR, 1.07 per 100x 10° cells/ul; P > 0.01),
injecting drug use (HR, 2.0; P > 0.01), and low education (HR, 1.7; P > 0.01) were associated
with a higher probability of having treatment interruptions. In patients who have initiated
HAART indicates that treatment interruptions of 1-3 months do not seem to have an overall
deleterious effect, particularly if the CD4 cell count is high and the viraemia is low. This
result by Taffe er al, (2002) was somehow reassuring as drug intolerances, treatment failures,
and the wish for ‘drug holidays’ are likely to increase in the future, with longer duration of

treatment or in patients attaining long period of follow up.

Lamid et al (2007) examined the outcome of patients with chronic HIV-1 infection whom
their treatments were stopped for reasons other than treatment failure through their rebound of
plasma viral load. They employed the Kaplan-Meier and the Cox proportional hazards
regression model and found that decrease in CD4 cell count and clinical events has
characterized and pointed out that percentage change in CD4 count, duration of interruption
and disease duration are among the important covariates that have a significant impact on a
considerable decrease in CD4 counts and the experience of high rise viral load rebound which

is detrimental to their living.

A previous study results from EuroSIDA study showed that both age and lower CD4 count
were associated with a slower increase in CD4 count at 12 months of HAART (Florence et al,
2003). In this study seven hundred and eighty patients were included. A low CD4 count
response was observed in 225 patients (29%). The risk factors for this condition were older
age, lower CD4 count at baseline, higher increase from the nadir to baseline CD4 count and

lower pVL at baseline as analyzed by multiple and logistic regressions.
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The study of Touloumi et al. ( 2008) based on the rates and determinants of virologic and
immunologic response to HAART resumption after treatment interruption using Kaplan-
Meier survival curves and Cox proportional hazards models in 281 persons with HIV-1
treated reported that median treatment duration of 18.4 months before treatment interruption,
of these patients 259 resumed HAART, and subjects with low CD4 count decrease during
treatment interruption, aged older than 40 years and those with the same HAART as their pre-
TI regimen had lower CD4 count increase during the first three months of treatment
resumption. The majority (86%) of individuals reinitiate therapy achieved HIV RNA > 500
copies/pl. Another study conducted on 185 patients, a survival analysis using Cox
proportional hazards regression model was employed and showed that TI duration was shorter
if CD4 nadir was below 250 cells per mm3 before TI (relative hazard, 2.10), older patients
age greater than 40 were 1.7 times more likely to resume treatment earlier than those under 40

years of age at T1 (Fillaux et al, 2006).

In Ethiopia to determine the prevalence and factors associated with defaulting from
antiretroviral treatment (ART) in Jimma University specialized hospital was studied by
Kebede et al. (2008). During the study period of the register review out of 1270 patients
registered as starting ART, 706 (55.6%) were female, 55 (4.3%) were younger than 15 years
and 355 (28%) missed one or more clinical appointments, these comprised 75(5.9%) dead;
173(13.6%) defaulted; 101(8.0%) transferred out and 6(0.5%) restarted their treatment, of the
total defaulters 108(62.4%) were traced where as 65(37.6%) of the defaulters were not back to
their treatment. The reason for unsuccessful tracing was because of their register (file) showed
an incorrect address, no telephone access and due to other reasons. Using logistic-regression
model, they found that the factors that were significantly associated with ART defaulting
were: taking hard drugs (cocaine, cannabis and IV drugs); drinking alcohol most of the time;
being bedridden; living outside Jimma town and having an HIV negative partner (or of

unknown HIV status).

To estimate the prevalence and to identify factors associated with HAART discontinuation
and modification in Ugandans by Kiguba et al. (2007) based on 686 HIV patients using
logistic regression found that duration on HAART, being unmarried and more than three or
more months on therapy were the variables that determine the discontinuation and

modification of HAART.
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In this chapter we have reviewed the various factors that are associated with Highly Active
Antiretroviral Treatment (HAART) interruption and resumption and also the statistical
methods employed to address it. In Ethiopia, few studies have been done on the outcome of
HIV/AIDS patients who interrupted ART. In this regard, this study is an attempt to investigate

factors related to ART resumption.
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CHAPTER 4
DATA AND METHODOLOGY

4.1 The data

The data for this study were obtained from Zewditu Memorial Hospital (ZMH) ART
Department, Addis Ababa, Ethiopia. Zewditu Memorial Hospital ART Clinic is one of the
earliest ART sites in the country which was started as HIV Clinic in 1991, before the
introduction of HAART in the country. On July 2003, the Hospital started providing ART
treatment for peoples living with HIV/AIDS (PLWHA) who are financially strong and have
the capability to pay for ART according to the national treatment guidelines. And
subsequently it also provides for those patients who can not afford the price and produce a
free paper for assistance from their place of residence “Kebele”. Later on, by the year 2005
the hospital started delivering the service of follow-up and giving the medication to any

patient who is eligible to start HAART.

ZMH ART clinic is staffed with five physicians, one pharmacist, two pharmacy technicians,
five counselor nurses and six laboratory technicians working full time. All are trained on ART
treatment and adherence counseling which is mandatory to work as ART Team. The Hospital
is under the Addis Ababa Administration Health Bureau and often gets technical and financial
assistance from CDC Ethiopia, ITECH, John Hopkins University, WHO and Management
Science for Health-Rational Pharmaceutical Management Plus (MSH-RPM+). In addition to
adherence counseling and ART for AIDS patients from Addis Ababa, it also provides

screening, follow up and referral services for TB patients.

Thus, ZMH was taken as the research area since it has sufficient number of patients on ART
as it started treatment follow up earlier than the other similar public health institutions. In
addition the hospital is well staffed and organized, and has relatively good recording of

clinical events using patient flow up chart provided by the Ministry of Health.

This study reviews patient’s intake forms and follow up cards of HIV patients taking HAART
in ZMH ART clinic. The patients’ chart include the patient intake forms and follow up cards,
which are prepared by Federal Ministry of Health (FMOH) to be uniformly used by clinicians

to simply identify and document clinical and laboratory variables. Thus, this study uses
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secondary data obtained from patients follow up records. Variables are collected by using the
patient’s identification number or the laboratory code without any direct contact with the
patients. According the International and National treatment guideline, since it requires
special consideration, all patient records will be kept in a confidential way during and after

the study.

The data were gathered from a cohort study of patients with chronic HIV-1 patients with age
higher than eighteen years old and being placed on highly active antiretroviral treatment
(HAART) for at least three months. In the study patients with undetectable viral load and
CD4 count at treatments interruption (drug holiday) and have their treatments interrupted for

at least one month are considered.

The total number of patients on HAART incorporates up to 8360 individuals with the data
extracted from the HIV cohort database. This cohort contains the demographic, laboratory and
clinical information of all HIV patients in follow-up in between the year 1998 to 2007,
including a detailed antiretroviral therapy history. Among these patients around 723 patients
interrupted their treatment or they stopped their treatment at least once. Of those who
interrupted their HAART 487 resumed back to their treatment follow up and 236 of the

interrupters did not resume back to treatment.

4.2 The variables in the study

In this study, several variables which are expected to be associated with the duration of
interruption of HAART among patients living with HIV-1/AIDS and which may cause early
or late resumption and even the indirect consequence of interruption like death or dropout

from follow-up will be considered.

4.2.1 Dependent variable (outcome variable)

The outcome variable used in this analysis is the length of drug holidays attained by the
patient that is time to resumption to treatment. It is defined as the difference between the date
of treatment resumption (TR) and the date the patient started treatment interruption (TI). It is

measured in days.
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4.2.2 Independent (predictor) variables or covariates are:
Several predictors are considered in this study to investigate the important determinant factors
for the resumption of treatment in patients interrupting their HAART. Some of these variables

are categorical and others are continuous:

*= Age in this study is considered as the age of the patient at the start of HAART and
patients with age >= 18 years are included.

= Gender of the patient (Male, Female).

=  Weight of the patient at the start of HAART.

= Marital status of the patient at the start of treatment and it is categorized as currently
married and currently not married (single, separated, divorced and widowed).

= Level of education of the patients is categorized as the level in which it is attained by
the patients at the time of start of therapy and is classified as no education (illiterate),
primary (educated up to g™ grade), secondary and above (patients who attend up to 12
and above grade 12)

= Religion of the patient classified as Orthodox, Muslim and others (Protestant, Catholic
and Others).

= Disease duration in this study is obtained by taking the difference between the date in
which the patient started treatment interruption and the date he/she is tested positive,
as it is recorded in the follow-up register format and is measured in days.

= Duration of follow up is defined as difference between the date the patient interrupted
treatment and the first date the patient enrolled for HAART and is measured in days.

= The CD4 count of the patient at the start of Highly Active Antiretroviral Treatment
(CD4HAART).

*  Prior CD4 count the last CD4 cell count registered for the patient prior to treatment

interruption (CD4Labvalue).

