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ABSTRACT OF THE DISSERTATION 

 

Assessment of Biological and Epidemiological Components of AIDS Associated Kaposi’s 

Sarcoma in the Multicenter AIDS Cohort Study:  

An Analysis of Serum Markers of Inflammation and Immune Activation in Cases of AIDS 

Associated Kaposi’s Sarcoma 

 

by 

 

Rachel Shoshanna Bolanos 

Doctor of Philosophy in Epidemiology 

University of California, Los Angeles, 2018 

Professor Roger Detels, Chair 

 

 The goal of this research was to examine the demographic, therapeutic and biological 

factors contributing to AIDS related Kaposi’s sarcoma (AIDS-KS) in men who have sex with 

men. This collection of three studies focuses on the effect of HIV medication, demographic 

factors, and inflammatory and immune activating biomarkers prior to diagnosis with AIDS-KS 

using data collected prospectively in the Multicenter AIDS Cohort Study (MACS) from 1984 to 

2009. The MACS includes over 7,000 men over the course of 30 years, which captures the 

dynamic nature of HIV-related illnesses throughout the epidemic. Subjects in the study 

participated in bi-annual visits over the course of over 30 years where they contributed data 
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including information on clinical, laboratory and behavioral data. Serum blood samples collected 

for over 1,800 men were used for an in-depth analysis of inflammatory and immune activating 

biomarkers using multiplex assays. 

 The studies were able to use this rich data source to do longitudinal analysis using Cox 

proportional hazards models to assess the effects of HIV medications and the concentrations of 

biomarkers preceding AIDS-KS diagnosis. In addition, a nested case control design with logistic 

and stepwise modeling was conducted to ensure the adequate accounting for all participants. In 

each of these models, demographic information including smoking, alcohol use, hepatitis B and 

C infection, race education, age and other relevant covariates were accounted for using the bi-

annually collected study information. The results of these studies indicate the benefit of HIV 

medication use in the context of HIV and human herpes virus 8 (HHV-8) coinfection, with added 

benefit appearing to come from combinations of these medications. Inflammatory biomarkers 

also held notable patterns prior to diagnosis with distinct depression of levels of IL-6 and sGP-

130 and an increase in IL-10 and sIL-2α indicating increased levels of inflammation and HHV-8 

lytic activity. These studies indicate the increased benefit of HIV medication use and increasing 

levels of viral activity and inflammation prior to AIDS-KS diagnosis, but the potential for 

temporal difference in therapy administration as well as inconsistent use and uncontrolled 

confounding should not be ignored. 
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History and Prevalence of HIV in the United States 

 The condition of severe immune depletion we now know as the acquired immune 

deficiency syndrome (AIDS) was first identified in the US in 1981, with the publication of five 

cases of Pneumocystis carinii pneumonia (PCP) and, later that year, an exposé of 41 cases 

Kaposi’s sarcoma in otherwise healthy gay men was published1. By the end of the year, there 

would be 270 reported cases. This would begin the largest infectious disease crises of the 

century, prompting a flurry of research, trials and social action.  

 Five years later the cause of the immune devastation was identified as the human 

immunodeficiency virus (HIV)1. HIV is a retrovirus that is transmitted via bodily fluids. HIV has 

two types, with type I having over 60 sub-types and is the predominant type in the US. HIV 

infects CD4+ immune cells, using the cell’s internal replication process to make copies of itself2. 

The HIV virus is highly effective at mutation due to the limited number of functional genes, 

making it incredibly difficult to target2. In addition, HIV can infect a cell and become dormant 

for an indeterminate amount of time and become reactivated later, posing a difficulty in both the 

body’s natural defenses and curative medicine2.   

After infection with HIV there is usually a short period of symptoms in the first four weeks 

including fever, rash, headache, general malaise, night sweats and fatigue3. These symptoms are 

common for many other infections and not unique to HIV infection and many HIV tests cannot 

detect these very recent infections, delaying treatment and identification of infection. The 

infection becomes generally asymptomatic as it slowly infects the immune cells in the gut and 

then proceeds to the rest of the body.  Generally, between 7-9 years after the initial infection 
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without treatment the immune system has been sufficiently depressed and opportunistic 

infections and conditions will begin to develop marking the progression to AIDS4.  

 In the US the HIV epidemic largely began in the men who have sex with men (MSM) 

population, creating fear and stigma that still hinder efforts in prevention and treatment1. The 

MSM population continues to make up the majority of new infections, with 70% of new 

infections in 2014 being among gay and bisexual men, but there have been increasing rates in 

both injection drug users (IDU) and heterosexual transmission, which accounted for 7% and 23% 

of new infections respectively5. The annual number of HIV diagnoses declined from 2011-2015 

by 5%, however there has been a shift in the racial and geographic distribution of new infections. 

African American and Hispanic/Latinos disproportionately are infected with HIV, with African 

Americans making up 44% of new infections and Hispanics making up 25%, while only 

representing 12% and 18% of the total US population respectively5. Additionally, the rates of 

infection are now highest in the Southern region of the US with 16.8 infections per 100,000 

people compared to the West with 10.2 infections per 100,000 people5. 

 

HIV Medications and Availability 

Currently, there is no cure and no vaccine for HIV. HIV infection can be prevented by a 

variety of methods for sexual transmission and good blood testing and handling practices. 

Effective medications, antiretrovirals (ART), are now available. The first of these medications, 

zidovudine (AZT) was approved by the FDA for use against HIV in March of 1990, which 

blocks the reverse transcriptase needed by HIV to replicate1, 6. Five years later, the FDA 

approved the first protease inhibitors (PI) and was followed by a non-nucleoside reverse 
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transcriptase inhibitor (NNRTI) to block HIV replication. Since then, multiple drugs, including 

fusion inhibitors, integrase inhibitors and CCR-5 antagonists have been developed and taken 

independently or in conjunction to fight HIV infections6. In addition to these HIV targeting 

drugs, often those infected with HIV will be prescribed prophylaxis for opportunistic infections6.   

From the first availability of AZT, this monotherapy was recommended as treatment for 

HIV. Even with this single drug, opportunistic infections fell by half in clinical trials7. Once 

available, combinations of the therapy (cART) showed even greater efficacy and in 1997, the 

first combination pill of amivudine and zidovudine because available6. By the early 2000’s 

combinations of three or more medications started on the market and were branded as highly 

active antiretroviral therapy (HAART). These medications are generally in the form of daily pill 

regimens. The availability of HIV medication transformed the epidemic, from being a death 

sentence to a condition that is manageable, with life expectancies nearing normal4, 5.   

 Despite these encouraging advancements, there are several limitations to ART, most 

notably the challenges in adherence due to racial and economic disparity as well as challenges 

due to side effects. As previously discussed, African American and Hispanic populations are 

disproportionately affected by HIV are also more likely to have a lack of access to care, low 

social support and potentially high-risk health behaviors associated with HIV infection and 

advancement8. African- Americans are also more likely to be diagnosed with HIV at a more 

advanced stage of the disease, which puts them at a significant disadvantage in receiving 

effective treatment8. These barriers make minority populations at increased risk for late 

diagnosis, lack of medication, education and follow up care, which can result in greater mortality 

and more spread of disease in these communities.  
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 Side effects of ART are a major contributor to low adherence rates, although newer 

regimens have reduced these. Side effects include headache, fatigue, insomnia, poor appetite, 

nausea and vomiting and diarrhea9. Many of these can be managed with behavior modification or 

changes in the cocktail of HIV medications, but can still be debilitating. In particular for those 

who are affected and not linked with effective follow up care to help with management10.   

 These side effects and the problem of drug resistance have caused serious questioning of 

the HIV medication strategy for those who are HIV seropositive, but not yet exhibiting 

symptoms1. As early as 1997, drug resistance became an issue for the continued use of ART1. 

Poor medication adherence increased the risk of drug resistance and can lead to one or more 

component of a medication regimen becoming obsolete11. Cross resistance, when a resistance 

develops for one drug and then is applied to all drugs in this class, is also of growing concerns4. 

In 2016, the TenoRes Study Group estimated a 71% resistance rate of NNRTI and 22% 

resistance of an NRTI, tenofovir disoproxil fumerate, in North America13.  

 

Kaposi’s Sarcoma as an AIDS Defining Illness  

Kaposi’s sarcoma (KS) has been considered an acquired immune deficiency syndrome 

(AIDS) defining illness since the beginning of the AIDS epidemic. AIDS related KS (AIDS-KS) 

was a major source of morbidity and mortality for human immunodeficiency virus (HIV) 

Seropositive (SP) individuals, with a 30% risk of developing AIDS-KS if co-infected with HIV 

and human herpes virus 8 (HHV-8) over 10 years13, 14. 

 AIDS-KS was extensively researched at the beginning of the epidemic due to the large 

burden of morbidity and mortality from the disease, but since the advent of HAART AIDS-KS 
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cases have diminished significantly13, 14. Since the advent of highly active antiretroviral therapy 

(HAART) this risk has dropped substantially from 25.6 cases per 1000 person-years to 7.5 cases 

per 1000 person years14. However, for reasons not well understood, despite expectations that 

HAART would eliminate the KS disparity in HIV seropositive populations completely, AIDS-

KS has continued to be a steady source of morbidity and mortality, even among those who 

receive HAART15-18.  

 

Human Herpes Virus-8 Infection 

 Kaposi’s sarcoma is highly associated with HHV-8, which is a common infection in the 

most at-risk population for HIV infection16, 19-21. Discovered in 1994 it is a double stranded DNA 

virus. There is a 5% prevalence of HHV-8 in the general population, but among high-risk groups, 

this can range from 20% to 77%20, 22. Within the population for this study, HHV-8 was found in 

30% of those who are HIV SP, 27% of all HAART users, and in 14% of those who are HIV 

seronegative (SN)23.  

 HHV-8 is transmitted via horizontal transmission by saliva, as well as vertical 

transmission, including sexual contact, saliva, blood and transplant-related transmission25 

infection22, 24. There is no recommended effective treatment for HHV-8 infection, nor do 

recommendations on prevention22, 26. HHV-8 is a lifelong infection, which is generally 

asymptomatic with no long-term health consequences. However, in an immune compromised 

individual, HHV-8 can become active and lead to active infection and cancer development27, 28.  

 HHV-8 targets the lymphatic system, in particular B-cells, endothelial cells, epithelial 

cells and macrophages. It usually appears as a dark colored region on the skin or mucosal 
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membrane29. After an initial lytic phase immediately post-infection, HHV-8 generally enters a 

latent phase. In immune suppressed individuals, however, HHV-8 can transition back into the 

lytic phase of infection, which subsequently can lead to the development of KS 28, 30-33. Even in 

the latent phase, the presence of HHV-8 is believed to cause chronic inflammation and immune 

activation27, 28, 32-34.  

   

Oncogenesis of HHV-8 

HHV-8 has been found to have carcinogenic effects both in the lytic and latent periods of 

its lifecycle. During infection, HHV-8 is capable of transforming the endothelial cells it infects to 

promote development28,34. This transformation leads to chromosome instability in the cells, 

altered gene expression, the gain of telomerase activity, increase in invasiveness and long-term 

proliferation and survival of infected cells34.   

During the latent phase of the cellular cycle the proteins produced by infected cells 

generally increase the cell’s survival and increases the rate of proliferation34. In this stage, HHV-

8 produces latency-associated nuclear antigen (LANA), which can inactivate the p53 and pRB 

tumor suppressor pathways, which allows the cell to reproduce more easily28. Other factors 

produced by HHV-8, including Kaposin and the viral version of the FLICE inhibitory protein (v-

FLIPs) collaborate to induce AIDS-KS phenotype by promoting cellular survival using 

upregulation of the transcription of anti-apoptotic genes28.  

The lytic phase produces proteins that mediate paracrine secretion of growth and 

angiogenic factors needed for tumor growth and development34. HHV-8 produces a viral version 

of IL-6 (vIL-6), which mediated a pro-inflammatory response and activates gp130 to signal for 
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angiogeneic growth29.Viral replication of HHV-8 that occurs more rapidly in this state affects the 

DNA damage repair response and induces angiogenesis by upregulating VEGF28. These factors 

in the latent and lytic phase account for all of the malignant phenotypical properties of AIDS-KS.  

 

HIV and HHV-8 Coinfection on Development into AIDS-KS 

These effects of HHV-8 are unable to transform an immunocompetent individual, despite 

lytic infection. The interaction with HIV appears to create special circumstances which allow this 

transformation to take place. Currently, there are two hypotheses on why this interaction leads to 

carcinogenesis. The first, described as paracrine oncogeneses, is based on the continued presence 

of infected lytic cells or latent cells that are expressing the early lytic genes. This sustained 

expression promotes angiogenesis and AIDS-KS growth factors28. The second hypothesis, 

termed abortive lytic, theorizes that cells that express oncogenic early lytic genes, but are not 

fully lytic can be influences to transform by genetic or epigenetic changes. The cells can switch 

back to fully latent and be stimulated by paracrine immune response28.   

In either case, it appears that when the immune system is chronically activated by HIV, it 

can reactive HHV-8 infection into the lytic phase in endothelial cells that would otherwise 

remain latent and advance AIDS-KS development28. In addition, the immune system’s 

depression due to HIV results in these lytic cells not being eliminated as would occur if they 

were functioning normally28.   
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Cancer Development and the Immune System 

 The chronic infection, either from HIV, HHV-8 or both, is believed to create 

inflammation26, 28, 35. This increase in inflammation cyclically creates an immune response, 

which can act as additional target cells for HIV and diminishes the immune system’s ability to 

respond to and repress HHV-827, 33, 35. It is believed that the cytokines and other biomarkers 

created by the inflammatory and immune activation responses may create an environment 

favorable to KS cell growth21, 35, 36.  

 As additional immune cells are activated, reproduced and utilized to combat HIV and 

HHV-8, they reach cellular senescence at accelerated rates 34, 37, 38. This fatigue of the immune 

system leads to the decrease in physical capacity to respond to and control both infections, as 

there are finite amounts of cells that can be differentiated to mount an appropriate response38, 39. 

Cells begin to age and reach senescence, making them unable to die, reproduce or fight 

infections35, 38.  

This biological crowding with senescent cells creates an environment beneficial to cancer 

development as these cells acquire a senescence associated secretory phenotype (SASP) which is 

associated with increased inflammatory factors TNF-α, IL-6 and IL-8 secreted by these cells, as 

well as a loss of CD-28 function which is a necessary marker for the targeting and elimination of 

tumor and infected cells, reduced cytotoxic potential and changes in fibroblast structure35, 36. It 

has been shown that those with HIV infection have increased cellular aging compared to those 

who are not chronically infected37, 40, 41. These changes encourage a microenvironment that is 

susceptible to tumor development, with reduced telemorase activity and increased inflammatory 

signaling35, 36. 
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 This close relationship between chronic infection, inflammation, immune activation and 

cancer development provides opportunities to investigate the biological response at different 

stages of infection and cancer development. Inflammation and immune activation biomarkers 

can be measured and serostatus of viral infection can be found with relatively simple blood tests. 

These tests have the potential to provide extensive information of the risk of AIDS-KS 

development33, 42.  

 

HAART Mechanisms and Cancer Development  

 The development of HAART has had a tremendous impact on the rate of cancer 

development and growth41, 43. HAART is able to lower the viral load and increase the CD4+ cell 

count, which alleviated the burden on the immune system and slows the fatigue of the immune 

system38, 39, 41, 42. The slowing allows immune cells to replicate less frequently and reduce the 

effect of aging on the immune system and allow greater amount of time between infection with 

HIV and progression to AIDS41, 43, 44, 45.  

 HAART has also been shown to slow the growth of cancer once it has developed and, 

when taken with chemotherapy, can slow the growth of the cancer at a greater rate than with 

chemotherapy alone45. It is believed this relief to the immune system is responsible for the 

decrease in AIDS-KS cases, and also helps explain why it has not been completely eliminated; 

HHV-8 and HIV are still present and with a sufficient amount of time and stress of the immune 

system AIDS-KS can still develop40, 41, 43. It is possible that mortality from other competing risks 

artificially lower the rate of AIDS-KS, which may have developed eventually, had the individual 

lived long enough43.  



11 
 

Cohort and Sub-Cohort Descriptions 

Multicenter AIDS Cohort Study 

 The Multicenter AIDS Cohort Study (MACS) is a prospective cohort of men who have 

sex with men who were sexually active, 18 years or older and free of AIDS illnesses at 

enrollment was established in 1983 at four academic institutions in Los Angeles, Baltimore, 

Pittsburgh and Chicago23. Currently, there are 7,087 men, including 3,675 HIV positive or 

seroconverting men46. Enrollment occurred over four time periods, from 1984 to 1985, 1987 to 

1990, 2001 to 2003 and 2010 to the present, which represent significant periods in the 

development of the HIV epidemic and the response, including development of treatment23, 46. The 

cohort was developed to gain information on the natural history, treatment effects, co-

morbidities, risk factors and other clinical manifestations of HIV infection23.  

 

ARRA1 Biomarker Sub-study 

 The ARRA1 Biomarker sub-study started in 2009 with the goal of evaluating the role of 

inflammation and immune activation in HIV infection, progression and response to treatment. 

The ARRA1 collected biomarkers of inflammation and immune activation from 1885 subjects’ 

blood in all three times periods of the MACS cohort48. The peripheral blood that was banked was 

used for this analysis. Subjects were selected from several groups, including long term non-

progressors, HAART-initiators, HIV seroconverters and seronegative. These subjects and visits 

were not randomly selected from the MACS. 
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Collection Methods and Survey Data Descriptions 

 A physical exam, blood draw, information on demographics, psychosocial, behavioral 

factors, medical history and health services access were all performed at every visit23, 47. In 2001 

drug forms with information on antivirals and non-antivirals, as well as adherence, and a quality 

of life survey were added. In 2010, follow up began including information on daily living 

activities and various other surveys were included for certain visits only, including data on 

attitudes, physical activity and various neuropsychological forms. Survey data is collected using 

interviewers with a fixed set of questions for each visit. Starting in 2013, paper surveys were 

replaced with computer assisted direct interviews (CADI) for follow up and were still conducted 

with an interviewer22. Follow up was completed every 6 months after enrollment. A complete list 

of survey variables that will be used in this study are included in the appendix. 

Laboratory data from peripheral blood specimens was collected for each subject visit. T-

cell, HIV RNA, hepatitis B and C serology, lipids, liver and kidney function and anal cytology 

were collected routinely46. Additional specimens of plasma, serum, cells, B-cell lines and PBMC 

pellets were banked46. Clinical outcomes were also collected for seroconversion, AIDS related 

disease, cardiovascular, cerebrovascular, kidney, liver, lung, neurologic diseases and other 

malignancies47. Details on mortality and each occurrence of other malignancies was tracked at 

each visit and confirmed with medical records.  

 

Biomarker Variable Descriptions 

 There were 24 inflammatory, immune activation and viral biomarkers evaluated in the 

sub-study. The relevant markers for this study include IL-1b, IL-2, sIL-2Rα, IL-6, sIL-6R, IL-8, 
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IL-10, IL-12p70, IP-10, BAFF, GM-CSF, IFN- g, TNF- a, sCD-14, CD-27, sGP-130, sTNFR-2, 

BLC-BCA1, Eotaxin, MCP-1, MCP-4, MIP-1β, TARC and sCRP. 