4.3 The methodology

Survival analysis is a statistical method designed to study the amount of time an experimental
unit survives, or the study of time between entry into observation and a subsequent event. The
statistical approach to be used in this study is the analysis of time-to-event data which are
related with individual time elapse in certain situation or state. The methodological
development of survival analysis or time-to-event data analysis is the product of long process,

which has undergone a great impulse in the last 60 years. Researchers from the biological,
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medical and epidemiological (public health), demography, economics, engineering as well as

from industry have stimulated this process with their scientific problems.

The term “survival data” has been used in a broad sense for data involving time to the
occurrence of a certain event. This event may be death, the appearance of a tumor, the
development of some disease, recurrence of a disease, conception, cessation of smoking, and
so forth. In the past, application of the statistical methods for survival data analysis have been
extended beyond biomedical and reliability research to other fields, such as the social sciences
and business. For example, we could look at the duration of a first marriage (sociology), the
length of subscription to a newspaper or a magazine (marketing), and so on. The study of
survival data was previously focused on predicting the probability of survival or mean
lifetime, and comparing the survival distributions of experimental animals or of human
patients under different conditions. In recent years, the identification of risk and/or prognostic
factors related to survival and the development of disease have become important applications

of survival analysis.

As the uses of survival analysis grew, parametric models gave way to nonparametric and
semi-parametric approaches for their appeal in dealing with the ever-growing field of clinical
trials in medical research. Survival analysis was well suited for such work because medical
intervention follow-up studies could start without all experimental units enrolled at start of
observation time and could end before all experimental units had experienced an event. This
is extremely important because even in the best-developed studies, there will be subjects who
choose to quit participating, who move too far away to follow, or who will die from some
unrelated event. The researcher was no longer forced to withdraw the experimental unit and
all associating data from the study; instead techniques called censoring enabled researchers to
analyze incomplete data due to delayed entry or withdrawal from the study. This was
important in allowing each experimental unit to contribute all of the information possible to

the model for the amount of time the researcher was able to observe the unit.

Survival analysis consists of a set of specialized statistical techniques used to study response
time data. In analyzing such data, the main objects are to determine the length of time interval
spent in a state and the transition probabilities from the current state to the entered state. The
interest of this statistical tool is mainly focused on two distinguishing features of time to event

data. Primarily, duration times are non-negative values usually exhibiting highly skewed
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distribution and therefore assumption of normality may be violated. Secondly, censoring may
occur or the true duration is not always observed or known, that is, some subjects potentially

being unobserved for the full time to failure.

The main characteristic of these data is the issue of censoring which occurs when the periods
of time of event occurrence for some individuals can not be completely observed. The process
of censoring and truncation make these data unsuitable to analyze with traditional regression
method and hence, the appropriate techniques and analyses, usually called Survival Analysis.
Details on various estimation methods developed in survival data analysis taken censoring
and truncation in to account can be obtained in Hosmer and Lemeshow (1998) and Marubini

and Valsecchi (1995) among others.

However, it is censoring which makes standard statistical techniques unsuitable for analyzing
survival data. As mentioned before, censoring is said to occur when the end-point of interest has
not been observed by the end of data collection. It occurs, for example, when some patients
survive to the end of the trial investigating time to death; when a certain type of cancer does not
occur again after surgical removal; when a patient has died from an unrelated cause to the one

being investigated; and when a patient is lost to follow-up.

4.3.1 Censoring

The time period confinement for survival data gives rise to considerations specific to survival
analysis, censoring and truncation. A censored observation is one whose value is incomplete
due to random factors for each subject. Censoring can appear in various forms and the most

common forms are explained below:

(i) Right Censored: The most common form of incomplete data is right censoring. An
observation is said to be right censoring if it is recorded from its beginning until a well
defined time before its end time. For instance, if HIV-1 patient is followed until he has a viral
load high than 1000 copies/ul and is followed without experiencing this scenario until the end
the observation period, and then this patient is known to be right censored. In other words, an
observation is said to be right censored if it begins at time t = 0 and terminate before the

outcome of interest is observed.
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(i1) Left Censored: An observation is said to be left censored if all that is known is that the
individual developed the event of interest prior to the beginning of the study. An observation
is said to be left censored if the event of interest has already occurred when observation

begins. This situation is less common in survival studies and is often not a focus.

(iii) Interval Censored: An observation is categorized into interval censored if it is only
known that the event of interest occurs within an interval of time without the knowledge of
when exactly it occurs. Interval censoring occurs in clinical trial where patients have periodic
follow-ups and in industrial experiments where equipment items are inspected periodically,

etc.

4.3.2 Descriptive methods for survival data

In any applied setting, a statistical analysis should begin with a thoughtful and thorough
univariate description of the data. And this description includes life table and Kaplan-Meier
survival function estimation which are used for the estimation of the distribution of survival

time from all observations available.

The Survival Function
The cumulative distribution function (cdf) is very useful in describing the continuous
probability distribution of a random variable, such as time, in a survival analysis. The cdf of a

random variable T, denoted Fr (t), is defined by Fr (t) = Pr (T < t).

The survival function is defined as the probability of a subject at risk surviving beyond time t.

Let T >0 have a pdf f(t) and cdf F(t). Then the survival function takes on the following form:

S =P{T>t}=1-F({)
That is, the survival function gives the probability of surviving or being event-free beyond
time t. Because S(t) is a probability, it is positive and ranges from O to 1. It is defined as S(0)

= 1 and as t approaches o, S(t) approaches O.

Median Survival Time: Median survival time m is defined as the quantity m satisfying S(m)

= (.5. Sometimes denoted by 7. If S(t) is not strictly decreasing, m is the smallest one such

that S(m) < 0.50r 1, . =S"'(0.5).

26



Survival analysis of time to treatment resumption for Chronic HIV-1 patients interrupting HAART

The Hazard Function

The hazard function is also known as failure rate, force of infection, force of mortality,
conditional failure rate, intensity function, or simply hazard rate and it is defined as the
probability that an individual fails at time t, conditional on the fact that he or she has survived
to that time. It therefore, represents the instantaneous failure rate for an individual surviving
to time t. For 4 (¢)=0, the hazard function h(t) is given by the following:

plan individual failsinthetime interval (t,t + At) | aliveatt }

h(t) = lim,, "

plt<T <t+Ar}
At
P{t<T<(@+A)IT >t}

_f@

B A—FO))
_f@)

B A(t)

The hazard function describes the concept of the risk of an outcome (e.g., death, failure,

= lim

At—0

hospitalization) in an interval after time t, conditional on the subject having survived to time t.
The hazard function seems to be more intuitive to use in survival analysis than the pdf
because it attempts to quantify the instantaneous risk that an event will take place at time t

given that the subject survived to time t.

4.3.3 Non-parametric methods in survival analysis

Kaplan-Meier survival function

The Kaplan-Meier (KM) estimator, or product limit estimator, is the estimator used by most
software packages. The KM estimator incorporates information from all of the observations
available, both censored and uncensored, by considering any point in time as a series of steps
defined by the observed survival and censored times. When there is no censoring, the
estimator is simply the sample proportion of observations with event times greater than t. The
technique becomes a little more complicated but still manageable when censored times are
included.

The KM estimator is a nonparametric estimator of the survivor function S(t).

A d,
S =[] a-— oo (A1)

(<t

Where d; is the number of individuals who experience the event or failure at timef;,, and n;

2

is the number of individuals who have not yet experienced the event at that time and are
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therefore still at risk for experiencing it. The Kaplan-Meier estimator (4.1) is a step function

with jumps at the observed event times. The size of the jump at a certain event time ¢ ; =1,

1

depends on the number of events observed att,, as well as on the pattern of the censored event

times beforez,.

4.3.4 Comparison of survival curves

In clinical research one is concerned not only with estimating the survival function but, more
often, with the comparison of the life experience of two or more groups of subjects differing
for a given characteristic or randomly allocated to different treatments. After providing a
description of the overall survival experience in the study, we usually turn our attention to a
comparison of the survivorship experience in key subjects in the data. The simplest way of
comparing the survival times obtained from two or more groups is to plot the Kaplan-Meier
curves for these groups on the same graph. However, this graph does not allow us to say, with
any confidence, whether or not there is a real difference between the groups. The observed
difference may be a true difference, but equally, it could also be due merely to chance
variation. Assessing whether or not there is a real difference between groups can only be

done, with any degree of confidence, by utilizing statistical tests.

Since survival data are typically right skewed, we would likely use rank-based non-parametric
tests followed by estimates and confidence intervals of the medians or other quantiles with in
groups. Modifications of these procedures are required when censored observations are
present in the data. When we compare groups of subjects, it is always good to begin with a

graphical display of the data in each group.

Among the various non-parametric tests one can find in the statistical literature, the Mantel-
Haenzel (1959) test, currently called the “log-rank” test will be used. Nowadays the Kaplan-
Meier method for estimating survival curves and the log-Rank test for comparing two
estimated survival curves are the most frequently used statistical tools in medical reports on

survival data.
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Log-rank test

The log rank test, developed by Mantel and Haenszel, is a non-parametric test for comparing
two or more independent survival curves. Since it is a non-parametric test, no assumptions
about the distributional form of the data need to be made. This test is however most powerful
when used for non-overlapping survival curves. This test can be generalized to accommodate
other tests that are equally used sometime in practice such as Generalized Wilcoxon test,
Tarone-Ware test, and Peto-Peto Prentice test. Each of these tests uses different weight to

adjust for censoring that is often encountered in survival data.

The log rank test statistic for comparing two groups is given by:
m 2
{z (dn - éli )}
i=1
z ‘911‘
i=1

Q:

Where:
m is the number of rank ordered event times.

d,; 1s the observed number of events (the number of patients resumed to treatment) in groupl

atevent time't,.

NIRRT

e, = is the expected no of events corresponding to d,;.
n

i

n,; is the number of individuals at risk in groupl just prior to event time t, .

A n,n,d,(n,—d;)

i

S0 1) is the variance of the number of events d; at time ¢,
n,(n,—

n, is the number of individuals at risk in both groups1 and 2 just prior to event time t,
The log rank test statistic Q has an approximation of chi-square distribution with one degree

of freedom for large samples. The null hypothesis of equality of survival functions will be

rejected for large values of Q . The log rank test can be extended for comparing three or more

groups of survival experience. See details in Hosmer and Lemeshow (1998).

4.3.5 Regression Models for Survival Data
In most medical studies which give rise to survival data, supplementary information is
collected on each individual so that the relationship between the survival experience of

individuals and various explanatory variables may be investigated. A variety of models and
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methods have been developed for doing this sort of survival analysis using either parametric
or semi-parametric approaches. Semi-parametric models are models that parametrically
specify the functional relationship between the lifetime of an individual and his characteristics
(demographic, socio-economic, etc.) but leave the actual distribution of lifetimes arbitrary.
The most popular of the semi-parametric models is the Proportional hazards model. It has the
property that the ratio of the hazards depends on the values of their explanatory variables, say

X,,X,,..., but does not depend on time t.

The semi-parametric Cox-proportional Hazards Model

We can specify the density function of a parametric distribution or we can specify the hazard
function. The advantage of the latter approach is that we directly address the aging process,
but as shown previously, it does not easily lend to itself to the use of scatter plots to motivate
regression models. The latter approach may also be preferred in a setting where the end
products of the statistical analysis are estimated parameters that compare the survival
experience of the selected subgroups. By specifying a model through the hazard function, we
may address specific questions such as how survival is related to the subject’s characteristics

or the covariates.

Cox’s (1972) paper took a different approach to standard parametric survival analysis and
extended the methods of the non-parametric Kaplan-Meier estimates to regression type
arguments for life-table analyses. Cox advanced to prediction of survival time in individual
subjects by only utilizing variables covarying with survival and ignoring the baseline hazard
of individuals. He did this by making no assumptions about the baseline hazard of individuals
and only assumed that the hazard functions of different individuals remained proportional and
constant over time. When there are several explanatory variables, and in particular when
some of these are continuous, it is much more useful to use a regression method such as Cox

rather than a KM approach.

Cox introduced the semi-parametric proportional hazards model to cater for covariate effects
for single event failures. This model is valid under the assumption of proportional hazards.
Cox (1972) observed that if proportional hazards assumption holds (or is assumed to hold),
then it is possible to estimate the effect parameter(s) without any consideration of the hazard

function.
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There are several reasons in which Cox's proportional hazards modeling was chosen to
explain the effect of covariates on time until event. They are discussed below and include: the
relative risk, no parametric assumptions, hazard function, the use of the partial likelihood

function, and the estimates of survivor function.

Relative Risk

The simple interpretation given by the Cox model as "relative risk" type ratio is very desirable
in explaining the risk of event for a certain covariate. For example, when we have a two-level
covariate with a value of 0 or 1, the hazard ratio becomes e” . If the value of the coefficient is
B =1n(3) then it is simply saying that the subjects labeled with 1 are three times more likely
to have an event than the subjects labeled with 0. In this way we have a measure of difference

between our exposure cohorts instead of simply knowing whether they were different.

No Parametric Assumptions

Another attractive feature of Cox regression is that, it does not choose the density function of
a parametric distribution. This means that Cox's semi-parametric modeling allows for no
assumptions to be made about the parametric distribution of the survival times, making the
method considerably more robust. Instead, the researcher must only validate the assumption
that the hazards are proportional over time. The proportional hazards assumption refers to the
fact that the hazard functions are multiplicatively related. That is, their ratio is assumed
constant over survival time. In other words, the Cox proportional hazards model assumes that
changes in the hazard of any subject over time will always be proportional to changes in the

hazard of any other subject and to changes in the underlying hazard over time.

The hazard function

The data in survival analysis based on the sample size n, consists of (7,,9,,X,), i=1,2,...,n,
where ¢, is the time on the study for the i" individual, &, is the event indicator (J, =1 if the
event has occurred and J,=0 if it is censored (the lifetime may be right, left or interval

censored), and X, is the vector of covariates or the risk factors for the i " individual that may

affect for instance the outcome of patients interrupting their HAART, i.e. time to resumption
of HAART.

The Cox proportional hazards model is generally given by:
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[0 SN YN NOTS (i 0. O e ———— 4.2)
Where £, (t) is the baseline hazard function at time ¢, X, =(X,;,X,,,.... X,,) for i=12,...,n

is a vector of measured covariates for the i individual at time ¢, and B” is a 1xk vector of
unknown regression parameters that are assumed to be the same for all individuals in the
study, which measures the influence of the covariate on the survival experience
with 3, representing the increase in the log hazards as X, increases one unit relative to the
baseline hazard function. This model is referred to in the literature by a variety of terms, such
as the Cox model, the Cox proportional hazards model or simply the proportional hazards
model. The hazard function in equation (4.2) depends on both time and the associated
covariates, but through two separate factors: the first is a function of time only which is left
arbitrary, but is assumed to be the same for all the subjects, the second is a quantity which

depends on the individual covariates.

From the representation in equation (4.2) one can notice a couple of features. First, if X, =0

then the hazard function for the i” individual is the baseline hazard function. It's the hazard
function in the absence of covariates or when all of the coefficients of the covariates are

assumed to be zero. Second, if we divide both sides by &, (¢), we get equation (4.3) which

shows where the term proportional comes from. Since for each individual, e is constant
across time, equation (4.5) shows that at every value of t, the i” individual's log hazard
function is constant proportion of the baseline hazard. Very loosely speaking, this implies that
each individual's hazard function is “parallel” to the i, (¢) .

(X)) _ hOexp@BX) _ px,
h, (1,0) hy (1)

The Cox model is often called proportional hazards model because, if we look at two
independent subjects with covariate values X, and X,, the ratio of their hazard functions at
time t 1s:

h@.X,) _ hy(exp®X,) _
h (t,X,) hy(t)exp(p’X,)

Which is constant and does not vary over time, that is, the ratio does not depend on t and the

explB’ (X, — X;)]--memrmmoees 4.4)

hazard rates are proportional. The Cox proportional hazards model can equally be regarded as
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linear model, as a linear combination of the covariates for the logarithm transformation of the

hazard ratio given by:

h(t,X ,
log{ @, )} Y (4.5)
hy (1)
Note that the cumulative hazard function is given by:
H(t)=H,(t)exp(B'X) ---------------m-mm-—- ---- (4.6)

Consequently, from the proportional hazard function, we obtained the survivor function given

by:

S (t, X,B) — [S() (t) ]exP(B'X) — (47)
Where, S, (¢) is the baseline survival function.

Estimation of the regression parameters using partial likelihood

Since h, (t) is not specified parametrically, it is not possible to use an ordinary likelihood to
estimate the regression coefficients B . The arbitrary function 4, (¢)1is a nuisance function, and
the aim is to estimate P on the basis of the information conveyed by the observed data
without having to involveh, (t). Cox (1972) argued conditionally on the set of observed

failures and described the data with a function depending on B only. Consider a sample of n
subjects and suppose a total of m failures occur, with m generally smaller than n, due to the

presence of censoring. Let 7, < 7, <... < f,,be the m distinct ordered failure times

o @ S
observed and let R(t) be the set of subjects, at risk at time t, who are not failed and under
observation just before t. With a slight change of notation, we indicate with j the label of the

subject who fails at 7., so that its vector of covariates isX ;. In general, X, the vectors of

covariates for the i” subject and the covariates have a constant value in time. The probability
that an individual with covariates X fails in the small interval (¢, 1+ At), given the set at risk
att, 1s:

h(t ;. X ;)At

> k(. XAt

ieR(1 ;)

It follows that the function describing the failure pattern is the product of m terms, one for

each observed failure time.

m h(t .., X ) At
S | Ty

J=U Lier, TN
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Where the hazard function is defined by (4.2) andR; = R(z ;). Given expression (4.2), the

baseline function #, (f) At cancels out and the product above simplifies to:

B Ty eeBX) 3

i€R;

Where L(B) in equation (4.8) depends on the unknown parameters pis referred to as the

partial likelihood.