 Interleukins are proteins that medicate interactions between immune and inflammatory 

leukocytes48. There are 37 defined interleukins for which we have a constantly evolving 

understanding of their role and nomenclature. In this study interleukins 1b, 2, 6, 8, 10 12p70 and 

the soluble receptors for 2 and 6 are being investigated. These interleukins play significant roles 

in the immune response and intercellular communication. IL-2, for example is produced by 

CD4+ and CD8+ T cells and mediate T cell responses48. This response is sensitive to HIV 

infection which depletes CD4+ cells.  In the context of HIV and HHV-8 coinfection and 

Kaposi’s sarcoma development, IL-6 and IL-8 are of particular interest48.  

 Interleukin 6 is a multifunctional pleiotropic cytokine and has acute phase response and 

inflammation. IL-6 is broadly involved in these processes and can be stimulated by over ten 

types of cells, but is known to direct leukocyte trafficking and activation and regulate T cell 

infiltration via chemokine secretion48. IL-6 is a known agent in Castleman Disease, which 

similarly to AIDS-KS involves the HHV-8 virus48, 49. HHV-8 is able to produce a viral version of 

IL-6 (vIL-6), which allows for virally induced immune responses. vIL-6 can induce 

inflammation and induce the virus’ lytic phase49. Given the production of this version of IL-6 

natural production may be altered in response.   

 Interleukin 8 is heavily involved in chemokine function; recruiting neutrophils, T cells 

and NK cells to injury sites48. Importantly for AIDS-KS development, IL-8 stimulates bone 

marrow to release hematopoietic factors into circulating blood50. This release and IL-8’s 

chemical motif, which includes the ELR-motif, makes it a strong promoter of angiogenesis48. 
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AIDS-KS tumors are highly vascularized and the high production of IL-8 in endothelial cells 

with increased expression of VEGF, may be an important mechanism to supporting AIDS-KS 

development48, 50.   

 The corresponding receptors of many of the interleukins are also being investigated. The 

cell differentiation antigens include IL-2Rα, IL-6R, TNFR2, sGP130, CD-14 and CD-27. IL-2α 

and IL-6R directly bind with the corresponding interleukins, but in the case of sIL-6R, it may 

also bind to the viral version of IL-6, which may result in discordant expression of the 

interleukin and its receptor48, 51. sGP130 is also related to IL-6 signaling, as it is a necessary 

mediator for IL-6 induced T cell development48. Figure 1 details the interaction in the IL-6/sIL-

6R/sGP130 complex52. Additionally, sCRP may also be increased when IL-6 signaling is high51. 

The additional cytokines being investigated, including BAFF, GM-CSF, TNF-α and IFN-γ, are 

also strongly associated with inflammatory response51. 

 

Figure 1: Classic and trans-signaling of IL-6 via sGP130 and sIL-6R complex52.  
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The remaining chemokines are all found on the surface of endothelial cells and bind to 

specific G proteins. These markers are responsible for cascade signaling in the development and 

response within the immune system53. The chemokines investigated in this study are MCP-1, 

MCP-4, MIP-1β, eotaxin, TARC, IP-10 and BCA1-BLC. All markers were selected for inclusion 

in the ARRA1 sub-study by the MACS consortium for their value in describing immune 

activation and inflammation.  

 The markers were analyzed using both HIV infected and uninfected men on each plate 

and all samples from each individual were analyzed on the same plate to reduce variability54. The 

interleukin variables and other cytokines, including TNF-α, GM-CSF and IFN-γ, were analyzed 

using the Meso Scale Discovery (MSD, Gaithersburg, MD) system using the Ultra-Sensitive 

Human Pro-Inflammatory 9-Plex Kit, chemokine C-C motif ligand, chemokine C-X-C motif 

ligand and the Ultra-sensitive Human Chemokine 7-Plex Kit according to the manufacturer’s 

instructions54. These were analyzed on a SECTOR Imager 2400 (MSD, Gaithersburg, MD)55. 

The soluble receptors and cell differentiation antigens were analyzed using a single lot of kits to 

eliminate lot variability54. These were analyzed using the Luminex platform (Luminex, Sutin, 

TX) according to the manufacturer’s instructions. This data was analyzed using a BioPlex200 

with BioPlex Manager software system (Bio-Rad, Hercules, CA). CRP was measured using 

high-sensitivity immunophelometric assays by Quest Diagnostics54. The serum markers’ 

concentrations have been shown to be stable when measured across two years in low-risk HIV 

seronegative men55.  
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Study Design Overview 

 The following chapters are a collections of three studies which investigate the 

relationships between HIV infection, HHV-8 infection, medication use, immune activation and 

inflammatory biomarkers on the risk of AIDS-KS. The conceptualization for these relationships 

can be found in figure 2. The studies aim to provide insight on the biological and 

epidemiological factors at play prior to AIDS-KS diagnosis in the form of inflammatory and 

immune activation biomarkers, as well as demographic and behavioral factors that may be 

predictive of AIDS-KS development and diagnosis.  
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Figure 2. Conceptual model of immune activation and inflammatory biomarkers, demographics, 

HIV and HHV-8 infection in the development and diagnosis of AIDS-KS.  
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Briefly, the first study utilizes a cohort design of the entire MACS population who are 

HIV and HHV-8 co-infected. The social and demographic information is investigated in 

conjunction with detailed medication at each participant’s study visits. This study utilized 

longitudinal methods including Cox Proportional Hazards to assess risk over time of developing 

AIDS-KS. The second study also employed these techniques, but focused on those HIV 

seropositive men enrolled in the ARRA1 sub-study. The biomarkers were analyzed individually 

with demographic factors to assess their role in AIDS-KS development in at risk individuals.  

 The third study used a nested case control design, with AIDS-KS cases and controls from 

the ARRA1 sub-study to allow for more detailed analysis of the trends in the biomarkers at 

particular time points and in combination with another. Taken together, the studies may be 

beneficial for understanding the role of inflammation and medication in AIDS-KS development 

and may be used as evidence to create more precise risk assessment.  

 These studies use a combination of survey results and biological markers, which may be 

subject to information bias. Survey measurements were used to collect medication information as 

well as demographic information. The repeated measurements at each study visit will reduce the 

errors in fixed variables, such as birthdate and race. This protocol also reduces error in repeated 

measurements by having participants become increasingly familiar with study questions and 

reduce any discomfort in the nature of the questions as they answered them more often. 

Measurement error in these variables is likely non-differential given the prospective nature of 

collection.  

 Reporting of medication usage may also be prone to recall and reporting bias due to 

social desirability. This bias has been found to be limited in the MACS due to experienced 
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staffing, validated questionnaires, monitoring and medication counseling. If this did occur, it is 

also likely to be non-differential with all participants under reporting use regardless of disease 

status. There may be competing risk at play for those who had access to better medications, 

including HAART. HAART allowed individuals to live longer, which may have increased their 

time available to develop HHV-8 infection and AIDS-KS.   

The biomarkers are unlikely to be biased, but may contain some measurement error that 

is associated with any biological processing. The care taken to maintain individuals on the same 

plate and diversify the plated with seropositive and seronegative individuals reduces error from 

batch effects and, as previously reported, the temporal reliability of the serum samples has been 

verified. Due to these practices any error in laboratory outcomes is likely to be non-differential. 

Other difficulties in working with biomarkers exist however, including the inherent skewedness 

of some markers, correlation between biomarkers and missing values. In these studies the 

biomarkers have been log transformed to normalize the values and assessments for correlation 

were performed.  
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Epidemiological differences in Kaposi's sarcoma development in HAART and non-HAART 

users 

Introduction: 

 Since the beginning of the human immunodeficiency virus (HIV) epidemic Kaposi’s 

sarcoma (KS) has been one of the leading causes of advancement to acquired immune deficiency 

syndrome (AIDS), with a 30% risk of HIV seropositive individuals developing AIDS related KS  

(AIDS-KS) over 10 years if left untreated1, 2. After antiretroviral therapy (ART) was introduced, 

the risk of AIDS-KS has substantially declined from 25.6 cases per 1000 person-years to 7.5 

cases per 1000 person years2. Despite this decrease, the rates remain elevated in HIV 

seropositive populations and medication has shown some effectiveness, but AIDS-KS continues 

to be an ongoing source of morbidity and mortality, particularly in resource poor settings3.  

 Human herpes virus 8 (HHV-8) was discovered in 1994 and is highly associated with 

AIDS-KS4, 5. It is estimated the prevalence of HHV-8 ranges from 20-77% in high risk HIV 

positive populations1, 6-9. HHV-8 is a lifelong infection with no treatment currently available9. 

The virus targets the lymphatic system, particularly the endothelial and epithelial cell where it 

cycles from an active lytic phase to a dormant latent phase7, 10-15. In a suppressed immune 

environment, HHV-8 can shift back to the lytic phase, causing chronic inflammation and 

immune activation14-19. This can lead to a favorable environment for cancer development, which 

in addition to the independent carcinogenic and angiogenic effect of HHV-8, can put those co-

infected with HIV at a high risk of AIDS-KS20-22. Additional stresses to the immune system, 

such as other chronic infections including hepatitis B and C may exacerbate this situation and 

lead to higher cancer risk23. 
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 The development of ART dramatically changed the course of AIDS-KS. ART 

significantly increased the user’s CD4+ cell count and suppressed the HIV viral load, alleviating 

the burden on the immune system and correspondingly the death rates from opportunistic 

infections, such as HHV-8 fell10, 11, 24-27. Each progression in treatment, from monotherapy, 

combination and finally HAART corresponded with the rates of AIDS-KS dropping 

significantly25-27. However, the rate of AIDS-KS has not returned to the levels before the HIV 

epidemic of 2 per million people, but has hovered near 6 cases per 1000 person years in this 

population28. The cause of this elevated rate despite the medication advancements is not fully 

understood. In addition to this, daily use of HAART has been challenging in several ways, 

including adherence, side effects and HIV infections developing resistance to the medications29-

31. These difficulties are difficult to assess and will benefit from a longitudinal analysis which 

includes medication data for 6 month increments to combat the problems of adherence. 

While many developed countries have had access to HAART and the availability of more 

advanced testing for medication resistance and the ability to change medications if they do 

become ineffective or have serious side effects, lower income countries and communities are 

often unable to have these advantages3. In resource limited settings, higher rates of co-infections 

and lack of health care access may make AIDS-KS an even greater threat3. The reality of only 

having access to monotherapies or combination therapies merits the review of these medication 

types compared to HAART in regard to the risk of AIDS-KS.  This burden, as well as the 

uncertainty of the higher rates of AIDS-KS exists even among HAART users, warrants each of 

these medications to be investigated, both independently and when combined in the context of 

additional potential covariates and risk factors.   
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 The goal of this study was to identify risk factors for AIDS-KS and in particular, 

investigate the effect of HIV suppression medications, including HAART, on the risk of 

developing AIDS-KS.  The insight gained from the analysis allows for more comprehensive 

identification of at risk populations and a better understanding of the utility of HIV antiretroviral 

medications in the context of reducing AIDS-KS risk.  

 

Methods: 

Population Description 

 The Multicenter AIDS Cohort Study (MACS) is a prospective cohort of men who have 

sex with men established in 1988 at four locations, Los Angeles, Pittsburgh, Baltimore and 

Chicago. MACS has had multiple recruiting periods, including 1987-1991, 2001-2003 and from 

2014-present, which provides the unique opportunity to investigate the HIV epidemic as it has 

evolved in the US. Data was collected from 6,972 men using in-person interviews, clinical 

exams including blood collection, and paper or computer assisted interviews every 6 months to 

study the progression of HIV, effects of treatment and other HIV related clinical, social and 

psychological outcomes. Interviews and surveys obtained information about demographics, 

psychosocial and behavioral factors, medical history, use of health services and attitudes 

regarding HIV and treatment. The MACS has been described in detail elsewhere32-34. The 

Institutional Review Boards at collaborating institutions reviews the MACS annually.  

Data Acquisition 

The data were obtained from the entire population of the MACS. All participants that 

were identified to be HHV-8 seropositive, defined as individuals who had been tested and were 

seropositive for both HHV-8 by either enzyme linked immunosorbent assay (ELISA) or 
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immunofluorescence assay (IFA), and HIV seropositive within the MACS cohort were selected 

as the population for this study. This population definition was used as all participants were at 

risk for AIDS-KS and medication and other demographic factors could be adequately assessed. 

Cases of AIDS-KS were defined as any individual who received a clinical diagnosis of AIDS-

KS.  

Information from each of the participant’s visits that was prospectively collected as part 

of the MACS were included. Information about each type of anti-retroviral medication and drug 

resistance information that was taken at each visit was collected at the time of the visit and used 

in the analysis. The time since HIV diagnosis, viral load, CD4+ cell count, and AIDS-KS 

diagnosis information, including the number and location of AIDS-KS lesions were collected as 

possible influences of survival.  

 Additional information on other factors that may influence survival were collected. 

These included that participants’ demographic data, birth dates, height, weight, education and 

ethnicity. Additional covariates such as hepatitis B (HBV) and C (HCV) status, smoking status, 

previous cancer history, alcohol use and sexual history information were also collected at the 

time of the visits. Datasets that were obtained from the MACS were merged by participant and 

visit into a single longitudinal dataset.  

 Potential covariates were assessed for outliers, skewedness, missing values and other 

sources of irregularity in the data. Variables with values outside possible values were dropped. 

Pearson correlations between potential covariates were assessed and there were no relationships 

of r2>75 were identified. An inverse correlation between weight and the number of AIDS-KS 

skin lesions of 23.4% (p=.0130) was found.  
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 Although the type of anti-retroviral medical was collected as each type of medication, for 

analysis purposes they have been grouped into seven categories: nucleoside reverse transcriptase 

inhibitors (NRTI), non- nucleoside reverse transcriptase inhibitors (NNRTI), protease inhibitors 

(PI), fusion inhibitors (FI), integrase inhibitors (II), chemokine receptor antagonists (CCR5 

antagonist) and combination regimens. Combined treatment was divided into two groups: those 

with two medications and those with more than two medications. A list of the qualifying 

medications for each group can be found in the appendix. Within the combinations of 

medication, combinations were further sub-divided into groups containing NRTIs only, NRTIs 

and IIs, NRTIs and PIs, NRTIs and NNRTIs and NRTIs with multiple other medications.  

Pearson correlations were investigated for each type of medication, as well as the 

medication groups. The NRTI group was found to be loosely correlated using with the NNRTI 

group (21.14% p<.0001) and the PI group (30.26% p<.0001). The two drug combination group 

was correlated with the NNRTI group by 34.68% (p<.0001), the PI group by 37.55% (p<.0001), 

and the II group by 21.31% (p<.0001). The II was correlated with the CCR5 group by 25% 

(p<.0001). Medications, including antibiotics, antivirals and antifungals, which are part of the 

HIV medication regimen were also categorized by type. Of these the NRTI group was found 

correlated with the use of Acyclovir, a herpes treatment, by 27.85% (p<.0001) and Bactrim, an 

antibiotic, by 24.64% (p<.0001).    

Analysis Strategies 

 The means and standard errors for age, weight, CD4+ cell count and viral load for the 

participants’ first and last visits were determined for cases and controls (Table 1). Other 

demographic information was determined including race/ethnicity, highest education level 

attained, smoking status, hepatitis B and C infection status, previous cancer diagnoses, history of 
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injection drug use, history of sexual activity and average alcohol intake were based on the 

participants’ last visit (Table 1).   

 This study was analyzed as a historical cohort of men at risk for AIDS-KS to assess the 

risk of AIDS-KS based on demographic factors and HIV medication usage. Cox Proportional 

Hazards were used to assess risk over the course of cohort. For the purposes of these analyses 

time zero was defined as the first HIV positive visit, the endpoint was first diagnosis of AIDS-

KS for those affected and time of last follow up or death for the unaffected.  The time with HIV 

infection was used to account for the right and left censoring phenomena that occurred due to the 

true time at risk not being known for all individuals.  

A model was constructed including type of antiretroviral, race/ethnicity, HBV status, 

HCV status, smoking status, education and age at last visit. Models of any medication compared 

to no medication, single medications compared to a combination of medications, comparisons of 

each medication group, as described above, to one another, and within those who took 

combination medications, the type of combination. There were 2,263 participants of whom 562 

developed AIDS-KS. 

 

Results: 

Population Description 

 Men in the cohort were 32 years old on average at their first visit. Men who developed 

AIDS-KS were older, 35 years, at the first visit compared to those who did not develop AIDS-

KS who were 33 years. Men who developed AIDS- KS weighed less by their last visit compared 

to those who did not develop AIDS-KS (72.68 kg vs. 73.22kg, p=<.0001) despite having similar 

weight at their first visits (72.09kg and 73.22kgs, respectively).  
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At both their first and last visits, those who developed AIDS-KS had statistically 

significantly lower CD4+ cell counts with an average of 589.87 (SD=291.80) cells at their first 

visit and 201.87 (SD= 207.20) cell at their last visit than those who did not develop AIDS-KS, 

who had an average of 687.76 (SD=345.44) cells at their first visit and 454.65 (SD=353.165) 

cells at their last visit (p<.0001 for both time points). Similarly, those with AIDS-KS had a 

higher viral load at their visits of on average 254,594 (SD=825,526) copies/ml at their first visits 

and an increased viral load of 273,720 (SD=319,735) copies/ml at their last visit while those 

without AID-KS development had lower viral load at their first visit of on average 88,680 

(SD=308,479) copies/ml and remained more stable at on average 88,986 (SD=282,818) 

copies/ml at their last (p=.15). 

 The majority of the cohort identified as white with 91% of AIDS-KS cases and 74% of 

non-cases. The remaining members were mostly African American with 7.3% of AIDS-KS cases 

and 24% of non-cases. Approximately 7% of both groups indicated they were Hispanic. There 

was less than 1% in each group of those identifying as Asian or Pacific Islander, American 

Indian or Alaska Native, multiracial or other. Both groups were similar in terms of education 

status with most having either some college or a 4 year degree, with 60% of those who 

developed AIDS-KS and 55% who did not being in this education group.  

AIDS-KS cases were more likely to have had an HBV infection (88.61% compared to 

72.71%, p<.0001), but less likely to have had an HCV infection (11.39% versus 13.55%, 

p=.0384) as of their last visit. A larger proportion of the AIDS-KS group, 35.21%, reported 

having never smoked at their last visit compared to 26.23% of the non-cases (p=.0005). A similar 

number of both groups reported injection drug use and levels of alcohol use. A higher proportion 
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of AIDS-KS participants report being sexually active (77.54%) compared to non-cases (64.94%, 

p<.0001).  

 At their first visit, most participants were not exposed to any type of therapy, with 

87.50% of AIDS-KS cases and 72.29% of non-cases having no therapy (p<.0001), but of those 

who did receive therapy, non-cases were much more likely to receive potent ART (23.45%) 

compared to only 5.50% of AIDS-KS cases (p<.0001). By their last visit, 45.26% of AIDS-KS 

cases had still not received any type of treatment compared to 26.78% of those who did not 

develop AIDS-KS and the proportion of AIDS-KS cases receiving potent ART remained steady 

at 5.21%, while the proportion for non-cases significantly increased to 52.14% (p<.0001). Of 

those who received HAART at their last visit, the majority received PI-HAART, with a total of 

14.73% of all participants receiving PI HAART including 2.84% of all AIDS-KS cases and 

18.30% of all non-cases getting this type of medication. Very few AIDS-KS cases received other 

types of HAART, but 19.94% and 12.82% of non-cases received NNRTI with without a PI 

HAART and II without a PI or NNRTI HAART respectively. Full descriptions of the study 

population’s demographics can be found in table 1.  