The partial likelihood given by equation (4.8), although it describes only part of the data,

could be regarded as a likelihood function allowing the estimation of P with standard

procedures. In general, large sample properties like normality and consistency of maximum

likelihood estimators of B based on partial likelihood have been shown to be the same as

those of any estimator from complete likelihood (Cox, 1975; Anderson and Gill, 1982).

The asymptomatic theory of maximum likelihood estimation requires that the likelihood

function satisfies some ‘“regularity conditions” which are met in most applications. The

regression coefficients B are estimated by the values [§ which maximize the partial likelihood

L(ﬁ) or equivalently its logarithm LL(ﬁ) :

LLB) = Z{BX ; —IH{ZCXp(B'Xi):I}:ilj )

j ieR;

Where /; is the contribution of the log-likelihood corresponding to the failure timez ;. The

-
values ﬁz(,Bl,..., ,BK) are obtained by equating to zero the K first derivatives of log

likelihood function with respect to S, (k =1,..., K).

The partial likelihood (4.8) has been written for t as a continuous variable. However, even
when t is continuous in theory, tied observations may occur in the practice because of the
measurement units of time. Provided that ties are few in the number, it is possible to deal
satisfactorily with the problem by modifying the likelihood (4.8). The approach which is
routinely used is the one proposed by Peto in the discussion of Cox’s paper (1972) and

Breslow (1974) as cited in Marubini and Valsecchi (1995). Let d; be the number of failures

observed at time 7, and S, be the sum of the covariate vectors of the d; subjects who fail.
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The logarithm of the partial likelihood is written as if the d; failures occurred in any order

and ignoring the fact that the risk set should successively be administered by one subject at

each failure. It is

LLB)= Y 1B'S, ~d, 0] Y exp(BX,) [ {=D 1, oo (%)

zeRj

And LL(P) (**) reduces to (*) when no ties are present (d ;=1 and Sj =X).

In this study to estimate survival function we will use the non-parametric Kaplan-Meier or
product limit estimation method and for comparisons of survival estimates the Log-Rank and
Generalized-Wilcoxon test will be considered. Moreover, to investigate the effect of factors or
covariates on the time to an event in the follow-up study, we consider the Cox’s proportional
hazards regression model. For the analysis, we use the application of different software

packages such as SAS 9.2, STATA 10 and SPSS 15.

4.4. Model Building or model development

In performing proportional hazards regression analysis for survival data requires a number of
critical decisions. It is likely that we will have data on more covariates than we can
reasonably expect to include in the model, so we must decide on a method to select a subset
of the total number of covariates. When selecting a subset of the covariates, we must consider

such issues as clinical importance and statistical significance.

Before any model could be fitted, it is a statistical tradition to investigate which variable(s)
goes into the model by using conventional selection procedure. The methods available to
select a subset of the covariates to include in a proportional hazards regression model are
essentially the same as those used in the other regression models, like purposeful selection,

stepwise (forward selection and backward elimination) and best subsets selection.

In this study, model building starts from univariate analysis as suggested by Collet (1994),
Collect recommended the approach of first doing a univariate analysis to “screen" out
potentially significant variables for consideration in the multivariate model in order to identify
the importance of each predictor. All variables that are significant at 25% level, the modest
level of significance for bivariate regression from one explanatory univariate regression

model are taken into multivariable model where backward selection approach is used with
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10% significant level of stay in the model. Variables that are selected at this stage are taken to
stage three of the analysis where variables that are not significant in stage one are added one
at a time and forward selection procedure is used with 5% significant level of entry into the
model. The fourth stage involves combination of all variables that are significant at stage
three in addition with their possible interactions using stepwise selection procedure with 10%
significant level of entry and stay in the model and if the interaction is significant, but not the
main effect of the covariate, we include both the interaction and the main effect in the final
model even if the main effect is not significant. According to the Hierarchic principle, if a
model contains interaction terms, the corresponding lower order terms should also be
included in the model. The final variables selected at this stage are then pruned to have the

final model.

4.5 Assessment of Model Adequacy

Model-based inferences depend completely on the fitted statistical model. For these
inferences to be “valid” in any sense of the word, the fitted model must provide an adequate
summary of the data upon which it is based. Some of the methods for the assessment of a
fitted proportional hazards model can equally used for parametric regression models. There

are basically four requirements for model adequacy considered in this study. They are:

(1) Methods for testing the assumption of proportional hazards. The proportional hazards
assumption is vital to the interpretation and use of a fitted proportional hazards model. This is
an assessment of how extent the two curves are equidistant over time. The proportional
hazards model has a log-hazards functional form given by.

In[a(r, X, )]=In [, )]+ X'B --- (4.9)

This function has two parts, the log of the baseline hazard function ln[h0 (t)] and the linear

predictor, X'B.

There are, effectively, an infinite number of ways the model in (4.9) can be changed to yield
non-proportional hazard function or log hazard functions that are not equidistant. As a result,
a large number of tests and procedures have been proposed. However, recent development
work by Grambsch and Therneau (1994) and simulation comparison by Ng’andu (1997) have
shown that one easily performed test and associated graph yield a powerful and effective

method for the examining this critical assumption.
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This formal test is used to detect any time dependency in particular covariates, after allowing
for the effects of explanatory variables that are known. Time-dependent covariates are
covariates whose values change over time generated by creating interactions of the predictors
and a function of survival time (time, or log ()) and this can be added, to examine the
assumption of proportional hazards in Cox regression model. Kleinbaum (1996) suggests that
if any of the time dependent covariates are significant then those predictors are not
proportional and this indicates a violation of the proportionality assumption for that specific
predictor Grambsch and Therneau (1994) consider an alternative to the model in (4.9),
originally proposed by Schoenfeld (1982) that has the following form of time varying

coefficient:

ﬁj (t):,Bj+ 7jgj(t) TTTTTTTTTTTTTTTT T (410)
Where g ;(7) a specified function of time and y; is the coefficient or slope of the equation.

When g ;(7) = In(z) , equation (4.10) reduces to the expression in equation (4.11).

ﬁj (I)Xj:,Bij—i' }/ij ln(t) TTTTTTTTTTTTTTTT T (411)

The rationale for this model is that the effect a covariate may change over the period of
follow-up. To test the Cox proportional assumption holds or not we test whether the

coefficient y; is zero or different from zero: if it is different from zero the proportional

assumption fails to hold but if it not significant then the assumption is satisfied. Another
method of testing the validity of the Cox proportionality assumption is to plot the scaled
schoenfeld residuals against the log of time and, if this plot shows some trend the assumption
is violated, where as if the plot demonstrates randomly distributed around the reference line

then the assumption is satisfied.

(i1) Goodness-of-fit: as in all regression analyses, some measures analogous to R’ may be of
interest to measure model performance. Cox and Snell (1989) proposed model assessment

using R’ similar to the one used in linear regression which is given by:

R*=1-exp l%(LLO ~LL) | - (4.12)
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Where LL,is the (partial) log likelihood for zero model or without covariates, LL 5 is the log

likelihood including covariates, n is the number of subjects included in the study. To check
the measure of goodness of fit for the final model in addition to R* we use tests like: the

partial likelihood ratio, Wald and Score tests.

The partial likelihood ratio (LR) test: to use this we need to fit both the unrestricted and the
restricted models. We shall obtain the value of the log-partial likelihood function LL, ([§) in
the unrestricted model and LL,(B=0) when the model imposes the restrictions under H,,.

The test statistic for H, is based on the difference of the log-likelihood values. Under H ,,

the statistic is asymptotically distributed as x> with a number P degrees of freedom.

0, =2[LL,(B)-LLO)] ~ 7*(P)

The Wald test: this requires fitting the unrestricted model, and is based on the partial
likelihood estimator ﬁ . The test statistic is

Qw=B1,, BB ~ 2 (P)
The quadratic form of the above equation requires the inverse of the variance-covariance

estimates corresponding to the P parameters in H, matrix [, and, under H, is

asymptotically distributed as > with P degrees of freedom.

The Score test: this test is performed after fitting the restricted model and obtaining

LL(P=0). It is based on the gradient of this function at =0 i.e, on the score vector of P

components.
Qs=Up, 1, (OUy, ~ 2°(P)
Where 1 po_l(.) indicates the matrix of dimension pXp, extracted from the inverse of the

observed information matrix evaluated at =0 and U, is the score function under H,. It

has approximately a y* distribution with P degrees of freedom.
(ii1) Subject-specific diagnostic statistics that extends the notions of leverage and influence to

the proportional hazards model and

(iv) Testing for linearity of the covariates in Cox-Proportional regression model.
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Under the proportional hazards model, residuals play a central role in evaluating the model
assessment and adequacy of item (iii) and (iv) above. The following residual diagnostics are
considered in assessing model adequacy in this study. The first and most important one is the
scaled (weighted) Schoenfeld residuals which are useful to check the proportionality of the
covariates over time that is to check the validity of the proportional hazards assumption. If the
model fits well then the residuals are randomly distributed without any systematic pattern

around the zero line, reference line.

The second one is the score residual which is a weighted average of the distance of the value,
Xjj, to the risk set means, Xy, with the weights taken as the change in the martingale
residual, that is used in assessing subject-specific diagnostic or the influential subjects by
observing how large the deviation is. The larger the deviation the more distant the residual is
to the mean. The plot of the score residuals looks like a basic hourglass shape, fanning out

from its narrowest point at approximately the mean of the covariate.

The third one, which is used to check the linearity of the covariates to be included in the
model, is the Martingale residuals. Although Martingale residuals share many of the
properties possessed by residuals encountered in other situations, such as in linear regression
analysis, they are not symmetrically distributed about zero, even when the fitted model is

correct. The skewness makes plots based on the residuals difficult to interpret.

4.6 Covariate adjusted survival curves

Cox's proportional hazards regression model is a useful statistical tool for the analysis of
survival data from longitudinal studies. This multivariate method compares the survival
experience between two or more exposure groups while allowing for simultaneous adjustment
of confounding due to one or more covariates. In addition, to the summary regression
statistics, further insight on the exposure response relationship can be gained by visually
examining the covariates—adjusted survival curves in the respective comparison groups.
Covariates—adjusted survival curves are usually computed by the average covariate method
which is given above in equation 4.7. Detailed discussion is found in Hosmer and Lemeshow

(1998) among others.
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CHAPTER FIVE
STATISTICAL DATA ANALYSIS AND DISCUSSION

5.1 Introduction

The data comprised of 723 patients who were enrolled in ART delivery programme at
Zewditu memorial hospital but interrupted their treatment for at least 3 months. The outcome
response is time to treatment resumption. Among the patients 67.1% (487) resumed their
treatment and the rest 32.9% (236) were dead and loss to follow-up from the cohort study.
The median time to resumption of treatment is estimated to be 377 days with interquartile
range (IQR) of (361 - 393) days. In ART-delivery programme in ZMH, Table 5.1 shows that
32.9% of 723 patients were dead or lost to follow-up from the cohort study. The percentage of

patients that are dead and lost to follow up is less than the patients that resume to treatment.

5.1.1 Descriptive Statistics

Summary results for socio-demographic variables included in this study are discussed below.
Table 5.1 displays the summary statistics for categorical variables. The minimum and
maximum ages for male and female patients in this study are respectively 18 and 60 years.
The median age for female patients is 31 years and that of male is 38 years. Similarly, the
mean age for females is 33.80 years with standard deviation of 0.473 and that of male is 39.43

with a standard deviation of 0.557.

The average CD4 count at the start of treatment for male is 123.36, with a maximum of 296,
while female’s average CD4 count is 130.31 with a maximum of 315. In addition the CD4
count prior to the interruption for both sexes increases as a result of treatment with HAART
and attained up to the a maximum CD4 count of 598 by female patients and 586 by male
patients. When we consider the median duration of follow-up for patients with treatment
resumption is 245 days with IQR (175 - 394) days and for those who did not resume is 280
days with IQR (194 - 486) days. (Table Al.1, Annex 1).

40



Survival analysis of time to treatment resumption for Chronic HIV-1 patients interrupting HAART

Table 5.1: Summary results of different socio-demographic variables of chronic HIV-1

patients with and without HAART resumption for the data from ZMH

Demographic variables Patients Patients with Total n(%)
without HAART
HAART resumption
resumption n(%)
n(%)
Female
Sex 135(18.67) 265(36.65)  400(55.33)
Male
101(13.97) 222(30.7)  323(44.67)
Currently
Marital ~Married 87(12.03) 170(23.51)  257(35.54)
status  Cyrrenly
not married 149(20.61) 317(43.85)  466(64.45)
No
Level of  education 45(6.22) 105(14.53)  150(20.75)
education Primary
education 78(10.79) 150(20.75)  228(31.54)
Secondary
education
and above 113(15.63) 232(32.09)  345(47.72)
Orthodox
Religion 132(18.26) 220(30.43)  352(48.69)
Muslim and
others 104(14.38) 267(36.93) 371(51.31)

As can be seen in Table 5.1 female interrupters (55.33%) are slightly more than that of males
(44.67%) while 66% of female patients and 69% of male patients resume back to treatment.
Patients with no education in the level of education group interrupt their treatment less (about
20.75%) compared to patients who have primary (31.54%) or secondary and above (47.72%)

level of education.

Patients who are currently unmarried interrupt treatment more than that of currently married,
that is, the number of patients who are currently unmarried and who interrupt their treatment
is about 64.45%, more than currently married patients. From the currently unmarried patients

43.85% of them resume the therapy. In addition, comparing patients with respect to their
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religion, patients from Orthodox religion interrupt treatment slightly less as compared to the
Muslims and others. But, patients from Orthodox religion who did not resume to therapy
(about 37.5%) are greater than patients from Muslims and others group (28%). Next, we
discuss whether the observed differences using descriptive measures are statistically

significant or not with the help of Kaplan-Meier survival estimates and the log rank test.

Plots of Kaplan-Meier survival estimates displayed in Figure B2.2, Annex 2 can be used for
visual comparison of the survival experience of the HIV-1 patients on HAART interruption
and resumption based on the various categories of socio-demographic characteristics.
Moreover, Log-rank test of equality across categories is used to explore whether the
difference in survival experience is significant or not. The results of the test with a modest
level of significance will help to screen out the categorical variables for inclusion in the

multivariable model.

5.1.2 Comparison of survival experience by socio-demographic variables

In order to investigate if there is significant difference between the time to resumption to
treatment by gender, Kaplan-Meier survivor estimates for the two gender groups are plotted in
Figure B2.2, Annex 2. This figure shows that the curves are not much different from each
other indicating that the time to treatment resumption for the male and female patients may
not be different significantly. Statistical test of significance is made by using log-rank test
(Table 5.2) and this shows that there is no statistical significant difference between male and
female patients with respect to time to treatment resumption (Chi-square = 0.1, d.f.=1, p-value
= (0.3957). The median survival time for time to treatment resumption of female patients who

interrupt their therapy is 381 days and for male patients is 367 days.

Similar analysis is performed to investigate difference in the time to treatment resumption
among patients with respect to marital status: currently not married and currently married.
Observation from the Kaplan-Meier curves in Figure B2.2, Annex2 show that the curves
overlap each other indicating that time to resumption to treatment may be the same for these
groups. Log-rank test (Table 5.2) shows that there is no evidence against the null hypothesis
of no difference in the time to treatment resumption with Chi-square value of 1.61 at 1

degrees of freedom (p-value = 0.2042).
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Table 5.2.The Log-rank test for the comparison of survival experience on chronic HIV-1

patients at ZMH using socio-demographic variables

Categorical Chi- Df. Sig.
covariates Square
Sex 0.72 1 0.3957
Marital Status 1.61 1 0.2042
Level of
education 2.68 2 0.2615
Religion 1.21 1 0.2707

Df.- degree of freedom

The other categorical variable included in the study is level of education of the patients. As
the result depicts that there is no statistical significant difference in the time to treatment
resumption among the different levels of educational status attained by the patients: no
education, primary and secondary or above. In addition, religion of the patient has no any
significant impact on the difference in the survival times of patients’ interrupted and resumed

to treatment.

5.2. Survival experience with respect to the continuous covariates

Considering the continuous covariates first we reported the median values of each continuous
covariate as follows. The median duration of follow up for treatment is 256 days with IQR
(180 - 409), similarly the median CD4 count of patients interrupting their therapy when
enrolled in the follow up for the first time (CD4 at the start of HAART) is 119 cells/ul IQR
(76 - 178) where as their CD4 count at the end of follow up and at the start of interruption
(CD4 prior to interruption) is 199 cells/ul IQR (121 - 272) (Table Al.1, Annex1).

We next used Cox proportional hazards model to assess the relationship between each
covariates and time to treatment resumption. In handling ties in the covariates, Breslow’s
method is adopted in case there may be many tied failure time. Table 5.3 shows the result of

the univariate analysis along with the contribution to the likelihood function -2 log likelihood
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(-2LOGL), and p-values. As can be seen from Table 5.3, covariates like religion, weight of
the patient, duration of disease and duration of follow-up are statistically significant (P <

0.05).

Some of the covariates to be included in the multiple covariates model to investigate the joint
effect of covariates on time to resumption of treatment. Using a modest level of significance
of 25% to include potential covariates, from the categorical variables presented in Table 5.3
religion, marital status and education and from the continuous covariates presented in the
same Table 5.3 age of the patient, weight of the patient, the CD4 count at the start of
treatment, disease duration and duration of follow-up are chosen to be included in the
multiple covariates model for further investigation. In addition, the other categorical and
continuous covariates sex and CD4 prior to interruption are purposefully retained even though

they have large P-values.