Time to event analyses 

 We used a Cox proportional hazard ratio model to compare taking any sort of HIV 

therapy to taking no therapy. All therapy types were grouped resulting in 1,220 visits from 230 

participants who developed AIDS-KS and 18,667 visits from 1,141 participants who did not 

develop AIDS-KS. The analysis included education status, age at the time of the visit, CD4+ cell 

count, the time with HIV, alcohol use, HBV and HCV infection status, race/ethnicity and 

injection drug use as covariates. The hazards ratio for all medications was .57 (CI= .57, .62, 

p<.0001) indicating a reduction in risk of AIDS-KS with any medication usage. Increases in 
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CD4+ cell counts, age and time living with HIV corresponded to a statistically significant 

decrease in the risk of AIDS-KS (p=<.0001 for all). Positive HBV (p=<.0001), positive HVC 

(p=.0018), injection drug use (p=.0015) and increased alcohol use (p=.0001) all correlated to an 

increased risk of AIDS-KS. These trends in hazards for covariates were consistent for all the Cox 

models that were run.  

 A Cox proportional hazard model was run for monotherapy and any type of combination 

therapy compared to no therapy. Of those who developed AIDS-KS 191 participants had 

monotherapy at 726 visits, 79 participants had combined therapy at 348 visits and 364 had no 

therapy at 2,149 visits. Among participants who did not develop AIDS-KS 490 participants had 

monotherapy at 2,389 visits, 1,207 participants had combined therapy at 15,690 visits and 1,092 

had no therapy at 10,468 visits. Covariates included education status, age at the time of the visit, 

CD4+ cell count, the time with HIV, alcohol use, HBV and HCV infection status, race/ethnicity 

and injection drug use.  In the multivariable model, monotherapy had a hazard ratio of .679 (95% 

CI= .629, .733, p<.0001) and combination therapy had a ratio of .171 (95% CI=.133, .221, 

p<.0001) when compared to no therapy. When combination therapy was compared to individual 

therapy combination therapy decreased the hazards with HR=.282 (95% CI=.218, .369, 

p=<.0001). When divided into type of therapy, with no therapy, monotherapy, combination 

therapy and potent ART therapy in this same model, it was found there was a hazards ratio 

of .284 (95% CI= .24, .33, p<.0001) for each increasing level of medication use.  

 An analysis of each type of monotherapy, including NRTI, NNRTI, PI, II, FI CCR5, and 

groups of two types of therapy or three or more types was also conducted. In the NRTI group 

there were a total of 11,113 visits from 1,094 participants of whom there were 228 AIDS-KS 

participants with 1,165 visits and 9,948 visits from 866 non AIDS-KS participants. Within the 
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NNRTI group there were 5,530 visits from 467 participants. 12 AIDS- KS participants 

contributed 53 visits and 455 non-cases contributed 5,477 visits. There were 569 participants at 

7,684 visits taking a PI including 18 AIDS-KS cases at 140 visits and 455 non-cases at 7,544 

visits. There were fewer participants taking II, FI or CCR5 medications, limiting their ability to 

be accurately assessed. There were 1,453 visits from 178 participants taking II, with only one 

AIDS-KS participant with 4 visits and 1,449 visits from 177 participants who did not develop 

AIDS-KS were included. Similarly the FI group also only had 1 AIDS-KS case contributing 4 

visits and 128 visits from 22 non-case participants, for a total of 132 visits from 23 participants. 

The CCR5 group had no AIDS-KS cases available and 176 visits from 22 non-case participants, 

so no comparison could be made. There were 525 participants at 6,122 visits who took a 

combination of two types of therapy. There were 13 AIDS-KS cases at 53 visits and 512 non-

case participants at 6,069 visit. Finally, 5 AIDS-KS cases took a combination of 3 types of 

therapy or more at 19 visits and 371 participants who did not develop AIDS-KS took a 

combination of at least three at 3,185 visits.  

When these visits were assessed with education, age at the visit, race/ethnicity, injection 

drug use, HBV and HCV status, smoking status, alcohol use, CD4+ cell count and time since 

HIV infection statistically significant results were found for those using NRTI drugs (HR=.859 

(95% CI=.80, .93), p<.0001), NNRTI drugs (HR=.196 (95% CI=.14, .38), p<.0001), PI drugs 

(HR=.230 (95% CI=.18, .29), p<.0001), FI drugs (HR=3.180 (95% CI=1.17, 8.64), p=.0234), 

combinations of two drugs (HR=.482 (95% CI=.35, .66), p<.0001) and combinations of three or 

more drugs (HR=.083 (95% CI=.05, .15), p<.0001). The effect of the cumulative time on 

HAART, defined as three or more medications, was also assessed with a hazards ratio of .617 
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(95% CI= .58, .66, p<.0001) for each increase in year with HAART use compared to any 

medication other than HAART where no therapy is the baseline. 

 A sub-analysis of the visits while participants were taking combination therapy was 

conducted. Groups of combination therapy, including two or more types of therapy, were defined 

as those taking two or more NRTI medications, an NRTI and PI combination, NRTI and II 

combination, and NRTI and NNRTI combination or an NRTI and multiple other types. There 

were no AIDS-KS cases that were taking an NRTI and PI combination nor any taking a NRTI 

and multiple other types.  The most common combination was NRTIs alone, with 72.84% of all 

HAART visits being this type. There were 14 AIDS-KS cases with 58 visits of AIDS-KS cases 

with this drug combination and 6,595 visits from 530 non-cases. NRTI and NNRTI combinations 

were taken at 23.9% of HAART visits with 7 AIDS-KS case visits from 2 participants and 2,169 

visits from 233 of those who did not develop the disease. There were 5.2% where participants 

took an NRTI and II. Fourteen AIDS-KS cases took an NRTI and II at 58 visits and 48 of who 

did not develop AIDS-KS took them at 376 visits. When analyzed with the covariates listed 

above, NRTI medications alone (HR=.183 (95% CI=.14, .24), p<.001), NRTI and II medication 

combinations (HR=.061 (95% CI=.01, .43), p=.0052) and NRTI with NNRTI combinations 

(HR=.101 (95% CI=.05, .21), p<.0001) were found to be statistically significant in reducing the 

risk of AIDS-KS when compared to those not taking any combination therapy.  

 

 

Discussion: 

 The longitudinal nature of the data allowed for the Cox models to accurately assess the 

demographics and effectiveness of HIV medications in the MACS population that was at risk for 
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AIDS-KS.  The Cox proportional hazards models were consistent in the positive influence of 

medication use for HIV suppression as having a significant decrease of the risk of AIDS-KS. 

When simplified to whether any medication is helpful in reducing AIDS-KS risk, it was found 

that any medication type significantly reduced the hazards by over 40%. This corresponds to the 

observed shift in AIDS-KS historically, as medications became available. When further 

investigating the differences in hazards between types of therapy, our analysis was limited by 

small sample sizes in many of the groupings, in particular in regard to combination or HAART 

therapies.  

Any type of individual therapies were found to reduce the risk of AIDS-KS considerably. 

This implies that there may be benefit in using any type of therapy available if combination or 

HAART therapies are not available due to resource limitation. For AIDS-KS risk reduction, 

NNRTIs showed the biggest risk reduction, followed by PI and II drugs. NRTIs showed benefit, 

but were not as dramatic in reducing risk. Fusion inhibitors showed an increased risk, but both FI 

and II had very limited sample sizes, that despite attaining statistical significance may be biased. 

This study suggests that in the context of HHV-8 and HIV co-morbid patients who are at high 

risk for AIDS-KS, any drug may have benefit, but an NNRTI may be the most useful.  

 Combinations of drugs were also assessed. When each level of medication (no therapy, 

monotherapy, combination therapy and HAART) were assessed together, it was found that there 

was a 35% reduction in risk with each increasing medication type. This implies the benefits of 

even slightly more advanced medication may have a tremendous impact in reducing AIDS-KS 

risk burden. Any type of combination was found to be effective, with nearly a fivefold reduction 

in hazards. Of the combinations that had enough samples to assess, the combination of NRTIs 

and IIs reduced the hazards by the most, but NNRTIs and NRTIs and NRTIs alone also 



38 
 

significantly reduced the risk of AIDS-KS. These groups, particularly the NRTI and NNRTI 

group, had very small sample sizes of AIDS-KS cases and should be interpreted with caution. 

The overwhelming trend however, is that multiple drugs are more effective at preventing AIDS-

KS than monotherapy, which is still significantly more beneficial than no therapy.  

 HAART, defined as three or more therapies, had the greatest impact in reducing the risk 

of AIDS-KS. When assessed for the risk if taking any type of combination of three or more 

drugs, the risk was dramatically lower, by nearly 12-fold, than taking no medications. When 

taking into account the time of cumulative HAART use, which may include some inconsistencies 

and lapses in treatment, the risk was reduced by nearly 40%. HAART was clearly the most 

effective tool to combat AIDS-KS.  

Both age and the time with HIV seemed to have inverse relationships with the risk of 

AIDS-KS than what would be expected, with both an older age and longer time with HIV 

showing a decrease in AIDS-KS risk. Those who developed AIDS-KS tended to be much 

younger at their age of development of cancer, and therefore censoring in this study, than the age 

of those who did not develop AIDS-KS at their final visit. This may make advanced age and 

more time with HIV appear beneficial, when they are actually properties of the study groups. 

This may be due to those who were more likely use medications will both live longer, which 

results in having been HIV infected for longer. 

Changes in the demographic information as well as medication information was able to 

be assessed over time. The analysis showed that those with co-infections, such as HBV and 

HCV, were at greater risk for AIDS-KS. This is consistent with previous research which shows 

that immune fatigue contributes to KS development10, 11. In the context of HIV, the immune 
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system is already more susceptible to failure and multiple co-infections may make the HHV-8 

virus enter into its lytic phase and have an oncogenic effect12, 14, 19, 23.  

Relatedly, an increase in CD4+ cell count was also significant in decreasing the risk of 

AIDS-KS. This further supports the integrity of the immune system as vital to the suppression of 

HHV-8’s oncogenic effects. Smoking, increased alcohol use and injection drug use were all also 

associated in an increase in the risk of AIDS-KS. As these all have known oncogenic properties, 

this was expected29, 35, 36.   

 A few limitations of this study include the small numbers of AIDS-KS cases within 

detailed groupings of medications. While the MACS study is very large, the restriction to AIDS-

KS cases, in particular those who had two or more visits on HAART resulted in inadequate 

number to investigate all relationships. Another limitation is that this study was limited to men, 

which limits the generalizability of the findings. Not all men within the MACS have been tested 

for HHV-8, so the sample pool was limited to those who had been tested. The probability of 

being tested for HHV-8 did not appear to be influenced by the diagnosis of AIDS-KS and did not 

appear to have induced any selection bias. 

 In addition there may be uncontrolled confounding, which may affect the relationships of 

the medication use and AIDS-KS development. Most notably, KS rates in general is influenced 

by ethnicity, which was not accounted for completely in this study. Race was adjusted for, but 

variations within race were not. Importantly, there may also be temporal differences between the 

cases and controls in terms of when and how the medications were administered as the 

recommendations for these have changed significantly over the course of the epidemic. 

Similarly, the timing of a participant’s involvement in the study may also have an effect on early 
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censoring and competing risk which were not assessed here. These limitations hinder this study’s 

ability to make causal associations.  

 This study had several advantages including the use of robust longitudinal data. The large 

sample of men allowed for more detailed analysis of the types of medications used and the 

prospective nature of the data collection reduces recall bias. In addition, the MACS has been 

found to have good reliability of reporting medication use, including detailed information on 

each medication taken, and good retention within the cohort32-34. In addition, the MACS cohort 

has robust and time varying confounder and covariate information, which allowed for more 

precise analyses of the AIDS-KS risk. 

Future research may include combining datasets from multiple studies to assess more 

robustly the long term outcomes of different medication combinations that are most effective for 

reducing the risk of AIDS-KS. In addition, studies investigating the role of gender and further 

investigate the impact on racial and ethnic minorities are crucial for the role of medications to be 

best utilized. This study’s aim of assessing the role of medications as they relate to other risk 

factors of AIDS-KS may be helpful in encouraging the continued use of effective HAART and, 

in areas where this is not available, still promote the importance of even monotherapy to reduce 

the burden of this disease. AIDS-KS has continued to be a major health threat to those living 

with HIV, both in the US and abroad. Better understanding of the benefits different types of 

therapy may lead to better outcomes for those at risk.  
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Chapter 2 Tables and Figures: 
Table 1: Demographics 
 Total (%)  KS (%) No KS (%) P-

Valuet 

Average age at first 
visit 

32.88 (SD= 6.72) 35.58 (SD= 6.85) 33.05 (SD= 6.85)  

Average age* 44.26 (SD= 11.94) 38.02 (SD=6.78)  46.48 (SD=12.58)  
Average weight first 
visit in kg. 

72.82 (SD=9.73) 72.09 (SD= 8.68) 73.22 (SD= 10.25) .06 

Average weight in kg* 75.76 (SD= 14.58) 72.68 (SD= 9.71) 77.09 (SD= 16.07) <.0001 
Average CD4+ cell 
count first visit 

653.07 
(SD=330.63) 

589.87 (SD= 
291.80) 

687.76 (SD= 
345.44) 

<.0001 

Average CD4+ cell 
count* 

381.40 (SD= 37.84) 201.87 (SD= 
207.20)  

454.65 (SD= 
353.15) 

<.0001 

Average viral load first 
visit 

144,310 (SD= 
543,190) 

254,594 (SD= 
825,526) 

88,680 (SD= 
308,479) 

.15 

Average viral load * 127,005 (SD= 
303,474) 

273,720 (SD= 
319,735) 

88,986 (SD= 
282,818) 

<.0001 

Race 2281 562 1719 <.0001 
White 1784 (78.21) 512 (91.10) 1272 (74.00)  
African American 451 (19.77) 41 (7.30) 410 (23.85)  
Asian or Pacific 
Islander 

12 (.53) 2 (.36) 10 (.58)  

American Indian or 
Alaskan Native 

9 (.39) 2 (.36) 7 (.41)  

Multiracial 12 (.53) 3 (.53) 9 (.52)  
Other 13 (.57) 2 (.36) 11 (.64)  

Ethnicity    .9149 
Hispanic 162 (7.10) 41 (7.30) 121 (7.04)  

Education 2261 560 1701 .2490 
Less than 9th Grade 19 (.84) 5 (.89) 14 (.82)  
9-11th Grade 80 (3.54) 14 (2.5) 66 (3.88)  
12th Grade 316 (13.98) 64 (11.43) 252 (14.81)  
College- Less than 4 
years 

737 (32.60) 197 (35.18) 540 (31.75)  

College- 4 years 535 (23.66) 139 (24.82) 396 (23.28)  
Some Graduate 240 (10.61) 57 (10.18) 183 (10.76)  
Post Graduate 334 (14.77) 84 (3.72) 250 (14.70)  

Smoker* 1979 534 1445 .0005 
Current 648 (32.74) 158 (29.59) 490 (33.91)  
Former 764 (38.61) 188 (35.21) 576 (39.86)  
Never 567 (28.65) 188 (35.21) 379 (26.23)  

HBV infection* 2281 562 1719 <.0001 
Positive 1748 (64.63) 498 (88.61) 1250 (72.71)  
Negative 493 (21.61) 59 (10.50) 434 (25.25)  
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Unknown 40 (1.75) 5 (.89) 35 (2.04)  
HCV infection* 2281 562 1719 .0384 

Positive 297 (13.02) 64 (11.39) 233 (13.55)  
Negative 1968 (86.27) 495 (88.08) 1473 (85.69)  
Unknown 16 (.70) 3 (.53) 13 (.76)  

Use of Injection 
Drugs* 

1815 512 1303 .8780 

Yes 54 (2.98)  16 (3.13) 38 (2.92)  
No 1761 (97.02) 496 (96.88) 1265 (97.08)  

Sexual activity* 1813 521 1292 <.0001 
Yes 1243 (68.56) 404 (77.54) 839 (64.94)  
No 570 (31.44) 117 (22.46) 453 (35.06)  

Alcohol intake* 1869 526 1343 .0733 
None 473 (25.31) 114 (21.67) 359 (26.73)  
1-3 drinks/week 834 (44.62) 250 (47.53) 584 (43.48)  
4-13 drinks/week 402 (21.51) 122 (23.19) 280 (20.85)  
13+ drinks/week 160 (8.56) 40 (7.60) 120 (8.94)  

HHV-8 Diagnostic 
Test 

2824 484 2340  

HHV-8 Positive using 
IFA 

763 (27.02) 139 (28.72) 624 (26.67)  

HHV-8 Positive Using 
ELISA 

2061 (72.98) 345 (71.28) 1716 (73.33)  

HIV therapy type at 
first visit 

1279 200 1079 <.0001 

No therapy 965 (74.67) 175 (87.50) 780 (72.29)  
Monotherapy 26 (2.81) 10 (5.0) 26 (2.41)  
Combination therapy 24 (1.88) 4 (2.0) 20 (1.85)  
Potent ART 264 (20.64) 11 (5.50) 253 (23.45)  

HIV therapy type at 
last visit 

1826 422 1404 <.0001 

No therapy 567 (31.05) 191 (45.26) 376 (26.78)  
Monotherapy 336 (18.40) 161 (38.15) 175 (12.46)  
Combination therapy 169 (9.26) 48 (11.37) 121 (8.62)  
Potent ART 754 (41.29) 22 (5.21) 732 (52.14)  

HAART type at first 
visit 

1279 200 1079 <.0001 

No HAART 1015 (79.36) 189 (94.50) 826 (76.55)  
PI-HAART 125 (9.77) 8 (4.0) 117 (10.84)  
NNRTI-HAART 
(No PI) 

102 (7.97) 3 (1.50) 99 (9.18)  

II HAART (No PI or 
NNRTI) 

33 (2.58) 0 (0) 33 (3.06)  

All NRTI HAART 4 (.31) 0 (0) 4 (.37)  
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HAART type at last 
visit 

1826 422 1404 <.0001 

No HAART 1082 (59.26) 401 (95.02) 681 (48.50)  
PI-HAART 269 (14.73) 12 (2.84) 257 (18.30)  
NNRTI-HAART 
(No PI) 

288 (15.77) 8 (1.90) 280 (19.94)  

II HAART (No PI or 
NNRTI) 

180 (9.86) 0 (0) 180 (12.82)  

All NRTI HAART 5 (.27) 1 (.23) 4 (.28)  
Other 
HAART/Uncertain 

2 (.11) 0 (0) 2 (.14)  

*At last visit before censoring   t Pearson’s Chi Squared Test Exact  
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Table 2: Cox Proportional Hazards Results: Any antiretroviral medication vs. No 
antiretroviral medication 

Any antiretroviral therapy vs. No antiretroviral therapy 
Crude Estimate Adjusted Estimate* 

 HR 95% CI P-value  HR 95% CI P-value 
Any 
Antiretroviral .229 .215, .244 <.0001 

Any 
Antiretrovira
l 

.569 .526, .615 <.0001 

*Adjusted for smoking status, CD4, time with HIV, race, education level, alcohol group, HCV 
and HBV status, injection drug user, age at visit 
 

Figure 1: Kaplan Meyer Survival Curve Based on Any Medication Usage 

 

 
Table 3: Cox Proportional Hazards Results: Increasing therapy types: No therapy, 
monotherapy, combination therapy and HAART 

Increasing therapy type: No therapy, Monotherapy, Combination Therapy and HAART 
Crude Estimate Adjusted Estimate* 

 HR 95% CI P-value  HR 95% CI P-value 
Therapy type .480 .464, .496 <.0001 Therapy type .648 .619, .679 <.0001 

*Adjusted for smoking status, CD4, time with HIV, race, education level, alcohol group, HCV 
and HBV status, injection drug user, age at visit 
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Figure 2: Kaplan Meyer Survival Curve Based on Type of HIV Therapy Taken 

 

 
Table 4: Cox Proportional Hazards Results: Monotherapy and combined therapy vs. no 
therapy 

Monotherapy and Combined Therapy vs. No Therapy 
Crude Estimate Adjusted Estimate* 

 HR 95% CI P-value  HR  95% CI P-value 
Monotherapy .307 .289, .327 <.0001 Monotherapy .679 .047, .146 <.0001 
Combined 
therapy .038 .031, .047 <.0001 Combined 

therapy .171 .133, .221 <.0001 

*Adjusted for smoking status, CD4, time with HIV, race, education level, alcohol group, HCV 
and HBV status, injection drug user, age at visit 
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Table 5: Cox Proportional Hazards Results: Types of monotherapies and combined 
therapies compared to no therapy 

Types of monotherapies and combined therapies vs. No therapy 
Crude Estimate Adjusted Estimate* 

 HR 95% CI P-value  HR 95% CI P-value 
NRTI .631 .593, .672 <.0001 NRTI .859 .796, .927 <.0001 
NNRTI .054 .042, .069 <.0001 NNRTI .196 .139, .277 <.0001 
PI .085 .072, .101 <.0001 PI .230 .182, .292 <.0001 
II .015 .006, .040 <.0001 II .279 .088, .880 .0294 
FI .169 .063, .450 .0004 FI 3.180 1.17, 8.642 .0234 
CCR5 -- -- -- CCR5 -- -- -- 
Combination 
of 2 
therapies 

.052 .041, .066 <.0001 
Combination 
of 2 
therapies 

.482 .354, .655 <.0001 

Combination 
of 3 or more 
therapies 

.030 .019, .048 <.0001 
Combination 
of 3 or more 
therapies 

.083 .047, .146 <.0001 

*Adjusted for smoking status, CD4, time with HIV, race, education level, alcohol group, HCV 
and HBV status, injection drug user, age at visit 
 
Table 6: Cox Proportional Hazards Results: Types of combined therapies vs. no therapy 

Types of combined therapies vs. No combined therapy 
 Number of Visits Crude Estimate Adjusted Estimate* 

 All No 
KS 

KS HR 95% CI P-
value  HR  95% CI P-

value 
NNRTIs 
only 6653 6595 58 .051 .040, .064 <.0001 NNRTIs 

only .183 .140, .239 <.0001 

NRTIs 
and  IIs 434 376 58 .047 .018, .126 <.0001 NRTIs 

and  IIs .061 .009, .434 .0052 

NRTIs 
and PIs 52 52 0 -- -- -- NRTIs 

and PIs -- -- -- 

NRTIs 
and 
NNRTIs 

2176 2169 7 .017 .008, .036 <.0001 
NRTIs 
and 
NNRTIs 

.101 .048, .213 <.0001 

NRTIs 
and 
multiple 
therapy 
types 

2 2 0 -- -- -- 

NRTIs 
and 
multiple 
therapy 
types 

-- -- -- 

*Adjusted for smoking status, CD4, time with HIV, race, education level, alcohol group, HCV 
and HBV status, injection drug user, age at visit 
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Table 7: Medication types and grouping 

Medication 
Group 

Type of Medication Medication 
Group 

Type of Medication 

Nucleoside 
reverse 
transcriptase 
inhibitors 
(NRTIs) 
 

Abacavir (Ziagen) Chemokine 
receptor 
antagonist 
(CCR5 
antagonist) 

Maraviroc (Selzentry) 

Didanosine (ddI, Videx, 
Videx EC) 

Combination 
of 2 
medications 

Combivir- Zidovudine and 
Lamivudine 

Emtricitabine (Emtriva) Combination 
of 2 
medications 

Descovy- Emtricitabine and 
Tenofovir AF  

Lamivudine (Epivir) Dolutegravir and Lamivudine 
Retrovir (zidovudine) Epzicom - Abacavir and 

Llamivudine 
Stavudine (Zerit) Evotaz- Atazanavir and 

Cobicistat 
Tenofovir Prezcobix- Darunavir ethanolate 

and Cobicistat 
Tenofovir alafenamide 
(AF) 

Retrovir and Didanosine 

Zalcitabine (ddC) Retrovir and Lamivudine 
Non-
nucleoside 
reverse 
transcriptase 
inhibitors 
(NNRTIs) 
 
 
 

Delavirdine (Rescriptor)  Tobira- Cenicriviroc or Efavirenz 
with either Emtricitabine or 
Tenoforvir 

Efavirenz (Sustiva) Truvada - Tenofovir DF and 
Emtricitabine 

Etravirine (Intelence) Abacavir and Lamivudine or 
Emtricitabine and Tenofovir AF 
with a boosted PI or NNRTI or II  

Nevirapine (Viramune, 
Viramune XR) 

Combination 
of more than 
2 
medications  
 
 

ACTG- Prezista, Norvir, 
Emtriva, Viread and Selznetry  
 

Rilpivirine (Edurant) Atripla - Tenofovir DF,  
emtricitabine and Efavirenz  

Protease 
Inhibitors 
(PIs) 
 

Amprenavir  Bictegravir, Emtricitabine and 
Tenofovir AF  

Atazanavir  Cabotegravir, Abacavir, 
Lamvudine, a long acting 
Cabotegravir injection and 
Rilpivirine 

Darunavir (Prezista) Cobicistat boosted Darunavir and 
2 NRTIs 
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Fosamprenavir Cobicistat, Emtricitabine and 
Tenofovir AF or boosted PI  

Indinavir Complera- Tenofovir DF,  
Emtricitabine and Rilpivirine 

Lopinavir  Darunavir,  Cobicistat, 
Emtricitabine and Tenofovir 

Nelfinavir  Efavirenz,  Emtricitabine and 
Tenofovir DF 

Ritonavir Odefsey- Emtricitabine, 
Rilpivirine and Tenofovir AF 

Saquinavir (Invirase) Rilpivirine, Emtricitabine and 
Tenofovir DF 

Tipranavir (Aptivus) Stribild-  Elvitegravir, Cobicistat, 
Emtricitabine and Tenofovir DF 

Integrase 
inhibitors 
(II) 

Cabotegravir Stribild (Quad)- Elvitegravir, 
Cobicistat, Tenofovir AF, 
Emtricitabine, 2 NRTI and an 
enhancer 

Dolutegravir (Tivicay) Triumeq – Abacavir, 
Dolutegravir and Lamivudine 

Elvitegravir (Vitekta) Trizivir – Abacavir, Lamivudine 
and Zidovudine  
 

Raltegravir (Isentress, 
Isentress HD) 

Truvada  or Tenofovir AF and  a 
third approved drug 

Fusion 
inhibitor 
(FI) 

Enfuvirtide (Fuzeon)  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



49 
 

Chapter 2 Bibliography 
1. Rezza et al. Human Herpesvirus 8 Seropositivity and Risk of Kaposi’s Sarcoma and 

Other Acquired Immunodeficiency Syndrome- Related Diseases. NCI J Natl Cancer 
Inst. 1999; 91(17): 1468-1474.doi: 10.1093/jnci/91.17.1468. 
 

2. Jacobson LP et al. Impact of Potent Antiretroviral Therapy on the Incidence of Kaopsi’s 
Sarcoma and non-Hodgkin’s Lymphomas Among HIV-1 Infected Individuals: 
Multicenter AIDS Cohort. JAcquir Immune Defic Syndr. 1999;Sug 1;21 Suppl 1: S34-41. 
 

3. Pellowski JA, Kalichman SC, Matthews KA, Adler N. A pandemic of the poor: social 
disadvantage and the U.S. HIV epidemic. The American Psychologist. 2013;68(4):197-
209. doi:10.1037/a0032694. 
 

4. Chang Y, Cesarman E, Pessin MS, Lee F, Culpepper J, Knowles DM, Moore PS. 
Identification of herpesvirus-like DNA sequences in AIDS-associated Kaposi's sarcoma 
Science. 1994;266(5192):1865-1869. DOI: 10.1126/science.7997879. 
 

5. Moore P, Chang Y. Detection of Herpesvirus-Like DNA Sequences in Kaposi's Sarcoma 
in Patients with and Those without HIV Infection. N Engl J Med. 1995; 332:1181-1185. 
DOI: 10.1056/NEJM199505043321801. 
 

6. A Snapshot of Kaposi Sarcoma: Incidence and Mortality. National Cancer Institute 
website. Published 2014. Accessed March 29, 2016. 
http://www.cancer.gov/research/progress/snapshots/kaposi-sarcoma. 
 

7. Schulz T, Cesarman E. Kaposi Sarcoma-Associated Herpesvirus: Mechanisms of 
Oncogenesis. Current Opinion in Virology. 2015;14:116–128. 

 
8. Bhutani M, Polizzotto M, Uldrick T, Yarchoan R. Kaposi Sarcoma- Associated 

Herpesvirus-Associated Malignancies: Epidemiology, Pathogenesis, and Advances in 
Treatment. Semin Oncol. 2015; 42:223-246. 

 
9. Guidelines for the Prevention and Treatment of Opportunistic Infections in HIV-Infected 

Adults and Adolescents: Human Herpesvirus 8. National Institute of Health website. 
Published May 7, 2013.  Accessed August 10, 2016. 
https://aidsinfo.nih.gov/guidelines/html/4/adult-and-adolescent-oi-prevention-and-
treatment-guidelines/342/hhv-8. 

 
10. Campisi J, d’Adda di Fagangna F. Cellular Senescence: When Bad Things Happen to 

Good Cells. Nature Review Molecular Cell Biology. 2007;8;729-740.  
 

11. Hayflick, L. The limited in vitro lifetime of human diploid cell strains. Exp. Cell 
Res. 1965;37: 614–636. 

 
12. Loaiza N, Demaria M. Cellular Senescence and Tumor Promotion: Is Aging the Key? 

Biochimeica et Biophysica Acta- Reviews on Cancer. 2016;1865: 155-167. 



50 
 

 
13. Flepisi et al. Biomarkers of HIV-associated Cancer. Biomarkers in Cancer. 2014;6 11–20 

doi:10.4137/BIC.S15056. 
 

14. Cavallin LE, Goldschmidt-Clermont P, Mesri EA. Molecular and Cellular Mechanisms 
of KSHV Oncogenesis of Kaposi’s Sarcoma Associated with HIV/AIDS. PLoS Pathog. 
2014;10(7): e1004154. doi:10.1371/journal.ppat.1004154. 

 
15. Ye et al. Mechanisms of Kaposi’s Sarcoma-Associated Herpesvirus Latency and 

Reactivation. Advances in Virology. 2011;193860(19). doi:10.1155/2011/193860. 
 

16. Feller et al. HIV-Associated Kaposi Sarcoma: Pathogenic Mechanisms. Oral Surg Oral 
Med Oral Pathol Oral Radiol Endod. 2007;104:521-9. 

 
17. Saird et al. Virology, Pathogenic Mechanisms, and Associated Diseases of Kaposi 

Sarcoma-Associated Herpesvirus (Human Herpesvirus 8). Mayo Clin Proc. 2002; 
77:941-949. 

 
18. Plancoulaine et al. Epidemiology of Human Herpes Virus 8 (HHV-8) of the Herpes Virus 

Associated with Kaposi’s Sarcoma (KSHV). Pathol Biol. 2002; 50(8):496-502. 
 

19. Morales-Sánchez A, Fuentes-Pananá EM. Human Viruses and Cancer. Viruses. 
2014;6(10):4047-4079. doi:10.3390/v6104047. 

 
20. Sakakibara S, Tosato G. Viral Interleukin-6: Role in Kaposi’s Sarcoma-Associated 

Herpesvirus–Associated Malignancies. Journal of Interferon & Cytokine Research. 
2011;31(11):791-801. doi:10.1089/jir.2011.0043. 

 
21. Ekmekcioglu S, Kurzrock R and Grimm EA. 57 - Hematopoietic Growth Factors and 

Cytokines, In The Molecular Basis of Cancer (Fourth Edition), edited by John 
Mendelsohn, Joe W. Gray, Peter M. Howley, Mark A. Israel and Craig B. Thompson, 
Content Repository Only!, Philadelphia, 2015, Pages 789-808.e4, ISBN 9781455740666, 
https://doi.org/10.1016/B978-1-4557-4066-6.00057-3. 
 

22. Meijide H et al. Increased incidence of cancer observed in HIV/hepatitis C virus-co-
infected patients versus HIV-mono-infected. AIDS. 2017; 31(8):1099–1107.  

 
23. Deeks S, Lewin S, Havier D. The end of AIDS: HIV infection as chronic disease. Lancet. 

2013; 382;1525–1533. 
 

24. Autran B et al. Positive effects of combined antiretroviral therapy on CD4+ T-cell 
homeostasis and function in advanced HIV disease. Science. 1997; 277;112–116.. 
 

25. Nguyen HQ, Magaret AS, Kitahata MM, Van Rompaey SE, Wald A, Casper C. 
Persistent Kaposi sarcoma in the era of HAART: characterizing the predictors of clinical 
response. AIDS. 2008;22(8):937-945. doi:10.1097/QAD.0b013e3282ff6275. 



51 
 

 
26. Shiels M, Cole S, Wegner S, et al. Effect of HAART on Incident Cancer and Non-Cancer 

AIDS Events among Male HIV Seroconverters. Journal of acquired immune deficiency 
syndromes. 2008;48(4):485-490. doi:10.1097/QAI.0b013e31817dc42b. 
 

27. Sarcoma- Kaposi: Statistics. American Society of Clinical Oncology website. Published 
March 2017. Accessed March 28, 2018. https://www.cancer.net/cancer-types/sarcoma-
kaposi/statistics.  
 

28. Ammassari A et al. Correlates and predictors of adherence to highly active antiretroviral 
therapy: Overview of published literature. J of Acquired Immune Deficiency Syndrome. 
2002;31(Suppl 3):S123-7.  
 

29. Tips for Common Side Effects: HIV/AIDS. US Department of Veterans Affairs website. 
Updated March 2016. Accessed March 28, 2018. https://www.hiv.va.gov/patient/drug-
dosing-toolkit/side-effects-tips.asp. 
 

30. Garbelli A et al. How to win the HIV-1 drug resistance hurdle race: running faster or 
jumping higher? Biochemical Journal. 2017;474(10):1559-1577. DOI: 
10.1042/BCJ20160772. 
 

31. Kaslow RA, Ostrow DG, Detels R, Phair JP, Polk BF, Rinaldo CR. The Multicenter 
AIDS Cohort Study (MACS): Rationale, organization, and selected characteristics of the 
participants. Am J Epidemiol. 1987;126:310–18. 

 
32. Becker JT, Kingsley LA, Molsberry S, et al. Cohort Profile: Recruitment cohorts in the 

neuropsychological substudy of the Multicenter AIDS Cohort Study. International 
Journal of Epidemiology. 2015;44(5):1506-1516. doi:10.1093/ije/dyu092. 

 
33. Dudley J, Jin S, Hoover D et al. The Multicenter AIDS Cohort Study: retention after 9 ½ 

years. Am J Epidemiol. 1995;142:323–30. 
 

34. Alcohol and Cancer Risk. National Cancer Institute website. Published June 24, 2013. 
Accessed March 28, 2018. https://www.cancer.gov/about-cancer/causes-
prevention/risk/alcohol/alcohol-fact-sheet.  

 
35. Smoking and Cancer. Center for Disease control and Prevention website. Published 

January 23, 2017. Accessed March 28, 2018. 
https://www.cdc.gov/tobacco/campaign/tips/diseases/cancer.html.  

 
 
 
 
 
 



52 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

Chapter 3 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 



53 
 

Associations of serum inflammatory biomarkers and Kaposi’s sarcoma in men who have 
sex with men from 1984- 2010 

 
Introduction: 

 Kaposi’s sarcoma (KS) has been an acquired immune deficiency syndrome (AIDS) 

defining illness since the beginning of the outbreak in the early 1980s. In those who are HIV and 

human herpes virus 8 (HHV-8) co-infected and untreated with antiretroviral therapy over a 10-

year period, there is an estimated 30% risk of developing AIDS-KS 1, 2. AIDS-KS has persisted 

at higher levels in persons with HIV despite effective antiretroviral treatment and remains a 

significant threat of morbidity and mortality in those who are HIV infected3-6.  

 Since the initiation of highly active retroviral therapy (HAART), the incidence of AIDS-

KS has declined from approximately 25.2 cases per 1000 person-years to 7.5 cases per 1000 

person-years in the US, but has not, as was previously expected, been eliminated2. The reason 

AIDS-KS has persisted is not well understood and AIDS-KS has continued to contribute 

significant morbidity and mortality globally3, 6. HAART lowers the viral load and can help raise 

the CD4+ cell count, which helps restore the immune system and slows AIDS defining illness 

progression7-10. HAART has also been shown to cure AIDS-KS more effectively when taken in 

conjunction with chemotherapy, when compared to chemotherapy alone 9-12. While it is clear that 

HAART can ameliorate existing AIDS-KS, and prevents the development of AIDS-KS, AIDS-

KS can develop despite HAART use9-11.  

 Human herpes virus 8 (HHV-8) is a necessary infection for AIDS-KS to occur1, 13-15. It is 

estimated that the prevalence of HHV-8 in high risk groups ranges from 20-77%, leaving many 

at risk of AIDS-KS development13, 16. This infection is lifelong and currently has no effective 

treatment16. While apparently benign in immunocompetent persons, in the absence of 

immunoregulatory control, HHV-8 infection can transition from latent to lytic, thereby 
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contributing to a chronic inflammatory response17-22. This inflammation and immune activation 

leads to a favorable environment for the development of cancer, in particular, the development of 

AIDS-KS17, 18. This, in combination with HHV-8’s own oncogenic properties, in which lytic 

infections HHV-8 has several genes that encode pro-tumor growth and angiogenic functions 

create the opportunity for KS to develop23.  

 Immune activation and inflammation can be assessed by measuring levels of cytokines, 

chemokines and soluble receptor molecules in serum, prior to the development of physical 

cancer symptoms, using multiplexed immunometric assays15, 24-26. This provides the opportunity 

to investigate the inflammation and immune activation associated with HHV-8 infection, prior to 

the clinical development of AIDS-KS. The aim of this study was to assess the hazards of select 

biomarkers at 1 year and 2 years prior to AIDS-KS diagnosis and all visits preceding diagnosis, 

in a prospective cohort of men who have sex with men, the Multicenter AIDS Cohort Study 

(MACS).  

 

Materials and methods: 

Population description: 

Briefly, the MACS is a prospective cohort of men who have sex with men that was 

established in 1988 with subsequent recruiting periods from, 1987-1991, 2001-2003 and from 

2014 to the present from academic institutions in Los Angeles, Baltimore, Pittsburgh and 

Chicago and consists of 6,972 men27-29. The cohort collects survey data using in-person 

interviews, as well as paper and computer assisted direct interviews every 6 months to study the 

natural history, treatment effects and other clinical manifestations of HIV. Survey topics 
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included demographics, psychosocial and behavioral factors, medical history and health service 

access. A physical exam and blood draw was also completed at each visit.  