Table 5.3: Single covariate analysis of Cox proportional hazards on time to resumption of

treatment for chronic HIV-1 patients who interrupt their HAART at ZMH

Parameter Standard Pr> Chi Hazard

Parameter DF Estimate Error Sq Ratio 95% Clfor HR -2 LOG

Sex (F) 1 -0.0776 0.0913 0.3952 0.925 0.7736  1.1067 5193.92
™M) 0 . . . e

Marital (married) 1 -0.1214 0.0959 0.2057 0.886 0.7340 1.0689 5193.015
(not married) o . .. e e

Level educ (no education) 1 0.1915 0.1185 0.1063 1.211 09510 1.5277 5192.017
(Primary) 1 0.0834 0.1054 0.429 1.087 0.8841 1.3364
(Secondary and above) 0 . . . B

Religion (Orthodox) 1 -0.2405 0.1107 0.0298 0.786 0.6329 0.9767 5190.124
(Others) 0 . . . e

Age 1 -0.717 0.457 0.1168 0.993 0.1993 1.1957 5192.144

Weight 1 0.1643 0.0539 0.0023 1.017 1.0604 1.3099 5185.394

CD4 at the start of HAART 1 0.0959 0.0698 0.1694 1.001 09599 1.2619 5192771

CD4 prior to interruption 1 0.2587 0.4549 0.5695 1.2952  0.5310 3.1592 5194.315

Disease duration 1 0.140 0.0209  <0.0001 1.1503 1.1041 1.1983 5153325

Duration of follow-up 1 0.116 0.0202  <0.0001 1.1229  1.0794 1.1683 5166.599
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5.3 Multiple covariates analysis

The problem with any single covariate analysis approach is that it ignores the possibility that
a collection of covariates, each of which is weakly associated with the outcome, can become
an important predictor of the outcome variable biologically or clinically when taken with the
other covariates together. The results of the multiple covariates Cox proportional hazards

model for all covariates is displayed in Table 5.4.

Table 5.4: The parameter estimates, standard errors and the hazard ratios of the Cox-

proportional hazards model for chronic HIV-1 patients interrupting their HAART at ZMH

Parameter Standard Chi- Hazard
Parameter DF ) Pr > ChiSq . 95% CI for HR
Estimate Error Square Ratio
Sex F) 1 -0.0926 0.1010 0.8409 0.3591 09116 0.7479 1.1110
™M) 0 . . . . 1
Marital ( married) 1 -0.0489 0.0991 0.2435 0.6217 0.9523 0.7841 1.1565
(not married) 0 . . . . 1
Leveduc (no education) 1 0.2556 0.1232 4.2996 0.0381 1.2912 1.0141 1.6439
(primary) 1 0.0676 0.1071 0.3989 0.5277 1.0700 0.8674 1.3198
(Secondary and above) 0 . . . . | e
Religion (orthodox) 1 -0.0352 0.0942 0.1399 0.7084 0.9654 0.8026 1.1611
( others) 0 . . . . 1 e e
Age 1 -0.1044 0.0509 4.2057 0.0403 0.9009 0.8153 0.9954
Weight 1 0.1418 0.0581 5.9507 0.0147 1.1523 1.0283 1.2913
CD4 at the start of HAART 1 0.260 0.0936 7.7054 0.0055 1.2969 1.0796 1.5580
CD4 prior to interruption 1 -0.234 0.0710 10.8769 0.0010 0.7914 0.6886 0.9094
Disease duration 1 0.106 0.0227 21.6354 <0.0001 1.1118 1.0634 1.1624
Duration of follow-up 1 0.130 0.0267 23.5670 <0.0001 1.1388 1.0807 1.2001

In addition, interaction terms which have feasible, meaningful interpretations and statistically
significant effects on the time to treatment resumption at 5% level of significance are
considered and were incorporated in to the model. The preliminary final model with the
plausible interaction and main effects that are significant at 5% level are presented in Table

5.5.
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Table 5.5: The parameter estimates, standard errors and the hazard ratios of the Cox-

proportional hazards model including the interaction terms for chronic HIV-1 patients

interrupting their HAART at ZMH

Parameter Standard Chi- . Hazard
Parameter DF ] Pr > ChiSq ] 95% CI for HR
Estimate Error Square Ratio

Sex 1 0.3973 0.2677  2.2027 0.1378 1.4878 0.8803 2.5145
Level of educ (no

educ) 1 0.2339 0.1149  4.1445 0.0418 1.2635 1.0087 1.5826
Marital status 1 -0.1191 0.1307 0.8313 0.3619 0.8877 0.6871 1.1468
Age 1 -0.1362 0.0529  6.6309 0.010 0.8727 0.7867 0.9680
Weight 1 0.1707 0.0583  8.5684 0.0034 1.1861 1.0581 1.3297
CD#4 at start of HAART 1 0.237 0.0946  6.2869 0.0122 1.2674 1.0529 1.5257
CD4 prior to interruption 1 -0.234 0.0703 11.1159 0.0009 0.7914 0.6895 0.9083
Disease duration 1 -0.444 0.6054 0.538 0.4633 0.6415 0.1958 2.1013
Duration of follow-up 1 0.138 0.0265 27.1041 <0.0001 1.1480 1.0899 1.2091
Sex*Marital status 1 -0.0549 0.0249  4.8593 0.0275 0.9466 0.9016 0.9939
Disease dur*Marital 1 0.0722 0.0261 7.6278 0.0057 1.0748 1.0211 1.1314

5.4 Model diagnostics

After arriving at the most parsimonious preliminary final model, the next step and most
important in statistical analysis is to diagnose the fit of the model. As in the case for a linear
or generalized linear model, it is desirable to determine whether a fitted Cox regression model
adequately describes the data. In this study, four kinds of diagnostics: for violation of the
assumption of proportional hazards; for outliers and influential observations; for goodness-of-
fit using R*and for nonlinearity in the relationship between the log hazard and the covariates

are discussed below.

5.4.1 Checking the linearity of covariates in the model

In order to assess the linearity assumption on the part of the covariates, we plot martingale
residuals compared by excluding the covariate to be checked for linearity against the values of
the covariate. The scatter plots or the smoothed curve using lowess can be used to check the
linearity assumption. As can be seen from the plots in Figure C3.1 (Annex 3), there is no
definite pattern in the scatter plots and the smoothed curve is almost a horizontal line through

the origin. These are indicators of approximately linearity in the covariates. Thus, there are no
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signs of nonlinearity in all of the continuous covariates indicating that the assumption of

linearity is more or less fulfilled by all the covariates.

5.4.2 Checking the proportionality of covariates in the model

One of the main assumptions of the Cox proportional hazard model is proportionality of
hazards. The adequacy of the preliminary final model is checked for the validity of
proportional hazards assumption using test based on the interaction of the covariates with the
log of time and also using the plot of the scaled schoenfeld residuals. The formal test applied
to the model presented in Table 5.6 shows that the time-dependent covariates (interaction of
covariates with logarithm of time) were not significant and the global fit test also shows that
all the covariates were not significant which justifies the PH assumption holds at 5% level of
significance. The plot of the scaled schoenfeld in Figure C3.2 (Annex 3) depicts that the
residuals are random without any systematic pattern and the smoothed plot looks straight line
without any departure from the horizontal line. This also implies that there is no violation of

proportional hazards assumption.

Table 5.6: Statistical test for proportional hazards assumption (PH) of the covariates and their
interaction with log of time (duration of interruption), for the data in chronic HIV-1 patients

who interrupt their therapy at ZMH.

D Parameter Standard Chi- i Hazard
Parameter ) Pr > ChiSq )
F Estimate Error Square Ratio
Age 1 0.0250 0.0368 0.4602 0.4975 1.0253
Sex 1 -1.1679 0.7822 2.2294 0.1354  0.3110
Marital status 1 -0.6797 0.4812 1.9952 0.1578  0.5068
Level of educl 1 -0.9630 0.8514 1.2793 0.258  0.3818
Weight 1 0.0316 0.0402 0.6158 0.4326 1.0321
CD4 at start of HAART 1 0.0391 0.0628 0.3872 0.5338 1.0399
CD4 prior to interruption 1 -0.223 0.419 0.2823 0.5952  0.8001
Disease duration 1 0.0525 0.16 0.107 0.7436 1.0539
Duration of follow-up 1 0.0308 0.0144 4.5978 0.032 1.0313
Marital Status *Sex 1 -0.1071 0.1215 0.7767 0.3782  0.8985
Disease duration *Marital 1 0.0718 0.0271 7.0459 0.0079 1.0744
Age*Int 1 -0.0718 0.066 1.1845 0.2764  0.9307
Sex*Int 1 -0.0199 0.0689 0.0835 0.7726  0.9803
Marital status*Int 1 0.0982 0.0796 1.521 0.2175 1.1032
Level of educl*Int 1 0.2182 0.1521 2.0583 0.1514 1.2439
Weight*Int 1 -0.253 0.72 0.1233 0.7255  0.7765
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CD4 at start HAART*Int 1 -0.0326 0.113 0.0828 0.7735 0.9679
CD#4 prior to interruption*Int | -0.0145 0.7867 0.0003 0.9853 0.9856
Disease duration*Int 1 -0.1713 0.2648 0.4184 0.5177 0.8426
Duration of follow-up*Int -0.033 0.0277 1.4194 0.2335  0.9675
Wald
Label Chi- DF Pr> ChiSq
Square
Proportionality test 9.6535 9 0.3793

5.4.3 Checking for influential and outlier observations

Furthermore, a thorough evaluation of regression diagnostic statistic to identify, if any,
subjects that have undue influence on the estimates of the Cox regression parameters, or have
an unusual configuration of the covariates, or have an unexpected influence on the fit of the
model is carried out using score residuals. Leverages, similar to what is obtained in linear and
logistic regression, are also adapted into proportional hazards regression through the score
residuals, to examine if there are subjects with undue influence on the fit. This is done
through the plots shown for each covariate included in the model. This plot compares the
magnitudes of the largest covariate values, it may be positive or negative, to the mean of the
covariate, as we can see from the plot it appears like a fan shape. If the plot fans out from the
narrow point that is approximately from the mean of the covariate then it suggests that none
of the observations is terribly influential in the study. As can be observed in Figure C3.3
(Annex 3) some patients have a large spike and these patients are suspected to have undue
influence on the parameter estimates. To check their influence the suspected subjects were
removed one at a time and model is refitted. There were no large change in the model
estimates and hence these patients are not as such influential outliers and then retained in the

final model.