A prospective longitudinal biomarker sub-study (termed the “ARRA1” study), with the 

goal of evaluating the role of inflammation and immune activation in HIV infection, was carried 

out in the MACS, and has been previously described30. In this study, immune/inflammation-

associated serum biomarkers were quantified in samples from 1885 subjects in the MACS, 

including all HIV seroconverters, all HAART initiators, and all subjects who developed AIDS in 

the cohort, as well as all long term non-progressors. The current study focuses on 24 biomarkers 

of inflammation and immune activation measured in this larger MACS sub-study. This sub-study 

is reviewed annually and approved by the UCLA Institutional Review Board. 

 

Data Acquisition and Quality Control 

Data were requested from the MACS data center for all of the ARRA1 biomarker 

participants. The biomarker data from each of the visits were assessed in the ARRA1 sub-study. 

Potential cofounders included co-infections, smoking, alcohol intake, sexual activity, weight, and 

drug types. 

 In addition, a list of each individual’s dates and methods of HIV seroconversion, cancer, 

HHV-8 and AIDS diagnoses; dates of first and last HIV treatment and the type; cause of death if 

applicable, date of birth; race/ethnicity; highest educational status attained; the date of the 

participants first and last visit dates for the study; and MACS location.  

 The data were merged into SAS to create a large composite data set of longitudinal data. 

Some of the visits between those with biomarker and those with other longitudinal markers were 

temporally discordant, leaving many observations with many missing values. To alleviate this 
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the biomarker and covariate data points that were missing were carried over from the previous 

study visit for each participant.  

A follow up time variable was created with the time from the first visit that the individual 

was HIV seropositive to either diagnosis of AIDS-KS or the final visit. A longitudinal AIDS-KS 

variable was created for time points when the participant had not been diagnosed with AIDS-KS 

and at the visit where the participant. A static AIDS-KS variable was created if a participant was 

ever diagnosed with AIDS-KS. Both of these AIDS-KS indicators were created based on the date 

of AIDS-KS from the AIDS outcome variables given by the MACS consortium. The age at first 

and last visits were also created using date of birth and the date first included in the study and the 

date of the final visit or diagnosis of AIDS-KS respectively. All visits prior to HIV seropositivity 

and after AIDS-KS diagnosis were excluded.  

 

Covariates and confounding variables 

 The potential confounders identified above were assessed for outliers, skewness, missing 

values and other irregularities. Pearson correlations between potential covariates was assessed 

with no relationships with r2>0.75 being identified. The averages for the potential covariate 

variables can be found in Table 1 for the overall level and stratified by case status.  

 

Biomarker variables 

 A total of 24 biomarkers were assessed including: eotaxin, GM-CSF, IFN-γ, IL-12p70, 

IL-1β, IL-2, BAFF, sCD14, IL-6, sIL-6R, IL-10, sGP130, sIL-2Rα, BLC-BCA1, CD27, sTNFR-

2, IL-8, sCRP, IP-10, MCP-1, MCP-4, MIP 1β, TARC and TNF-α. Each biomarker was assessed 

for skewness, outliers and missing values. Most markers were skewed to the left with extreme 
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outliers. Scatterplots and percentiles were created for each marker. Values below the detectable 

level were assigned half the lowest limit for the biomarker and values above the detectable level 

were assigned the highest value. Five the biomarkers had over 10% of values falling below the 

lowest detectable limit, including GM-CSF, IFN-γ, IL-12p70, IL-1β and IL-2, with the amount 

missing equivalent to 33.6%, 29.5%, 10.6%, 32.1% and 18.7%, respectively. There were two 

significant correlations between biomarkers with r2>0.75: IL-10 and IL-12p70 (r=0.77) and IL-

1β and IL-6 (r=0.80). The averages for each biomarker can be found below for the overall levels 

and stratified by case status.  

 

Analysis strategies 

 Descriptive statistics were determined for age at first visit, age at last visit, BMI at last 

visit, CD4+ cell count at last visit, viral load at last visit, race, education, smoking status, history 

of radiation treatment, hospitalizations in the last 6 months prior to last visit, HBV and HCV 

infection status, vital status, cohort, use of alcohol/medications/drugs- including HIV 

medications, and sexual activity. The averages and standard errors were calculated for all 

members in the cohort, and stratified by AIDS-KS cases and those unaffected.  

Cox Proportional Hazards models were run for each of the biomarkers for all available 

visits, for visits occurring within one year prior to diagnosis or the last study visit, and for visits 

occurring within two years prior to diagnosis or the last study visit. The multiple time points 

were chosen to allow for the investigation of trends as the diagnosis date approached while 

maximizing the number of visits available. Specifically one and two years prior to diagnosis 

were chosen to assess the change in the marker concentrations as AIDS-KS developed into pre-

clinical and clinical phases.  
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For each log transformed marker two models were run: 1. a model including age at last 

visit, CD4+ cell count, race/ethnicity and 2. A model adjusting for HBV co-infection, HCV co-

infection, race/ethnicity, age at last visit, education, smoking and CD4+ cell count.  The markers 

were log transformed after being assessed for skewness and determined for each marker that the 

log transformation resulted in models that statistically significantly fit as well or better as 

untransformed markers as assessed by likelihood ratio testing. To assess the effects of multiple 

testing a false discovery rate (FDR) of 0.1 was implemented to generate p-values.  

 

Results: 

Population description 

 In general, men were an average age of 39.5 (SE=8.3 years) at their first study visit, with 

those who were later diagnosed with AIDS-KS being younger, being 33.2 (SE=7.61 years) and 

39.6 (SE=8.3 years). AIDS-KS cases had on average lower BMI (23.3, SD=3.37) at their last 

study visit, which is in the normal range, than those unaffected (25.1, SE =4.3), which is 

considered slightly overweight. AIDS-KS cases had significantly lower average CD4+ cell 

counts at their last visit, 204 cells (SE =187.4) , compared to those unaffected, 542 cells (SE 

=327.7) , but a lower viral load of 18,800 copies/ml (SE =222,450 copies/ml) compared to 

40,700 copies/ml (SE =176,200 copies/ml)  in those unaffected at last study visit. Cases were 

more likely than those unaffected to have no HIV therapy (34.7% vs. 14.1%), monotherapy 

(28.9% vs. 3.3%) and less likely to have potent ART (20.4% vs. 73.8%).  

 Those subjects who developed AIDS-KS were more likely to be white (83.5%), 

compared to those unaffected (58.2% white). The second most common race in both groups was 

African American 10.1% among cases and 26.2% among those unaffected. The case group was 



59 
 

more likely to have more than a high school education, with 91.0% having some college or more, 

compared to 75.4% of those unaffected. The population was relatively evenly distributed from 

each of the four MACS sites; however more AIDS-KS cases originated from the Los Angeles 

site (41.8%) compared to 30.3% of those unaffected. AIDS-KS cases were also more common in 

the 1984 cohort with 64.6% of cases from this cohort compared to 35.4% of those unaffected, 

and much less prevalent in the 2010 cohort, with 11.4% of cases from this time compared to 

42.3% of those unaffected.  

Smoking rates were comparable between both groups, as was past history of radiation 

exposure, hospital stays in the 6 months prior to their last visit, and HCV infection status. Cases 

were more likely to have a history of HBV infection with 16.4% being negative and 24.5% of 

those unaffected being negative.  Use of anti-inflammatory drugs, steroids, injection drug use, 

alcohol use and sexual activity since the last visit were similar between cases and those 

unaffected. Those unaffected had a lower use of statins (77.5%) compared to cases (98.0%).  

 A full description of demographic information for the population is located in Table 1.  

 

All Available Visits Analysis 

 There were a total of 10,263 visits analyzed with 568 visits from 79 individuals who 

developed AIDS-KS and 9695 visits from 1422 individuals who did not.  

 A minimally adjusted model taking into account the participant’s time of first visit, CD4+ 

cell count and race/ethnicity was conducted. Only three of the markers achieved statistical 

significance at α=.05, (sIL-2Rα (HR=2.37, 95% CI = (1.3, 4.2), p=.0033), IL-10 (HR=1.51, 95% 

CI = (1.2, 1.9), p=.0002) and IP-10 (HR=1.52, 95% CI = (1.0, 2.3), p=.0386) and two of the 

markers achieved study wide significance as determined by an FDR of 0.10, sIL-2Rα, and IL-10 
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with IP-10 losing significance. These markers show an increased hazards for every log increase 

in the marker. Several markers bordered significance prior to adjustment for multiple testing, 

including MCP-1 (HR= 2.02, 95% CI= .99, 4.1, p=.0539), MIP-1β (HR=.782, 95% CI= .72, 1.6, 

p=.0972) and sGP130 (HR=.31, 95% CI= .08, 1.2, p=.0913), but all were out of this border range 

when adjusted for multiple testing.  

 The fully adjusted model used HBV and HCV infection, race/ethnicity, the participant’s 

time of first visit, education, smoking and CD4+ cell count as covariates. The same log 

transformed markers maintained significance: sIL-2Rα (HR=2.61, 95% CI = (1.47, 4.66), 

p=.0011), IL-10 (HR=1.47, 95% CI = (1.17,1.85), p=.0009) and IP-10 (HR=1.60, 95% CI = 

(1.05, 2.42), p=.0271) prior to adjustment for multiple testing and same markers, sIL-2Rα. And 

IL-10, were still statistically significant after adjustment for multiple comparisons, while IP-10 

fell out of significance. The hazards for sIL-2Rα and IP-10 are slightly higher in the fully 

adjusted model, while IL-10 had a slightly lower hazards. These were well within the 95% 

confidence interval for the minimally adjusted model and further adjustment does not appear to 

dramatically change the estimates.  

In addition, prior to adjustment for multiple testing, MCP-1, sTNFR-2, CD-27 regained 

significance with HR= 2.29 (95% CI = (1.08, 4.85), p= .0313), HR=2.09 (95% CI= (1.2, 3.7), 

p=.0130) and HR= 1.98 (95% CI = (1.15, 3.42), p=.0144) respectively, but were insignificant 

when multiple testing was taken into account. 

In all models the age at the time of first visit induced statistically significant increases in 

hazard ratios for each year increased in age and every 1,000 increase in CD+ cells was 

statistically significantly related to a decrease in the hazard ratio. Race displayed borderline 
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significance in most models, but no other covariates were found to be significant predictors. A 

description of all markers and their hazards for each model are given for each biomarker below.  

 

Two Year Prior to Diagnosis Analysis 

The analysis for the two years prior to diagnosis was conducted by only including visits that 

occurred in the 2 years prior to AIDS-KS diagnosis or in the two years prior to those unaffected 

last visit. There were 2,509 visits with 141 visits from 36 AIDS-KS cases and 2,368 unaffected 

visits from 733 participants.  

 The minimally adjusted model resulted in two statistically significant markers prior to 

adjustment for multiple testing. These were IL-10 (HR=1.34, 95% CI= (1.0, 1.7), p=.0244) and 

MCP-4 (HR=.50, 95% CI= (.26, .96), p=.0358), but were no longer significant when adjusted for 

multiple comparison. Several markers neared significance at the α= .05 level, including sIL-2Rα 

(HR=1.80, 95% CI = (.96, 3.4), p=.0661), IL-6 (HR=.78, 95% CI = (.59, 1.0), p=.0749), IL-8 

(HR=.64, 95% CI = (.39, 1.1), p=.0908), and sGP130 (HR=.282, 95% CI = (.07, 1.2), p=.0820).   

 The fully adjusted model resulted in three markers which had statistically increased 

hazard ratios when the marker was log transformed. These include both from the minimally 

adjusted model, MCP-4 (HR=.403, 95% CI = (.20, .83), p=.0132) and IL-10 (HR=1.319, 95% CI 

= (1.01, 1.72), p=.0394), as well as IL-6 (HR=.711, 95% CI = (.51, .98), p=.0397). Again, once 

taking into account multiple comparisons IL-6, IL-10 and MCP-4 were not study wide 

significant. These ratios seem to be stable at different levels of adjustment, with the changes 

being within the 95% confidence interval. Similarly, several neared significance; sIl-2Rα 

(HR=1.812, 95% CI = (.97, 3.39), p=.0633), IL-8 (HR=.634, 95% CI = (.38, 1.06), p=.0834), and 

CD27 (HR=1.608, 95% CI = (.93, 3.39), p=.0915).  
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One Year Prior to Diagnosis Analysis 

The analysis for one year prior to diagnosis was conducted using only visits that occurred 

in the year prior to an AIDS-KS diagnosis or the participant’s last visit. There were a total of 

1340 visits, 78 AIDS-KS case visits from 28 individuals and 898 non case visits from 410 

participants.  

A minimally adjusted model including participant’s time of first visit, CD4+ cell count and 

race/ethnicity was run with each log transformed marker. Only one marker achieved statistical 

significance on a per test basis: IL-10 (HR=1.315, 95% CI = (1.0, 1.7), p=.0361) but after 

adjustment for multiple testing it was no longer significant. IL-6 bordered on significance with 

hazards of .761 (95% CI = (.58, 1.0), and p=.0536), as did sIL-2Rα (HR=1.833, 95% CI = (.97, 

3.5), p=.0642), but both were no longer significant when considering multiple comparisons.  

In the fully adjusted model, which accounted for the previous covariates and added HBV 

infection, HCV infection, education and smoking, resulted similarly, the log transformation of 

the markers one marker having a statistically significantly decreased hazard ratio , IL-6 

(HR=.701, 95% CI = (.51, .98),  p=.0365). IL-10 continued a trend with an HR= 1.274, (95% CI 

= (.98, 1.67)) but lost statistical significance with p=.0751. MCP-4 and sIL-2Rα also continued 

their trends with HR=.511, 95% CI = (.24, 1.1), p=.0824 and HR=1.760, 95% CI = (.92, 3.36), 

p=.0862 respectively. While the adjustment for multiple comparisons resulted the loss of 

statistical significance for all markers, the consistency of the ratios levels at different levels of 

adjustment at each time point was notable. 

The models fully adjusted for relevant covariates were found to have statistically 

significantly better fit than the partially adjusted model using a likelihood ratio test, but the 

hazard ratios did not change appreciably with the additional variables. Consistently, the time of 
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first visit and CD4+ cell count were strongly statistically significant, with a hazard ratios 

indicating increased age and decrease CD4+ cell counts as sources of increased risk. 

Race/ethnicity bordered significance depending on the marker and all other covariates were not 

found to be significant indicators. A description of all markers and their hazards for each model 

are given for each biomarker below. 

 

Discussion: 

 The Cox models allowed investigation using all of the available longitudinal data 

collected which allowed for hazard’s ratios to accurately reflect the actual difference in those 

who did and did not develop AIDS-KS from participants with more than one visit in the study 

timeframe. The three time points; including all visits, the visits for the 2 and 1 year prior to 

diagnosis or censoring allowed the review of trends as AIDS-KS progresses. At all three time 

points used markers were analyzed for statistical significance and adjusted for multiple 

comparisons, giving a potentially clearer picture of the inflammatory and immune environment 

prior to AIDS-KS diagnosis.  

The trends of the hazards for the biomarkers remained stable through each of the time 

periods, although those that achieved statistical significance changed. In particular the 1 and 2 

year models were very similar, indicating possible stable trends in the biomarker concentrations 

up to 2 years before diagnosis.  

There were four biomarkers; IL-6, MCP-4, IL-8 and sGP130, which consistently had 

statistically significantly lower hazards ratios implying a reduced risk of AIDS-KS for a unit 

increase in the marker. IL-6 in particular, had a consistently low concentration as diagnosis 

approached. This may be due to the existence of an HHV-8-encoded viral version of IL-6 (vIL-
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6), which HHV-8 is capable to making independently to promote an immune response31. It is 

possible that the ability of HHV-8 to express vIL-6 may prompt a decrease in the production of 

cellular IL-631.  

Unexpectedly, IL-8 concentrations were also found to be low, although not statistically 

significantly so. IL-8 has high angiogenic activity, which is associated with the highly 

vascularized AIDS-KS tumors32. Past studies have found higher levels of IL-8 in tumors and it 

was expected that leading up to AIDS-KS diagnosis this marker would be elevated, but it was 

consistently depressed at all three time points32. This discrepancy may be due to the peripheral 

blood being analyzed as opposed to tumor tissue, where concentrations of IL-8 may be higher.  

In addition, sGP130 binds to the IL-6 receptors to stabilize the binding of IL-6 to create a 

high affinity receptor and facilitate signal transuction33. This consistent reduction in sGP130 

mirrors that of IL-6, but was not statistically significant at any time point. vIL-6 is able to utilize 

sGP-130 for signal transduction without the presence of IL-6 being necessary34. The low levels 

may be mirroring the reduction in IL-6, but it is unclear whether or not the levels are consistent 

with vIL-6’s use of sGP130. MCP-4 is induced by IL-1 and TNF-α and is pivotal in recruiting 

lymphocytes during periods of inflammation35. MCP-4’s value was consistently lower in AIDS-

KS patients at all time periods prior to diagnosis and may indicate the immune system 

exhaustion due to the co-infection.  

Several remaining markers including; sIL-2Rα, sIL-6R, IL-10, MCP-1, sTNFR-2 and 

CD-27, have increased the hazards with increasing concentrations, indicating that increased 

amounts are more associated with AIDS-KS. sIL-2Rα, IL-10 and CD-27 are involved in the 

proliferation and activation of TH1 cells, which are active in acute infections33. This may be 

related to the reactivation of HHV-8 from the latent to the lytic phase. sTNFR-2 is also elevated 
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and is associated with enhanced inflammatory responses, anti-viral activity and cell death33. This 

elevated response in those with AIDS-KS may be due to enhanced viral activity and oncogenic 

activity. vIL-6 is able to induce signaling of MCP-1, which can affect cellular migration and 

metastasis of tumor cells. These increased levels may also indicate increase vIL-6 activity as 

AIDS-KS develops36.  

The adjusted model used the participant’s age at first visit, race/ethnicity and CD4+ cell 

count as fixed effects. CD4+ cell count was used to estimate the treatment effects of any 

antiretroviral medications, without needing to model the time since HAART was initiated and 

does not adjust for gaps in treatment, changes to the type of HAART, adherence or other 

irregularities in treatment. The participant’s age at first visit was chosen with the intention that 

this single variable could adjust for any cohort effects as well as approximate age of the 

participant, estimating most men were similarly aged when they enter their cohort. This, 

however, is not completely accurate and may leave residual bias on both factors.  

A limitation of this study is the common model used for all biomarkers rather than a 

unique model for each biomarker. This was done to ease the interpretation of the results, as well 

as to account consistently for relevant covariates across the study visits and markers. The study 

also utilized multiple tests with a single hypothesis and requires multiple testing correction in 

order to avoid excessive false positives.  

These results may also be affected because many of the visits analyzed are well before 

AIDS-KS development and many of those unaffected who were selected for the ARRA1 sub-

study may have developed another AIDS defining illness (lymphoma or other cancer) that may 

make the groups appear more similar when taken in total and thus bias results toward a null. In 

addition, the visits were not consistently spaced. The visits that were chosen for inclusion into 
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the ARRA1 sub-study were not done so specifically for this study and therefore can be clustered 

around non-relevant time points and may not always be the most accurate representation of the 

marker in terms of the cancer’s timing. 

 The aim of this study was to quantify the relationships between certain inflammatory and 

immune activating biomarkers and the longitudinal risk of AIDS-KS. This dataset is one of the 

largest and most robust available and indicates that in men there may be a significant decline in 

IL-6, MCP-4 and MIP-1β as the AIDS-KS develops as well as an increase over time of other 

inflammatory markers. This information, in combination with other diagnostic and demographic 

factors, may assist in the early detection of AIDS-KS via blood draw for men who are HIV and 

HHV-8 co-infected. Further research is needed to determine how a predictive model may be 

created using these biomarkers and demographic factors.   

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



67 
 

Chapter 3 Tables and Figures: 

Table 1: Demographics 
 Total (%)  KS (%) No KS (%) P-

Valuet 

Average age at first visit 39.45 (SD= 8.30 
years) 

33.21 (SD=7.61 
years) 

39.61 (SD= 8.26 
years) 

 

Average age* 51.26 (SD=11.27 
years) 

39.32 (SD= 7.11 
years) 

52.85 (SD=11.11 
years) 

 

Average time from first 
visit with HIV diagnosis 
to last visit 

52.19 (SD=6.72 
years) 

34.72 (SD=4.67) 52.62 (SD=6.18 
years) 

 

Average BMI* 25.03 (SD=4.25) 23.33 (SD=3.73) 25.11 (SD=4.25) .0020 
Average CD4+ cell 
count* 

526.38 
(SD=330.22) 

204.04 
(SD=187.38) 

541.82 
(SD=327.72) 

<.0001 

Average viral load* 45,973.08 
(SD=18,0045.78) 

188,139.97 
(SD=222,453.21) 

40,668.34 
(SD=176,206.08) 

.0004 

Race 1501 (100) 79  1422  .0096 
White 893 (59.49) 66 (83.50) 827 (58.16)  
African American 380 (25.32) 8 (10.13) 372 (26.16)  
Hispanic 101 (6.73) 2 (2.50) 99 (6.96)  
Hispanic/African 
American 

14 (.93) 0 (0) 14 (.99)  

Asian or Pacific 
Islander 

5 (.33) 1 (1.26) 4 (.28)  

American Indian or 
Alaskan Native 

2 (.13) 0 (0) 2 (.14)  

Other 15 (1.00) 1 (1.26) 14 (.99)  
Other Hispanic 91 (6.06) 1 (1.26) 90 (6.33)  

Education 1497 (100) 78  1419  .0017 
Less than 9th Grade 32(2.14) 0 (0) 32 (2.25)  
9-11th Grade 79 (5.28) 2 (2.56) 77 (5.42)  
12th Grade 245 (16.37) 5 (6.41) 240 (16.91)  
College- Less than 4 
years 

493 (32.93) 31 (39.74) 462 (32.56)  

College- 4 years 288 (19.24) 24 (30.77) 264 (18.61)  
Some Graduate 143 (9.55) 12 (15.39) 131 (9.23)  
Post Graduate 217 (14.50) 4 (5.13) 213 (15.01)  

Smoker* 1027 (100) 49 978  .4600 
Current 441 (42.94) 24 (48.98) 417 (42.64)  
Former 586 (57.06) 25 (51.02) 561 (57.36)  

Radiation Treatment-
Ever* 

1049 (100) 49  1000  1.000 

Yes 11 (1.05) 1 (2.04) 10 (1.00)  
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No 1038 (98.95) 49 (97.96) 990 (99.00)  
Hospital in the last 6 
months* 

1048 (100) 49  999  .3494 

Yes 199 (18.99) 12 (24.49) 187 (18.72)  
No 849 (81.01) 37 (75.51) 812 (81.28)  

HBV infection* 1040 (100) 49  991  .0213 
Positive 60 (5.77) 3 (6.12) 57 (5.75)  
Negative 251 (24.13) 8 (16.36) 243 (24.52)  
Resolved 729 (70.10) 38 (77.55) 691 (69.73)  

HCV infection* 1040 (100) 49  991  .7227 
Positive 110 (10.58) 4 (8.16) 106 (10.70)  
Negative 925 (88.94) 45 (91.84) 880 (88.80)  
Unknown 5 (.48) 0 (0) 5 (.50)  

Vital status* 1501 (100) 79  1422  <.0001 
Alive 1077 (71.75) 19 (24.05) 1058 (74.40)  
Dead- AIDS 290 (19.32) 52 (65.82) 238 (16.74)  
Dead- Non-AIDS 119 (7.93) 6 (7.60) 113 (7.95)  
Dead- Unknown 15 (1.00) 2 (2.53) 13 (.91)  

Site 1501 (100) 79  1422  .1185 
Baltimore 357 (23.78) 12 (15.19) 345 (24.26)  
Chicago 358 (23.85) 18 (22.78) 340 (23.91)  
Pittsburgh 322 (21.45) 16 (20.25) 306 (21.52)  
Los Angeles 464 (30.91) 33 (41.77) 431 (30.31)  

Cohort 1501 (100) 79  1422  <.0001 
1984 555 (36.98) 51 (64.56) 504 (35.44)  
1987 195 (12.99) 15 (18.99) 180 (12.66)  
2001-2003 140 (9.33) 4 (5.06) 136 (9.56)  
2010+ 611 (40.71) 9 (11.39) 602 (42.34)  

Use of Anti-
inflammatories* 

1052 (100) 49  1002  .5494 

Yes 388 (36.88) 16 (32.65) 372 (37.13)  
No 663 (63.12) 33 (67.35) 630 (62.87)  

Use of Statins* 1051 (100) 49  1002 .0005 
Yes 226 (21.48) 1 (2.04) 225 (22.46)  
No  825 (78.52) 48(97.96) 777 (77.54)  

Use of Steroids* 1051 (100) 50  1002  .4761 
Yes 223 (21.22) 8 (16.33) 215 (21.46)  
No 828 (78.78) 41 (83.67) 787 (78.54)  

HIV therapy type* 1028 (100) 49  979  <.0001 
No therapy 155 (15.08) 17 (34.69) 138 (14.10)  
Monotherapy 45 (4.38) 13 (28.89) 32 (3.27)  
Combination therapy 95 (9.24) 9 (9.47) 86 (8.78)  
Potent ART 733 (71.30) 10 (20.41) 723 (73.85)  



69 
 

Use of Injection Drugs* 1008 (100) 44  964  1.000 
Yes 33 (3.27) 1 (2.27) 33 (3.42)  
No 975 (96.63) 44 (97.73) 931 (96.58)  

Sexual activity* 1010 (100) 45  965  .1514 
Yes 658 (65.15) 34 (75.56) 624 (64.66)  
No 352 (34.85) 11 (24.44) 341 (35.34)  

Alcohol intake* 1022 (100) 49  973  .1479 
None 267 (26.13) 9 (18.37) 258 (26.52)  
1-3 drinks/week 506 (49.51) 24 (48.98) 482 (49.54)  
4-13 drinks/week 165 (16.14) 8 (16.33) 157 (16.14)  
13+ drinks/week 84 (8.22) 8 (16.33) 76 (7.81)  

*At last visit before censoring   t Pearson’s Chi Squared Test Exact  
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Table 2: Cox Proportional Hazards Results of all visits for each biomarker (NKS= 79 participants 
with 568 visits, NNoKs= 1,422 participants with 9,695 visits) 

 
Marker HR P-

value 
95% CI HR P-value 95% CI 

Eotaxin .986 .9670 .50, 1.9 .939 .8489 .49, 1.8 
GM-CSF .916 .4793 .72, 1.2 .902 .4123 .71, 1.2 
IFN-γ 1.058 .4612 .91, 1.2 1.057 .4663 .91, 1.2 
IL-1β 1.051 .5204 .90, 1.2 1.025 .7583 .88, 1.2 
IL-2 1.091 .2818 .93, 1.3 1.186 .3107 .93, 1.3 
sIL-2Rα 2.374 .0033t 1.3, 4.2 2.613 .0011t 1.5, 4.7 
IL-6 .846 .2558 .63, 1.1 .815 .2048 .60, 1.1 
sIL-6R 1.517 .2159 .78, 2.9 1.847 .0818 .93, 3.7 
IL-8 .813 .2951 .55, 1.2 .815 .2889 .56, 1.2 
IL-10 1.508 .0002t 1.2, 1.9 1.473 .0009t 1.2, 1.9 
IL-12p70 1.036 .6843 .87, 1.2 .997 .9705 .83, 1.2 
IP-10 1.521 .0386 1.0, 2.3 1.596 .0271 1.1, 2.4 
MCP-1 2.020 .0539 .99, 4.1 2.286 .0313 1.1, 4.9 
MCP-4 .666 .1803 .37, 1.2 .606 .0502 .37, 1.0 
MIP 1β .782 .0972 .59, 1.1 .751 .0773 .55, 1.0 
TARC 1.078 .7122 .72, 1.6 .993 .9742 .66, 1.5 
TNF-α 1.078 .7122 .72, 1.6 .993 .9742 .66, 1.5 
sTNFR-2 1.444 .1748 .85, 2.5 2.088 .0130 1.2, 3.7 
BAFF 1.199 .4534 .75, 1.9 1.306 .2619 .82, 2.1 
BLC-
BCA1 

1.344 .3409 .73, 2.5 1.348 .3399 .73, 2.5 

sCD14 1.014 .9773 .39, 2.6 1.381 .5388 .49, 3.9 
CD27 1.404 .1657 .87, 2.3 1.979 .0144 1.2, 3.4 
sGP130 .312 .0913 .08, 1.2 .475 .2977 .12, 1.9 
sCRP .998 .9892 .77, 1.3 .977 .8639 .75, 1.3 

*Adjusted for age at last visit, CD4+ cell count, race/ethnicity 
** Adjusted for HBV co-infection, HCV co-infection, race/ethnicity, age at last visit, education, 
smoking, CD4+ cell count 
t P-values that remain significant after multiple testing adjustment 
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Figure 1: Hazards ratio of transformed markers over all visits in the fully adjusted model (NKS= 
79 participants with 568 visits, NNoKs= 1,422 participants with 9,695 visits) 
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Table 3: Cox Proportional Hazards Results of visits 1 year prior to diagnosis for each biomarker 
(NKS= 28 participants with 78 visits, NNoKs= 410 participants with 898 visits) 
 

 Fully Adjusted** 
Marker HR P-

value 
95% CI HR P-value 95% CI 

Eotaxin 1.067 .8747 .48, 2.4 1.063 .8836 .47, 2.4 
GM-CSF .929 .5922 .71, 1.2 .919 .5561 .70, 1.2 
IFN-γ 1.042 .6349 .88, 1.2 1.032 .7137 .87, 1.2 
IL-1β .991 .9168 .84, 1.2 .976 .7749 .82, 1.2 
IL-2 1.076 .4150 .90, 1.3 1.060 .5230 .89, 1.3 
sIL-2Rα 1.833 .0642 .97, 3.5 1.760 .0862 .92, 3.6 
IL-6 .761 .0536 .58, 1.0 .701 .0365 .50, .98 
sIL-6R 1.311 .4846 .61, 2.8 1.599 .2641 .70, 3.6 
IL-8 .719 .2074 .43, 1.2 .701 .1924 .41, 1.2 
IL-10 1.315 .0361 1.0, 1.7 1.274 .0751 .98, 1.7 
IL-12p70 .995 .9583 .83, 1.2 .994 .9473 .82, 1.2 
IP-10 1.086 .7426 .66, 1.8 1.158 .5696 .70, 1.9 
MCP-1 1.292 .5454 .56, 3.0 1.403 .4532 .60, 3.4 
MCP-4 .565 .1241 .27, 1.2 .511 .0824 .24, 1.1 
MIP 1β 1.025 .8906 .72, 1.5 .998 .9940 .66, 1.5 
TARC .944 .775 .61, 1.5 .932 .7674 .58, 1.5 
TNF-α .944 .7975 .61, 1.5 .932 .7674 .58, 1.5 
sTNFR-2 1.330 .3904 .69, 2.6 1.590 .1929 .79, 3.2 
BAFF .897 .6942 .52, 1.5 .957 .8763 .55, 1.7 
BLC-
BCA1 

.835 .6589 .38, 1.9 .876 .7540 .38, 2.0 

sCD14 1.047 .9266 .39, 2.8 1.161 .7780 .41, 3.3 
CD27 1.440 .1744 .85, 2.4 1.675 .0814 .94, 3.0 
sGP130 .341 .1601 .08, 1.5 .424 .2870 .09, 2.1 
sCRP 1.075 .5736 .84, 1.4 1.069 .6202 .82, 1.4 

*Adjusted for age at last visit, CD4+ cell count, race/ethnicity 
** Adjusted for HBV co-infection, HCV co-infection, race/ethnicity, age at last visit, education, 
smoking, CD4+ cell count 
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Figure 2: Hazards ratio of transformed markers over visits 1 year prior to diagnosis in the fully 
adjusted model (NKS= 28 participants with 78 visits, NNoKs= 410 participants with 898 visits) 

 

 

 

 

 

 

 

 

 

 

 

 



74 
 

Table 4: Cox Proportional Hazards Results of visits 2 years prior to diagnosis for each 
biomarker (NKS= 36 participants with 141 visits, NNoKs= 733 participants with 2,368 visits) 

Marker HR P-
value 

95% CI HR P-value 95% CI 

Eotaxin .912 .8035 .44, 1.9 .911 .7981 .44, 1.9 
GM-CSF .917 .5179 .70, 1.2 .889 .4043 .68, 1.2 
IFN-γ 1.000 .9995 .86, 1.2 .992 .9230 .85, 1.2 
IL-1β 1.015 .8546 .86, 12 .999 .9941 .85, 1.2 
IL-2 1.026 .7473 .88, 1.2 1.008 .9247 .86, 1.2 
sIL-2Rα 1.794 .0661 .96, 3.4 1.812 .0633 .97, 3.4 
IL-6 .780 .0749 .59, 1.0 .711 .0397 .51, .98 
sIL-6R 1.155 .6917 .57, 2.4 1.505 .3026 .69, 3.3 
IL-8 .642 .0908 .39, 1.1 .634 .0834 .38, 1.1 
IL-10 1.343 .0244 1.0, 1.7 1.319 .0394 1.0, 1.7 
IL-12p70 1.008 .8746 .84, 1.2 1.017 .8614 .84, 1.2 
IP-10 .983 .9441 .61, 1.6 1.073 .7805 .65, 1.8 
MCP-1 1.140 .7223 .55, 2.4 1.262 .5716 .56, 2.8 
MCP-4 .497 .0358 .26, .96 .403 .0132 .20, .83 
MIP 1β 1.017 .9267 .72, 1.4 1.006 .9766 .68, 1.5 
TARC .870 .4926 .59, 1.3 .851 .4230 .57, 1.3 
TNF-α .870 .4926 .59, 1.3 .851 .4230 .57, 1.3 
sTNFR-2 1.214 .5285 .75, 2.4 1.485 .2377 .77, 2.9 
BAFF .809 .4383 .47, 1.4 .881 .6568 .51, 1.5 
BLC-
BCA1 

.841 .6539 .39, 1.8 .913 .8224 .41, 2.0 

sCD14 .837 .7121 .33, 2.2 .986 .9781 .35, 2.8 
CD27 1.362 .2205 .83, 2.2 1.608 .0915 .93, 2.8 
sGP130 .282 .0820 .07, 1.2 .362 .1896 .08, 1.7 
sCRP 1.016 .9018 .79, 1.3 1.019 .8890 .78, 1.3 
       

*Adjusted for age at last visit, CD4+ cell count, race/ethnicity 
** Adjusted for HBV co-infection, HCV co-infection, race/ethnicity, age at last visit, education, 
smoking, CD4+ cell count 
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Figure 3: Hazards ratio of transformed markers over visits 2 years prior to diagnosis in the fully 
adjusted model (NKS= 36 participants with 141 visits, NNoKs= 733 participants with 2,368 visits) 
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Decreased levels of the serum inflammatory biomarkers, sGP130 , IL-6, sCRP and BAFF, 
are associated with increased likelihood of AIDS related Kaposi’s sarcoma in men who 

have sex with men 
Introduction: 

AIDS related Kaposi’s sarcoma (AIDS-KS) was one the first HIV related complications 

categorized as an AIDS defining illness. This cancer was studied extensively at the beginning of 

the epidemic, as there is an approximate 30% risk of development if co-infected with HIV and 

the human herpes virus 8 (HHV-8) and untreated over 10 years1, 2. After highly active 

antiretroviral therapy (HAART) was introduced, it was expected the rates of AIDS-KS would 

decrease back to pre-epidemic levels in the US, approximately 3 cases per 1000 person-years 

from the height of epidemic at 25 cases per 1000 person-years2. However, these rates only 

subsided to approximately 7.5 cases per 1000 person-years, adding significant morbidity and 

mortality for those who are HIV positive2-6. 

HHV-8 was discovered in 1994, well after AIDS-KS had been an active concern in the 

HIV epidemic7, 8. The virus is necessary for AIDS-KS to occur and is estimated to have a 20-

77% prevalence in high-risk HIV positive populations1, 9-12. HHV-8 is transmitted horizontally 

and vertically via blood, transplant-related transmission or sexual contact and is generally 

asymptomatic in healthy populations13. HHV-8 is a lifelong infection for which there are 

currently no treatments available12.  

HHV-8 targets the lymphatic system where, after a brief lytic phase, usually enters a 

dormant latent phase, which causes low levels of inflammation 10, 12, 14-16. In those with a 

suppressed immune system, HHV-8 can cycle back into the lytic phase, causing chronic 

inflammation and activated immune response 10, 12, 17-22. This dual inflammation from HHV-8 
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and HIV can fatigue the immune system by introducing additional target cells for both viruses 

and diminishing the resources to fight these and other infections over time16, 10, 12, 17-22. 

This inflammation can be measured via cytokines and chemokines using peripheral 

blood, which provides the opportunity to investigate whether there is a biological pattern of 

inflammation and immune response prior to AIDS-KS development. This traceable biological 

response to HHV-8 and HIV co-infection and the subsequent development of AIDS-KS may 

allow an opportunity to develop a blood based screening test for an at risk population to help 

with early diagnosis and minimize AIDS-KS related morbidity and mortality.  

The goal of this study was to assess the concentrations of inflammatory and immune 

activation biomarkers at specific time points, 0-1 years, 1-2 years, 2-3 years, 3-5 years and over 5 

years prior to diagnosis and, by use of step wise logistic regression, to determine biomarkers that 

may be predictive of AIDS-KS development at 2-3 years prior to diagnosis. This was done with 

a nested case control study of men who have sex with men.   

 

Methods: 

Population Description: 

 Participants were drawn from the Multicenter AIDS Cohort Study (MACS), which is a 

prospective cohort of men who have sex with men that began in 1988 and has had three major 

recruiting periods; 1987-1991, 2001-2003 and 2014-present. Four academic institutions in 

Baltimore, Chicago, Los Angeles and Pittsburgh recruited a total of 6,972 men. These men 

participate in in-person interviews, computer assisted interviews, as well as physical exams, 
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blood collection and clinical lab work at bi-annual visits. Information regarding the HIV’s 

natural history, psychological factors, medical history, demographics, treatment effects and other 

clinical manifestations of HIV are assessed at these visits. The MACS has been comprehensively 

described elsewhere23-25.  

 In 2009 the MACS began the ARRA1 biomarker sub-study with the goal of using the 

cohort’s repository of blood samples to assess the effects of immune activation and inflammation 

in the progression of HIV infection. ARRA1 focused on those participants in the MACS who 

were of particular interest, including long term non-progressors, those who advanced to AIDS 

defining illnesses (including cancer) and those who were HAART resistant. There were a total of 

1885 subjects whose samples were selected and evaluated for biomarkers of inflammation, 

immune activation and viruses. This study is focused on the 24 immune activation and 

inflammation biomarkers. This study was reviewed and approved annually by the UCLA 

Institutional Review Board. 