5.4.4 Goodness of fit

One method of checking goodness of fit of the model is to use R*. In proportional hazards
regression model as in all regression analyses there is no single, simple method of calculating
and interpreting R*, because in Cox proportional hazards model, R>depends on the
proportion of the censored observations in the data. A perfectly adequate model may have

what, at face value, seems like a terribly low R’ due to high percent of censored data (Hosmer
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and Lemeshow, 1998). Therefore, for the model fitted in this study the value of R? is

l_eXPl%zg(S 102.406—5194.365)]2 0.1194. In addition, results of the Likelihood Ratio,

Score and Wald tests for model goodness of fit displayed in Table 5.7, suggests that model is

good fit, i.e. significant at 5% level of significance.

Table 5.7: The Likelihood Ratio, Score and Wald tests for overall measures of goodness of fit

of the final model

Test Chi-Square DF Pr > ChiSq
Likelihood Ratio 92.2296 11 <.0001
Score 103.4609 11 <.0001
Wald 101.4117 11 <.0001

5.5 Interpretation and Discussion of the results

We present the results of a retrospective cohort study dealing with the interruption and
resumption of Highly Active Antiretroviral Therapy (HAART) in chronic HIV-1 infected

patients with age greater than 18 years.

This study tries to look the rate at which patients resume to treatment follow-up over time, the
determinant predictive factors on the time to resumption in patients interrupting their
HAART. The survival experience of patients in the different categories of demographic
variables is estimated using the Kaplan-Meier method and compared using log rank test. The

predictive factors for resumption were assessed using the Cox proportional hazard models.

In this study about 67% (487) patients resumed their HAART after at least three months of
treatment interruption and about 33% (236) patients remained without resuming to their
therapy which are censored observations. Even though, 487 of the patients restarted Highly
Active Antiretroviral treatment (HAART), due to a lack and absence of information on
structured treatment interruption in HIV-infected patients, the results we present can only be

compared to those who did not resume to treatment.

The Cox’s PH model fitted using complete case analysis found six main effects and two
interactions that are statistically significantly associated with the hazard of having treatment

resumption. The six main effects are education, baseline age, baseline weight, CD4 count at
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the start of treatment, CD4 count prior to treatment interruption and duration of follow-up.
The two interaction terms are between marital status and disease duration i.e., the interaction
between a continuous and a dichotomous and between sex and marital status which is
interaction between two dichotomous covariates. The fitted model satisfy the assumption of
proportional hazards as assessed through plots of scaled schoenfeld residual and the tests

based on the interaction of covariates with log of time.

The Cox regression coefficients in the final model are interpreted as follows. The first factor
which affects time to treatment resumption is the level of education of the patient. The hazard
rate of time to resumption for Patients who have no education is about 26% higher than for
patients who have secondary or above education (HR 1.264, P=0.0418, CI 1.0087, 1.5826)
after adjusting for other covariates. The confidence interval indicates that the rate could
actually be as much as 58% higher than or as little as 1% higher. The baseline age at the start
of treatment decreases the hazard of time to resumption by 13% (HR 0.8727, P< 0.010, CI
0.7867, 0.9680) adjusting for other effects in the model. That is for every one year increase in
the baseline age of patients, the hazard rate decreases by 13% controlling the effects of all
other covariates in the model. The 95% confidence interval suggests that the rate could be as
much as 21 percent lower up to 3 percent lower. Weight is the other covariate which has a
significant impact on the time to treatment resumption and increases the hazard of time to
treatment resumption by 19% (HR 1.1861, P=0.0034, CI 1.0529, 1.5257). The confidence
interval indicates that for one kg increases in weight the hazard rate could increase as much as

52% or as little as 5%.

Similarly, when we consider the immunological factors that have impact on the time to
treatment resumption are the following: CD4 count at starting of HAART increases the
hazards of treatment resumption by 27% (HR 1.2674, P=0.0122, CI 1.0529, 1.5257) that is,
by 27% when adjusting for other effects in the model for patient with a unit increase in CD4
at starting HAART. The 95 percent confidence suggests that an increased rate of reinitiation
to treatment as high as 52% and as lower as 5%. Moreover, CD4 count prior to treatment
interruption decreases the hazard of time to resumption by 21%, HR = 0.7914 (P=0.0009, CI
0.6895, 0.9083). The confidence interval shows that the rate may goes down to 31% and to
9% down. Also, the duration of treatment follow-up increases the hazards of having
resumption to treatment increases by a factor HR 1.1480 (P<0.0001, CI 1.0899, 1.2091), that

is, it increases by 14% for a patient with a unit increase in the duration of follow-up adjusting

50



Survival analysis of time to treatment resumption for Chronic HIV-1 patients interrupting HAART

for other covariates. The 95 percent confidence interval indicates that the hazard rate of

treatment resumption tends to a maximum of 20 percent and a minimum of 8 percent.

From the result we found that as the duration of treatment follow up increases, patients tend to
interrupt for a longer period of time i.e., the time to treatment resumption will become longer.
The reason is that because of the effect of drug toxicity, drug-drug and/or drug-food
interactions, adverse ART drug reactions and in some patents drug resistant viruses are the
causes for longer time to treatment resumption. Similarly, as the weight increases the time to
treatment reinitiation for patients interrupting their HAART also increases. Due to
improvement in the weight, health condition and suppression of the plasma viral load of
HIV-1 patients on HAART follow-up, these patients feel as they are safe and went for
prolong time to resumption of HAART. The other one is CD4 count prior to treatment
interruption decreases the period of treatment reinitiation after suspension of HAART. This is
because of the incidence of opportunistic infections such as Kaposi’s sarcoma, pulmonary TB,
bacterial pneumonia are some of the Ols and in addition to these OIs rebound of drug resistant

viraemia are the cause for early reinitiation of HAART.

Finally, we consider the interaction of covariates which have a significant impact on the time
to treatment resumption; one of these interaction terms is the interaction between duration of
disease and marital status. Since marital status is categorized into two as currently married
and not currently married, we present the hazard ratios for disease duration at each group of
marital status. So, the interaction term reduces the rate of hazards to treatment resumption by
36% in married patients as the disease duration increases by one day. Whereas, the hazard of
treatment resumption for patients who are currently not married, reduced by 31% for a one
day increase in disease duration. Hence, as the duration of disease increases, currently married
patients resumed treatment at slightly higher rate than currently not married patients. The
other one is the interaction between the two dichotomous covariates sex and marital status.
Similarly, the result suggests that the hazard rate differs between male and female patients at
each group of marital status. That is, currently unmarried female patients resume to treatment
at a rate that is about 49% higher than currently unmarried male patients. Whereas currently
married female patients reinitiate their treatment at higher rate than male married patients

(about 41% higher).
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5.6 Covariate adjusted survival curves
The covariate adjusted survival curves based on marital is presented in Figure 5.1 below. The
figure suggests that the survival experience of currently married patients after adjusted for the

covariates is slightly better than currently unmarried patients.

Figure 5.1: Graph of the covariate adjusted survivorship functions for the marital status

computed from the final model in Table 5.6

Covariate-Adjusted Survival Curves

Survival Probability

martst=1 — — — marist=2
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CHAPTER SIX
CONCLUSIONS AND RECOMMENDATIONS

6.1 Conclusions

Due to the unforgiving nature of the virus, HAART is complex and requires a high level of
diligence and endurance. If the prescribed treatment is not accurately adhered to, several very
bad consequences result. It is understood that duration of treatment interruption allows HIV to
rebound and overwhelm the immune system. With these physiological defenses impaired,
other pathogens can thrive and cause severe deterioration of the individual’s health,
eventually leading to death if left untreated. In addition to showing how it is a detriment to the
patient, this paper discussed how the outcome of drug holiday affects the patients time to
resumption of treatment. Poor adherence negates this preventative effect of HAART by
allowing the re-escalation of viral concentrations. In addition, treatment interruption may
result in the development of drug-resistant strains of HIV that poses an intense and

unrelenting threat to public health worldwide.