 

Data Acquisition and Quality Control  

 Data sets including a complete summary of all ARRA1 biomarkers participants’ 

longitudinal biomarker data and time varying confounding information, such as smoking, alcohol 

use, injection drug use, sexual activity, weight, and co-infections, HIV seroconversion dates, first 

and last dates of HIV treatment, as well as a set of demographic information, such as 

race/ethnicity, date of birth, education, MACS location, AIDS and cancer diagnosis information 

was provided by the MACS consortium.  
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 The data sets were combined to create a large composite longitudinal data set. In several 

cases, the visits from the individual longitudinal data sets were differing, resulting in missing 

data. The biomarkers and covariate data were lagged from the previous visit if missing due to the 

data sets having discordant visits. Variables for time prior to diagnosis for cases or the end of the 

study timeframe for controls in days was created based on the last visit date or diagnosis date 

provided by the MACS consortium. All visits prior to HIV seropositivity and after AIDS-KS 

diagnosis were excluded.  

 

Covariates and confounding variables 

 The potential confounders and covariates were assessed for missing values, outliers and 

skewed distributions. The averages and SEs for potential covariates for the time period used in 

the logistic regressions can be found in Table 1 for all participants and stratified by case status. 

Correlations between the potential covariates was also assessed and no correlation was greater 

than 0.75. 

 

Biomarker variables 

 Twenty-four inflammation and immune activation biomarkers were assessed including: 

Interleukins: (IL) 1β, 2, 6, 8, 10, 12p70 and glycoprotein 130 (sGP130)  as well as receptors , 

sIL-2Rα and sIL-6R; chemokines: eotaxin, MCP-1, MCP4, MIP 1β, TARC, BLC-BCA1 and IP-

10; and other markers including: GM-CSF, IFN-γ, BAFF, sCD14, CD27, sTNFR-2, sCRP, and 

TNF-α.  

Each of the biomarkers were assessed for outliers, missing values and skewness. Most 

markers were skewed to the left with extreme outliers. For biomarkers with values below the 
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detectable level, they were revalued as half of the lowest limit for the biomarker and values 

above the detectable level assigned the highest value. There were five biomarkers that had 

greater than 10% of values were that were below the lowest detectable limit: IL-1β, IL-2, IL-

12p70, GM-CSF and IFN- γ  with 32.1%, 18.7%, 10.6%, 33.6% and 29.5% missing respectively. 

There were two significant correlations between biomarkers were greater than 0.75: IL-10 and 

IL-12p70 (r=0.77) and IL-1β and IL-6 (r=0.80).  

 

Analysis strategies 

 The average concentration of each biomarker was estimated for all participants, for 

AIDS-KS cases only and for unaffecteds only, at 0-1 years prior to diagnosis, 1-2 years prior, 2-3 

years prior, 3-5 years prior and greater than 5 years prior to diagnosis. Non-parametric Kruskal-

Wallis tests were performed to assess the statistical difference between cases and controls at each 

time-point. Although participants’ visits were every 6 months in the MACS, the number of case 

and control visits varied based on the actual visits available in that timeframe that were analyzed 

by the ARRA1 sub-study.  

Analysis of the latest visit in the 2-3 year window prior to diagnosis or the participant’s 

last visit was used for descriptive statistics and logistic regression models. This timeframe was 

selected because there were the highest number of participants’ visits available and it was a 

notable pivot point for several biomarkers as participants approached AIDS-KS diagnosis. Each 

participant who was seen during this timeframe contributed 1 visit to the analysis.  

Descriptive statistics, including age, BMI, CD4+ cell count, HIV viral load, 

race/ethnicity, education, smoking status, history of radiation treatment, history of 
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hospitalizations in the last 6 months prior to the visit, hepatitis B (HBV) and C (HCV) infection 

status, cohort, alcohol use, injection drug use, HIV medication use and sexual activity, were 

calculated for all study members, as well as separately for AIDS-KS cases and controls.  

 A nested case-control design was employed to assess the odds of AIDS-KS with respect 

to each biomarker and demographic information. Logistic regression was used to assess the odds 

of developing AIDS-KS given the natural logarithmic change in each biomarker. A univariate 

model was run for each biomarker and an adjusted model including age, CD4+ cell count, 

education status, race/ethnicity, HBV status, HCV status and smoking status using data from the 

2-3 year window prior to diagnosis or the participant’s last visit. All log transformed markers and 

the covariates were then entered into forward and backward stepwise logistic regressions in order 

to determine a possible predictive model for estimating risk of AIDS-KS at 2-3 years prior to 

diagnosis. Controls were selected based on participation in the ARRA sub-study for at least one 

visit during the period between 2-3 years prior to diagnosis. The visit in this timeframe closest to 

diagnosis was selected if more than on visit was available. A total of 37 AIDS-KS cases and 668 

controls were used. All statistical analyses were performed using SAS Software 9.4 (SAS 

Institute, Cary, NC, USA, 2018).  

 

Results: 

Population description 

 The average age for all participants was 52.5 (SE = 12.45) years, with those participants 

who were AIDS-KS cases being an average of 34.58 (SE = 13.10) years old and controls were 

53.5 (SE = 11.64) years old. The average BMI was 23.76 (SE = 3.66) kg/m2 in AIDS-KS cases 
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and controls were slightly overweight with an average of 25.42 (SE = 4.39) kg/m2. The average 

CD4+ cell count and viral load varied significantly between cases and controls with cases having 

cell counts of 373.89 (SE = 156.08) cells and a viral load of 100,579 (SE =130,706) copies/ml, 

while controls had 582.04 (SE =298.36) cells and a viral load of 37,944.65 (SE =271,527) 

copies/ml. There was also a significant difference in the type of therapy for HIV used by cases 

and controls. Among cases 51.61% took no therapy compared to 11.66% of controls; 22.58% of 

cases had monotherapy compared to 3.37% of controls; 9.68% of cases took combination 

therapy compared to 6.90% of controls and only 16.13% of cases took potent ART compared to 

78.07% of controls.  

 Subjects in both groups were more likely to be white, with 83.78% of cases and 58.53% 

of controls identifying as white. In addition, 8.11% of cases and 27.84% of controls identified s 

African American and 2.7% of cases and 11.64% of controls identified as Hispanic. The cases 

were more likely to have completed high school or college with 47.22% having a high school 

diploma as their highest educational attainment and 52.78% having graduated college. Of the 

controls 8.25% did not complete high school, while 50.22% have a high school diploma as their 

highest educational attainment and 41.53% having finished college. Cases were more likely to be 

recruited at the Los Angeles site, with 48.65% of them originating there compared to 27.84% of 

controls, while only 5.41% of cases came from Baltimore compared to 26.65% of controls. 

AIDS-KS cases were also more common in the 1984 cohort with 64.86% of cases from this time 

compared to 35.93% of controls. The controls were most likely to be from the 2010 period, from 

which 41.92% of controls and 10.81% of cases originated.  

 The rates of HBV and HCV infection were similar in both groups, as was radiation 

exposure, hospital stays within 6 months prior to the visit and the use of alcohol and steroids. 
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The use of anti-inflammatory drugs and statins were both higher in the control group compared 

to the case group (42.51% of controls vs. 21.62% of cases and 25.60% of controls vs. 2.75% of 

cases respectively). Cases were more likely to be current smokers (62.16%) compared to controls 

(42.22%) and were more likely to have had sexual activity since their last visit, with 94.59% of 

cases reporting activity compared to 66.36% of controls. A detailed description of demographic 

information for the population is located in Table 1.  

 

Analysis of Biomarker Concentration Averages  

 Over 5 Years Prior to Diagnosis 

The remaining 11,114 visits from 797 participants that took place over five years prior to 

diagnosis included 92 visits from 21 AIDS-KS cases and 11,022 visits from 776 controls. Eight 

of the eleven biomarkers that were higher in the AIDS-KS cases between 3-5 years before 

diagnosis remained significantly higher, with the exceptions of IFN-γ, and BAFF, while eotaxin 

became statistically significant. Five biomarkers that were statistically significant between 3-5 

years before diagnosis, sGP130, IL-2, IL-6, sCRP, MCP-4 and MIP-1β were still significant, as 

well as TARC.  

 

3 to 5 Years Prior to Diagnosis 

Between three and five years prior to diagnosis there were 2,395 total visits from 757 

participants including 96 from 33 AIDS-KS cases and 2,299 visits from 724 controls. Eleven of 

the biomarkers were statistically elevated in AIDS-KS cases compared to controls including: 
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IFN-γ, sIL-2Rα, sIL-6R, IL-10, IP-10, MCP-1, TNF-α, BAFF, BLC-BCA1, CD27 and sTNFR-2. 

Seven markers were higher in controls than cases during these two years, including; IL-1β, IL-2, 

IL-6, MCP-4, MIP-1β, sGP130 and sCRP. All markers maintained their general trends.  

 

2 to 3 Years Prior to Diagnosis 

The analysis of two to three years prior to diagnosis included 1,227 visits from 705 

participants, 37 of which were AIDS-KS cases contributing 72 visits and 668 were controls 

contributing 1,155 visits. There were seven biomarkers that continued to be statistically 

significantly higher in controls than cases, IL-2, sIL-6R, IP-10, BAFF, BLC-BCA1, CD27 and 

sIL-2Rα, while nine were higher in controls than cases: IFN-γ, sGP130, IL-8, IL-10, TNF-α, 

sCRP, sTNFR-2, MCP-4 and MIP-1β. 

This time point was a pivoting point for several of the biomarkers. IL-8 and sCRP were 

considerably lower in AIDS-KS cases than controls up to this point, but as diagnosis approached, 

levels in cases made dramatic shifts to equalizing and exceeding the concentrations found in 

controls. The other biomarkers generally maintained their trends, with the exception of IL-10 and 

IL-12p70, in which cases spiked lower and higher, respectively, than controls, but the differences 

were not statistically significant for IL-12p70.  

 

1 to 2 Years Prior to Diagnosis  

The analysis for the two years prior to diagnosis was conducted by only including visits 

that occurred in between the one year mark and two year mark prior to diagnosis. There were 
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1,298 visits from 754 participants with 58 visits of 35 AIDS-KS cases and 1,240 visits from 464 

controls, which were all available visits from the ARRA1 sub-study during this timeframe. The 

averages of each biomarker were found within the 2-year time restriction. Sixteen of the markers 

were found to be statistically significantly different in the AIDS-KS case visits compared to the 

unaffected visits. Eotaxin, IL-2, sGP130, BAFF, CD27 and MIP-1β were all statistically 

significantly higher in the controls, than in the subsequently affecteds. IFN-γ, sIL-2Rα, sIL-6R, 

IL-10, IP-10, TNF-α, MCP-1, sCD14, BLC-BCA1 and sTNFR-2 were found to be higher in the 

subsequent AIDS-KS cases than those unaffected. All other biomarkers maintained their general 

trend, but no longer met statistical significance, with the exceptions of sCRP and IL-8 for which 

the group with the higher level changed, but these relationships were not statistically significant. 

 

0 to 1 Year Prior to Diagnosis 

 The analysis for one year prior to diagnosis was conducted using only visits that occurred 

in the year prior to an AIDS-KS diagnosis or the participant’s last visit. There were a total of 

1,340 visits from 802 participants, 89 AIDS-KS case visits from 39 participants and 1,251 

control visits from 763 participants. The means of each biomarker was found within the time 

restrictions and a Kruskal-Wallis test was conducted to determine the  statistical significance. 

Fifteen of the 24 markers were found to be statistically significantly different in the AIDS-KS 

case visits compared to the unaffected visits. IL-1β, IL-2, MIP 1β and sGP130 were all 

statistically significantly higher in the controls, than in the subsequently affecteds. IFN-γ, sIL-

2Rα, sIL-6R, IL-10, BAFF, sCD14, sIL-2Rα, sTNFR-2, IP-10, MCP-1, CD27 and TNF-α were 

found to be higher in the subsequent AIDS-KS cases than in the controls.  
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All Available Visits Prior to Diagnosis 

 There were a total of 17,374 visits analyzed with 407 visits from 79 individuals who 

developed AIDS-KS and 16,967 visits from 1422 individuals who did not. The means of each of 

the biomarkers were determined and then the means stratified by case status. Twenty of the 24 

biomarkers’ means were statistically significant different over the course of all study visits. 

Those with statistically significantly higher values in the AIDS-KS cases were IFN-γ, MCP-1, 

IFN-γ, sIL-6R, sIL-2Rα, IL-10, BLC-BCA1, CD27, sTNFR-2, sCD14, TNF-α, and IP-10. Those 

with statistically significantly higher in the those unaffected were, IL-1β, IL-2, BAFF, sGP130, 

IL-8, IL-6, sCRP, MCP-4, MIP 1β and TARC. 

 

Logistic Regression Analysis 

 The logistic regression analysis was performed using data from the visit closest to 

diagnosis between 2 and 3 years prior to diagnosis. There were 705 available participants in this 

timeframe, each contributing one visit, including 37 AIDS-KS cases and 668 controls. Each 

biomarker was log transformed and entered into a univariate logistic regression model and a 

logistic model adjusted for HBV co-infection, HCV co-infection, race/ethnicity, age at last visit, 

education, smoking and CD4+ cell count.  

 In the univariate models, six markers showed an increased risk of AIDS-KS when these 

were elevated. These biomarkers include IFN-γ (OR= 1.19; CI= .02, 1.38; p=.0257), IL- 1β 

(OR=1.18; CI= .00, 1.39; p=.0484), IL-2 (OR=1.18; CI=.01, 1.39; p=.0438), sIL-2Rα (OR=2.86; 

CI=.64, 4.95, p=.0002), IL-10 (OR=1.46; CI=.19, 2.54; p=.001) and IP-10 (OR=1.74; CI=.19, 
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2.54 p=.0043). Two markers that had lower values showed an increased risk of AIDS-KS, 

including MIP-1β (OR=.62; CI=.39, .98; p=.0400) and sGP130 (OR=.22; CI=.05, .93; p=.0399).  

 In the adjusted models there were no elevated markers that statistically significantly 

indicated an increased risk in AIDS-KS. There were four depressed markers that showed lower 

concentrations correlated with an increased risk including sGP130 (OR=.14; CI= .03, .73; 

p=.0197), BAFF (OR=.60; CI=.16, .90p=.0282), sCRP (OR=.61; CI=.43, .87; p=.0064) and IL-6 

(OR=.51; CI= .35, .76; p=.0009). Covariates ranged in significance for each biomarker’s model, 

but in general age, CD4+ cell count, smoking status, education and HBV co-infection status were 

consistently found statistically significant or nearly so. Increased age, being a current smoker, 

decreased CD4+ cell count, having HBV infection or resolved infection compared to never 

infected and a lower education were all related to higher risk of developing AIDS-KS. The 

adjusted models were statistically significantly better fitting models as assessed by the likelihood 

ratio test.   

 

Step-Wise Logistic Regression  

 All biomarkers and covariates from the adjusted logistic model were used for forward 

and backward stepwise logistic regression models. At each step in the backwards selection the 

criterion to remove a variable was that it be the least significant variable whose p-value was 

greater than 0.15.  Likewise, at each step the criterion for allowing a variable to enter the 

regression model was that it be the most significant variable whose p-value was less than .10. 

Fisher’s scoring was used to determine the p-values. Of the 705 visits available, 477 were used, 

including 25 AIDS-KS cases and 452 controls.  
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In the forward stepwise regression ten variables were found to be significant at α=.05, 

including age (OR= .91; 95% CI= .88, .95; p=<.0001), HBV (OR= 3.02; CI= 1.38, 6.64; 

p=.0059), sCRP (OR= .48; 95% CI= .28, .82; p=.0070), CD4+ cell count (OR= .69; 95% 

CI= .52, .91; p=.0085), sIL-2Rα (OR= 4.74; 95% CI= 1.40, 15.98; p=.0122), sGP130 (OR= .07; 

95% CI= .01, .57; p=.0126), education status (OR= 1.65; CI= 1.02, 2.68; p=.0135), IL-6 

(OR= .40; 95% CI= .19, .84; p=.0157), smoking status (OR= 4.30; 95% CI= 1.30, 14.23; 

p=.0168), and IL-1β (OR= 1.40; 95% CI= 1.06, 1.85; p=.0176). Only one marker, GM-CSF 

(OR= .67; 95% CI= .44, 1.01; p=.0568), had a p-value between .05 and .10. The forward 

stepwise regression model has a Hosmer-Lemeshow goodness of fit statistic corresponding to 

p=.8821.  

In the backward stepwise regression GM-CSF, IL-1β , sIL-2Rα, sCRP, age, CD4+ cell 

count, smoking status, HBV infection, and education status all remained in the model with 

similar values as the forward stepwise regression. sGP130 and IL-6, which were included in the 

forward model, were both eliminated with p=.2738 and p= .3231 respectively. In addition, in the 

backward model BAFF achieved a statistical significance of under α=.05 with p=.0330, which it 

had not in the forward model. The remaining variables all achieved similar levels of statistical 

significance as they had in the forward model.  

 

Discussion:  

This study approached the comparisons of the concentrations of inflammatory and 

immune activating biomarkers by reviewing the average concentrations in cases and controls 

during multiple time points prior to diagnosis or the end of the study and by conducting a case-
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control analysis that allowed the inclusion of the maximum number of cases, which occurred by 

using 2-3 years prior to diagnosis timeframe.  

The comparison of averages of the biomarkers’ concentrations did show that the groups 

had significantly different levels at most time points for many markers. In the 1-year prior 

analysis, which had the least amount of data points available, nearly half of the markers showed 

difference between cases and the controls. These differences in averages may inform which 

markers should be examined together and for those markers with differences, further analysis of 

the levels at earlier time points can be examined separately from an “all visit” analysis to 

determine when the discrepancy begins.  

 The observation of the changes in the averages of the biomarkers over time demonstrated 

not only a change in average values, but how those averages behaved over time. Many markers 

mirrored general trends in both groups, indicating that the changes are normal and not due to 

AIDS-KS development, however for sCD14, IL-12p70, IL-10 and IL-8, the trends were very 

different from the trends in the control group.  

The analysis of the several years prior to diagnosis or the end of the study demonstrates 

that the biomarkers in individuals unaffected by AIDS-KS remain very stable. In most of the 

biomarkers, the trajectory for the cases was also stable, although different from those unaffected. 

The exceptions noted were IL-8, IL-10 and IL-12p70. Among these, IL-10 was seen to be 

increasing closer to diagnosis in those with AIDS-KS and IL-12p70 was decreasing, both of 

which would be consistent with reduced TH cell differentiation26. IL-8 was also seen to increase 

over time which may be related to their angiogenic activities; a hallmark of KS26.  

The results of the logistic regression demonstrate a significant decrease in IL-6, BAFF, 

sGP130 and sCRP. IL-6 was of particular interest as it was consistently lower in cases than 
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controls. HHV-8 produces a viral version of IL-6 (vIL-6), which can independently act as IL-6 in 

order to increase the acute immune response, increase inflammation and promote the lytic phase 

of the HHV-8 lifecycle. This viral version activates the IL-6 receptor (sIL-6R), but would not be 

detected on the IL-6 biomarker analysis. If the viral version is readily available, it is possible the 

cases may have produced less IL-6, sensing it was already abundant. In addition to the IL-6 

concentrations being lower, sIL-6R concentrations were consistently higher in cases than 

controls. This inverse relationship between the interleukin and its receptor may be related this 

production as the virus becomes lytic and produces more of the viral version indicating more 

active HHV-8 infection27, 28.  