In other words, resistance is directly correlated with interruption of treatment and may be the
direst consequence of improper medication compliance. In this study, the median time to
treatment resumption or duration of interruption is estimated to be around 377 days using
Kaplan-Meier survivorship estimation. The full impact of the consequences of treatment
interruption can not be predicted with any assurance, but in every scenario, the outlook is
grave. For these reasons, special attention must be paid to the challenges affecting HAART
discontinuation to insure the best possible outcome for the patient and avoid the deterioration

of HIV/AIDS healthcare.

Since continuous follow-up to HAART is difficult even under the most ideal circumstances;
unfortunately, the majority of people infected with HIV live in the most resource-constrained
and underserved regions in the world. Clinical/immunological factors play a primary role in
the maintenance of HAART. This study highlighted how the physiological and
immunological factors influence a patient’s inclination to stop and resume HAART. That is,
the study identified education, baseline age, baseline weight, CD4 count at the start of

treatment, CD4 prior to treatment interruption, duration of follow-up and the interactions
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between marital status and sex and marital status and disease duration are important factors

related to time to resumption of treatment.

The societal factors surrounding HAART resumption are tremendously diverse and complex.
None of these challenges can be dissected away and dealt with separately addressing the
discontinuation and resumption on HAART and this study is an attempt to jointly model and
investigate demographic and immunological factors on time to treatment resumption. As a
result, HIV/AIDS patients who interrupted their HAART took longer time to resume
treatment are characterized by having lower level of education, younger age, higher weight,
higher CD4 count at the start of HAART, lower CD4 count prior to treatment interruption,
longer duration of treatment follow-up, currently not married male patients at longer disease

duration.

6.2 Recommendations

In our country, the high prevalence and adherence of HIV/AIDS patients increases the need
and use of HAART. The government of Ethiopia has made an effort to establish an integrated
National ART Program to deliver free ARV drugs across the nation. Thus, the national and
international NGO’s are also providing the ARV drugs in different health institutions freely
for improving the quality of life of people living with HIV/AIDS (PLWHA) and mitigating
some of the impact of the epidemic. But in parallel with this, due to many reasons patients are
not taking HAART properly so that they encountered different HAART complications as
well. Inspite of the principle of “treatment to all” by the government there is poor quality of

implementation of this treatment because of poor compliance of the patients.

In order to know the causes of patients interrupted or stopped treatment, data on the HAART
interruption tracing visit should be provided in a proper and manageable form. Data could
then be analyzed based on the true outcome status of patients at the HAART tracing visit at
different health centres. Through this data of HAART tracing visit, the status of patients
found to be alive, dead and possible reasons for unsuccessful tracing could be known. Easy
assess to this information will go along way in tracing the causes of patients who stopped

treatment.

According to the results of this study the main predictive factors for the duration of treatment

interruption are more of the clinical variables. So, the clinicians are expected to perform the
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maximum efforts to change the behavior and attitude of patients taking HAART, i.e, changing

the behavior of patients towards use of ART medication should be given emphasis. The

following measures should be taken on drug supply management; patient’s proper use of

HAART and delivery of quality services to promote the well-being of HAART service users.

Since the ARV drugs treatment cause adverse effects on some patients because of long
duration of follow-up, it would be advisable for patients to interrupt their treatment
according to the principle of structured treatment interruption (STI) with continuous

assessment of clinical examination (CD4 and viral load count).

Moreover, for patients taking HAART, good clinical/immunological records like
increasing weight and higher CD4 count at the start of HAART do not mean that the
patient is “safe”, so continuous attendance is expected from the patient to improve
his/her quality of life and to reduce mortality due to stopping therapy, Since HAART

is a life long treatment.

As there was difficulty to collect data on patients who interrupt their HAART because
of incomplete addresses to trace back the interrupted patients and then to know their
status after interruption, it is suggested that a complete recode of addresses of patients

be properly compiled. Since this will help further studies to be conducted in this area.
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Annex 1: Descriptive measures of the continuous covariates
along with the status of patients

Table Al.l1: Descriptive Characteristics by Subsequent HAART Status of chronic HIV-1
patients with and without treatment resumption for the data at ZMH for the continuous
covariates

Status Continuous | Age Weight CDh4 CDh4 Disease Duration
covariates HAART | Labvalue || duration of
followup
Patients Mean 37.01 52.96 141.17 279.43 392.13 391.64
without
treatment St.Dev. 10.49 8.47 63.11 111.53 221.17 281.97
resumption
Minimum 18 35 16 51 114 92
Maximum 60 71 315 598 996 1552
1** quartile 28 46 95 205.5 224.5 193.5
2" quartile 35 53 135 261.5 313.5 280
3" quartile 44 59 187 343.5 514.5 485.5
Patients with || Mean 35.98 51.88 120.44 175.35 408.82 300.04
treatment
resumption St.Dev. 9.90 8.80 64.43 93.93 201.52 177.11
Minimum 18 34 22 20 98 89
Maximum 60 72 290 586 1060 1214
1** quartile 29 45 66 103 245 175
2" quartile 35 52 112 161 373 245
3" quartile 42 58 166 229 538 394
Total Mean 36.31 52.23 127.21 209.33 403.38 329.94
St.Dev. 10.09 8.70 64.69 111.24 208.14 220.10
Minimum 18 34 16 20 98 89
Maximum 60 72 315 598 1060 1552
1** quartile 29 46 76 121 240 180
2" quartile 35 52 119 199 353 256
3" quartile 42 59 178 272 532 409
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Annex 2: The Kaplan-Meier survival function estimates

Figure B2.1: Kaplan-Meier survival estimator of failure time and its
95% CI plot of chronic HIV-1 patients with treatment interruptions at
ZMH
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Figure B2.2: Kaplan Meier survivor estimates for categorical variables
(i.e. sex, marital status, level of education, religion, age, weight,
CD4HAART and CD4Labvalue) for chronic HIV-1 patients who interrupt
their actively antiretroviral treatment at ZMH
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Annex 3: Residuals used for model assessment

Figure C3.1: Plot of Martingale residuals against continuous variables to
check linearity for chronic HIV-1 patients who interrupt their actively
antiretroviral treatment at ZMH in Cox proportional hazards model

A) The plot of the martingale residuals
against the excluded covariate weight

B) The plot of the martingale residuals
against the excluded covariate age

C) The plot of the martingale residuals
against the excluded covariate
CD4Labvalue
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D) The plot of the martingale residuals against
the excluded covariate C D4HAART

E) The plot of martingale residuals against
the excluded covariate disease duration

F) The plot of martingale residuals against
the excluded covariate duration of follow-

up
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Figure C3.2: Plots of scaled Schoenfeld residuals against transformed
time for each covariate in Cox Proportional Hazards Model fit for

chronic HIV-1 patients who interrupt their active antiretroviral treatment
at ZMH

Running mean smoother Running mean smoother

.05

|
A
|

.05
I

0
|

-.05
1
scaled Schoenfeld - cd4haart
-.05 0
|

scaled Schoenfeld - durationoffollowup

1
I
1
I

T T T T T T
200 400 600 800 200 400 600 800

A) The plot of Scaled Schoenfeld residual D) The plot of Scaled Schoenfeld residual
for weight to check the validity of the PH for CDAHAART to check the validity of
assumption the PH assumption
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B) The plot of Scaled Schoenfeld residual
for Age to check the validity of the PH
assumption

E) The plot of Scaled Schoenfeld residual
for disease duration to check the validity of
the PH assumption
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C) The plot of Scaled Schoenfeld residual .
for CD4labvalue to check the validity of F) The plot of Scaled Schoenfeld residual

the PH » for duration of follow-up to check the
© assumption validity of the PH assumption
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G) The plot of Scaled Schoenfeld residual
for sex to check the validity of the PH
assumption
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H) The plot of Scaled Schoenfeld residual

for marital status to check the validity of
the PH assumption

scaled Schoenfeld - levelofeducation1

Running mean smoother

il : . ° '.1'.-?:’:".':;';{.Ft °

T T —
200 400 600 800
Time
banduwidth = .8

I) The plot of Scaled Schoenfeld residual
for no education to check the validity of
the PH assumption
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J) The plot of Scaled Schoenfeld residual
for sex and marital status to check the
validity of the PH assumption
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K) The plot of Scaled Schoenfeld residual
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check the validity of the PH assumption



Survival analysis of time to treatment resumption for Chronic HIV-1 patients interrupting HAART

Figure C3.3: Plots of score residuals for each covariate in Cox Proportional
Hazards Model fit for chronic HIV-1 patients who interrupt their active

antiretroviral treatment at ZMH

A) The Score residuals for weight to detect
the existence of influential observations

Score Residual for age
B0

.
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B) The Score residuals for age to detect the
existence of influential observations

C) The Score residuals for CD4Labvalue
to detect the existence of influential
observations

D) The score residuals for CD4HAART to
check for the existence of influential
observations

E) The score residuals for Disease duration
to check for the existence of influential
observations

F) The score residuals for Duration of
follow-up to check for the existence of
influential observations
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