Consistently, sGP130 and sCRP production are related to IL-6 with sGP130 being a 

stabilizer for the IL-6 receptor complex and sCRP being produced by the liver when IL-6 

concentrations are high26. BAFF’s association with AIDS-KS switched from hazardous to lower 

concentrations indicating a lower risk once other factors were taken into account.  BAFF is 

largely associated with B-cell proliferation and a lower level may be consistent with immune 

fatigue, which could lead to a pro-cancer environment18, 21, 23, 29, 30.  

The full model included the participant’s age, race/ethnicity, CD4+ cell count, HBV co-

infection, HCV co-infection, education and smoking status. Several of these variables may 

include errors as these were collected by survey, but in general the MACS surveys are well 

validated and consistent. CD4+ cell count and education were used as proxies for the 

advancement of HIV infection and socioeconomic status respectively and may not be perfect 

proxies in all cases.  

The ARRA1 sub-study, from which these data originated, may also influence the results 

as the original study population selected was not specifically for the study of AIDS-KS. The 
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participants may have developed AIDS-KS after the study period, which if within a close 

proximity to the end of the study, may have biased the results toward the null. In addition those 

selected for ARRA1 may have had other AIDS defining illnesses, be a long term non-progressor 

or have other special circumstances that made them desirable to include. This may create a 

control population that is not a true reflection of those at risk for AIDS-KS outside of the study.  

This study was able to utilize all available cases of AIDS-KS in the ARRA1 sub-study of 

the MACS, which is one of the largest available datasets to investigate the effect of inflammation 

and immune activation prior to AIDS-KS diagnosis. Increased levels of IL-6 and its downstream 

targets, sGP130 and sCRP, as well as BAFF, correlated with a greater risk of AIDS-KS. This 

information can inform future research to investigate a possible model for early detection of 

AIDS-KS in at risk men.  
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Chapter 4 Tables and Figures: 
Table 1: Demographics at last visit between 2-3 years prior to diagnosis 
 Total (%)  KS (%) No KS (%) P-

Valuet 

Average age (years)* 52.49 (SD= 
12.45) 

34.58 
(SD=13.10) 

53.49 
(SD=11.64) 

<.0001 

Average BMI* 25.33 (SD=4.37) 23.76 (SD=3.66) 25.42 (SD=4.39) .0114 
Average CD4+ cell 
count* 

570.75 
(SD=295.18) 

373.89 
(SD=156.08) 

582.04 
(SD=297.36) 

<.0001 

Average viral load * 40,503.12 
(SD=267,466.02) 

100,579.85 
(SD=130,705.96) 

37,944.65 
(SD=271,527.61) 

.0280 

Race 705 37 668 .0236 
White 422 (59.86) 31 (83.78) 391 (58.53)  
African American 189 (26.81) 3 (8.11) 186 (27.84)  
Hispanic 43 (6.10) 0 (0) 43 (6.10)  
Hispanic/African 
American 

3 (.43) 0 (0) 3 (.45)  

Asian or Pacific 
Islander 

2 (.28) 1 (2.70) 1 (.15)  

American Indian or 
Alaskan Native 

2 (.28) 0 (0) 2 (.30)  

Other 6 (.85) 1 (2.70) 5 (.75)  
Other Hispanic 38 (5.39) 1 (2.70) 37 (5.54)  

Education 703  36  667  .0138 
Less than 9th Grade 14 (1.99) 0 (0) 14 (2.10)  
9-11th Grade 41 (5.83) 0 (0) 41 (6.15)  
12th Grade 127 (18.07) 3 (8.33) 124 (18.59)  
College- Less than 4 
years 

255 (32.01) 14 (38.89) 211 (31.63)  

College- 4 years 135 (19.20) 10 (27.78) 125 (18.74)  
Some Graduate 52 (7.40) 7 (19.44) 45 (6.75)  
Post Graduate 109 (15.50) 2 (5.56) 107 (16.04)  

Smoker* 686 37 649 .0254 
Current 297 (43.29) 23 (62.16) 274 (42.22)  
Former 389 (56.71) 14 (37.84) 375 (57.78)  

Radiation Treatment * 704 37 667 .2776 
Yes 6 (.85) 1 (2.70) 5 (.75)  
No 698 (99.15) 36 (97.30) 662 (99.25)  

Hospital in the last 6 
months* 

704 37 667 .6391 

Yes 99 (14.06) 4 (10.81) 95 (14.24)  
No 605 (85.94) 33 (89.19) 572 (85.76)  

HBV infection* 697 37 660 .7525 
Positive 34 (4.88) 2 (5.41) 32 (4.85)  
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Negative 172 (24.68) 7 (18.92) 165 (25.00)  
Resolved 491 (70.44) 28 (75.68) 463 (70.15)  

HCV infection* 700 37 663 .5535 
Positive 74 (10.57) 2 (5.41) 72 (10.86)  
Negative 621 (88.71) 35 (94.59) 586 (88.39)  
Unknown 5 (.71) 0 (0) 5 (.75)  

Site 705 37 668 .0085 
Baltimore 180 (25.53) 2 (5.41) 178 (26.65)  
Chicago 182 (25.82) 9 (24.32) 173 (25.90)  
Pittsburgh 139 (19.72) 8 (21.62) 131 (19.61)  
Los Angeles 204 (28.94) 18 (48.65) 186 (27.84)  

Cohort 705 37 668 .0004 
1984 264 (37.45)  24 (64.86) 240 (35.93)  
1987 94 (13.33) 8 (21.62) 86 (12.87)  
2001-2003 63 (8.94) 1 (2.70) 62 (9.28)  
2010+ 284 (40.28) 4 (10.81) 280 (41.92)  

Use of Anti-
inflammatories* 

705 37 668 .0153 

Yes 292 (41.42) 8 (21.62) 284 (42.51)  
No 413 (58.58) 29 (78.38) 384 (57.49)  

Use of Statins* 705 37 668 .0006 
Yes 172 (24.40) 1 (2.70) 171 (25.60)  
No  533 (75.60) 36 (97.30) 497 (74.40)  

Use of Steroids* 705 37 668 .4235 
Yes 157 (22.27) 6 (16.22) 151 (22.60)  
No 548 (77.73) 31 (83.78) 517 (77.40)  

HIV therapy type* 683  31 652 <.0001 
No therapy 92 (13.47) 16 (51.61) 76 (11.66)  
Monotherapy 29 (4.25) 7 (22.58) 22 (3.37)  
Combination therapy 48 (7.03) 3 (9.68) 45 (6.90)  
Potent ART 514 (75.26) 5 (16.13) 509 (78.07)  

Use of Injection Drugs* 679 37 642  
Yes 18 (2.65) 1 (2.70) 17 (2.65)  
No 661 (97.35) 36 (97.30) 625 (97.35)  

Sexual activity* 685 37  648 .0005 
Yes 465 (67.88) 35 (94.59) 430 (66.36)  
No 220 (32.12) 2 (5.41) 218 (33.64)  

Alcohol intake* 686 37 649 .0859 
None 155 (22.59) 4 (10.81) 151 (23.27)  
1-3 drinks/week 358 (52.19) 18 (48.65) 340 (52.39)  
4-13 drinks/week 113 (16.47) 9 (24.32) 104 (16.02)  
13+ drinks/week 60 (8.75) 6 (16.22) 54 (8.32)  

*At last visit before censoring   t Pearson’s Chi Squared Test Exact  
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Table 2: Biomarker Logistic Regression Outcomes 

 Not Adjusted Fully Adjusted** 

Marker OR P-
value 95% CI* OR P-value 95% CI* 

Eotaxin 0.939 0.8341 0.52, 1.69 0.93 0.8522 .43, 2.00 
GM-CSF 0.994 0.9593 0.78, 1.27 0.90 0.5066 .67, 1.20 
IFN-γ 1.188 0.0257 1.02, 1.39 1.02 0.7978 .87, 1.19 
IL-1β 1.178 0.0484 1.00, 1.39 1.11 0.2799 .91, 1.36 
IL-2 2.857 0.0438 1.01, 1.39 1.12 0.5685 .88, 1.26 
sIL-2Rα 1.182 0.0002 0.55, 1.08 1.05 0.7752 .50, 2.50 
IL-6 0.768 0.126 0.92, 3.75 0.51 0.0009 .35, 0.76 
sIL-6R 1.852 0.0852 0.62, 1.24 1.20 0.7132 .45, 3.16 
IL-8 0.874 0.4517 1.17, 1.84 0.83 0.4042 .54, 1.28 
IL-10 1.464 0.001 0.81, 1.18 1.31 0.0994 .94, 1.80 
IL-12p70 0.978 0.8177 1.19, 2.54 0.92 0.4394 .73, 1.14 
IP-10 1.742 0.0043 0.91, 3.75 1.02 0.9469 .61, 1.71 
MCP-1 1.845 0.0898 0.28, 1.29 0.89 0.585 .58, 1.37 
MCP-4 0.603 0.1936 0.39, 0.98 0.53 0.1482 .22, 1.26 
MIP 1β 0.616 0.04 0.67, 1.64 1.03 0.9188 .61, 1.73 
TARC 1.049 0.8354 0.67, 1.64 1.02 0.9535 .61, 1.70 
TNF-α 1.049 0.8354 0.99, 2.76 1.02 0.8354 .61, 1.70 
sTNFR-2 1.653 0.0556 0.79, 2.32 0.60 0.2088 .27, 1.33 
BAFF 1.351 0.274 0.74, 3.19 0.38 0.0282 .16, 0.90 
BLC-
BCA1 1.536 0.252 0.43, 3.09 0.79 0.5817 .33, 1.86 
sCD14 1.147 0.785 0.87, 2.27 0.38 0.11 .12, 1.24 
CD27 1.404 0.165 0.05, 0.93 0.82 0.5823 .40, 1.68 
sGP130 0.221 0.0399 0.60, 1.05 0.14 0.0197 .03, 0.73 
sCRP 0.793 0.1034 0.55, 1.08 0.61 0.0064 .43, 0.87 

* Based on Wald Confidence interval 

**Adjusted for HBV co-infection, HCV co-infection, race/ethnicity, age at last visit, education, 
smoking, CD4+ cell count 
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Table 3: Forward Step wise regression odds ratios, p-values and 95% confidence intervals 

Covariate Odds ratio 95% CI P-value 
GM-CSF 0.587 0.362, 0.952 0.0310 
IL-10 1.556 0.849, 2.854 0.1527 
IL-12p70 0.763 0.533, 1.092 0.1393 
IL-1β 1.351 0.996, 1.831 0.0530 
IL-2 1.376 0.996, 1.900 0.0529 
IL-6 0.313 0.104, 0.940 0.0384 
MIP 1β 1.692 0.701, 4.080 0.2420 
BAFF 0.347 0.069, 1.745 0.1992 
BLC-BCA1 0.286 0.048, 1.711 0.1703 
sGP130 0.189 0.018, 1.999 0.1663 
sIL-2Rα 4.749 0.986, 22.874 0.0521 
sCRP 0.428 0.240, 0.761 0.0039 
Age 0.896 0.854, 0.941 <.0001 
CD4 Cell Count 0.654 0.466, 0.918 0.0140 
Race/Ethnicity 0.778 0.501, 1.211 0.2663 
Smoking status 5.502 1.461, 20.713 0.0117 
Hepatitis B Status 2.929 1.245, 6.891 0.0138 
Education level 1.652 1.020, 2.676 0.0415 

 
Table 4: Backward stepwise regression odds ratios, p-values and 95% confidence intervals 
Covariate Odds ratio 95% CI P-value 
GM-CSF 0.602 0.374, 0.967 0.0358 
IL-10 1.571 0.855, 2.886 0.1457 
IL-12p70 0.787 0.545, 1.137 0.2021 
IL-1β 1.358 0.997, 1.849 0.0520 
IL-2 1.340 0.972, 1.848 0.0745 
IL-6 0.370 0.147, 0.931 0.0347 
BAFF 0.331 0.071, 1.535 0.1577 
BLC-BCA1 0.242 0.045, 1.288 0.0962 
sGP130 0.206 0.020, 2.140 0.1859 
sIL-2Rα 5.670 1.267, 25.365 0.0232 
sCRP 0.449 0.256, 0.786 0.0051 
Age 0.905 0.866, 0.946 <.0001 
CD4 Cell Count 0.651 0.469, 0.905 0.0105 
Smoking status 4.356 1.252, 15.155 0.0207 
Hepatitis B Status 2.925 1.295, 6.607 0.0098 
Education level 1.788 1.132, 2.823 0.0127 
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Summary 

 These collection of three studies had the intended goal of exploring the risk factors 

associated with AIDS-KS in men who have sex with men who are HIV and HHV-8 seropositive. 

The existing literature of AIDS-KS development indicate that HIV medication usage can not 

only slow the progression to cancer but can have a positive effect on the prognosis once cancer 

has developed due to reducing the effects of the HIV virus and restoring the immune system. In 

no small part, does this include reducing the inflammation which can create an environment 

conducive to cancer development and further fatigue the immune system. These studies aimed to 

review the demographic and therapeutic contributors and assess how they, in combination with 

biomarkers of immune activation and inflammation can give better understanding of how AIDS-

KS develops. This increased awareness can help inform risk profiles and potential clinical 

implications for those at risk of AIDS-KS.  

 The HIV/HHV-8 co-infected status results in continuous state of inflammation which can 

result in increased immune fatigue and senescence when sustained over a long duration. As both 

HIV and HHV-8 are lifelong infections causing extended inflammation and diminution of the 

immune system. Once the immune cells have been depleted, the individual is vulnerable to the 

reactivation of HHV-8 into its lytic phase. This potentially oncogenic virus can then substantially 

increase the risk of AIDS-KS to develop without the immune response to correctly identify and 

target cancer cells. The constant state of inflammation also propagates HIV infection, by 

increasing the availability of target cells and can accelerate the progression of the disease. The 

exhaustion of the immune system is coupled with the duration of exposure and mixing of effects 

with other concurrent lifestyle and biological risk factors make identification of individual risk 

factors very difficult. 
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 These lifestyle factors, including alcohol and tobacco use, as well as other co-infections 

such as hepatitis are beginning to play a larger role in the investigation of HIV related illnesses. 

As HIV becomes a manageable disease through daily medication regimens, it has become 

essential to investigate more chronic conditions, particularly cancer, in their presence. The 

prolonged life allows for increased opportunities for the effects of negative health behaviors, age 

and increased rates of co-infections to become problematic. Understanding the long term impact 

of increased inflammation, which can be contributed to by many of these sources, is vital to 

understanding, and eventually treating, of inflammation related conditions. With no cure 

currently available for HHV-8 or HIV, it is imperative to identify other factors that are possible 

to modify or a risk profile for those who are co-infected. 

 To this end, there were many advantages present in this set of studies. First, the 

importance of the availability of longitudinal, reliable data cannot be overstated. This data 

provides valuable insight to the immune system response of AIDS-KS development with 

precision that has not yet been reported. Both the survey data and clinical data was collected with 

a high level of reliability and has been verified. The number of participants and individuals 

allows for a good sample size and statistical power with the ability to parse the variables, in 

particular the medication data, and refine the analysis. Secondly, the specimens were analyzed at 

the same facility in the same for each biomarker, reducing bias from analysis. Finally, the 

outcome of AIDS-KS was obtained during clinical visits by study personnel, reducing the change 

of misclassification of the disease.  

 The first study was an investigation of the demographic risk factors of AIDS-KS and the 

role of HIV medications in mitigating that risk. This study demonstrated that smoking, hepatitis 

status, and alcohol use are all potentially modifiable risk factors that can contribute to AIDS-KS 
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development. These with increasing age and reduced HIV activity, measured by viral load and 

CD4+ cell counts, created the primary risk factors for AIDS-KS, which can be used to create and 

reinforce current guidelines for treatment of co-infections and alcohol and smoking guidelines 

for those who are HIV and HHV-8 co-infected.  

It has been established that HAART use is able to significantly reduce the incidence of 

AIDS-KS, but this study investigated the types of medications and combinations of medications 

that may result in a more positive risk profile. In the broader global context where HAART is not 

always available and AIDS-KS in endemic, it is important understand the significance of HIV 

medications both individually and in combination. This study found that any medication 

substantially reduced the risk of AIDS-KS, with any type of combined therapy being 

significantly more effective than individual therapies. As expected, HAART was the most 

effective in preventing AIDS-KS. 

The second study investigated the longitudinal relationships between individual biomarkers 

and the risk of AIDS-KS when adjusted for the lifestyle factors that were found in the first study 

to increase this risk. Both sIL-2Rα and IL-10 were found to be statistically increased across all 

study visits when multiple comparisons were taken into account. Other markers, including IL-6 

and sGP130 had consistently lower values in those who would develop AIDS-KS, consistent 

with the possibility of vIL-6 activity.  

The last study was also an investigation into the biomarkers, but employed a nested case 

control design allowing for those participants with only a single visit to contribute. Both IL-6 and 

sGP130 were again found at lower concentrations in AIDS-KS cases, in this case statistically 

significantly so. BAFF and sCRP were also significantly decreased, corresponding to vIL-6 

activity and inflammation. The overall trajectories of each biomarker were mapped each year 
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prior to diagnosis with AIDS-KS and may be useful in understanding the changes in immune 

function as AIDS-KS sub-clinically develops.  

These changes in biomarker concentration corresponding to risk of AIDS-KS and the 

demographic features identified in these may be useful to identifying patients most risk of AIDS-

KS. While each individual has natural variations in their level of inflammation, being able to 

track these over time and match them to the patterns observed in these studies may be 

advantageous for those at risk. While these markers and demographic features are not specific 

enough the create a risk profile or useful screening mechanism, it may be helpful to be used as 

another tool for a highly select group to indicate that AIDS-KS should be looked for more 

consistently and provide greater understanding of the role of inflammation from multiple sources 

that can contribute to AIDS-KS.  

 

Limitations and Challenges 

 These studies had some limitations, including the source population which consisted of 

only men. In addition, these men were predominantly white, with the heaviest recruiting period 

occurring early in the HIV epidemic. Due to the rigorous nature of this study, including visits 

every 6 months and biological specimen collection, the cohort is also highly motivated, which 

may reflect volunteer bias and a higher education and socio-economic status than the general 

population. These factors may impede the generalizability of the studies’ findings to other 

populations, particularly women. The time period mainly collected also disproportionately 

disallows investigation into the effects of HAART, which was not available until later. As 

previously discussed, the effect of HAART is a main topic of interest, but was limited here.  
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 In addition, within the ARRA1 biomarker sub-study, due to the initial goals of this sub-

study, the sample was not taken at random from the MACS group. This may have created a 

minor amount of section bias in terms of the groups being comparable. This should be minimal 

as they are both from the same target population, but may result in slight changes in the 

variables’ relationships.  

 As previously discussed in Chapter 1, there is potential for misclassification and 

information bias due to the self-reporting nature of many of the survey materials. While this 

should be minimal within the disease since AIDS-KS was clinically diagnosed and the primary 

biomarker exposures, which were analyzed using high standards of lab practices, it is possible 

that there may be residual non-differential bias. Within the covariates and some of the factors 

assessed in the first study, these may be less reliable, but due to the prospective nature of data 

collection and high level of study participation over multiple visits, it is unlikely to be a 

significant source of error.  

 There is always the potential for uncontrolled confounding in the studies. Importantly, the 

use of anti-inflammatories was investigated, but not controlled for, nor were other causes of anti-

inflammatory activity. Other variables, including diet and physical activity, both of which are 

known to have an impact on inflammation, were also not assessed. Finally, co-morbidities beside 

hepatitis B and C were not investigated or included, which may be unmeasured sources of 

inflammation and could confound the relationships.  

 Another challenge in this research is the nature of the immune systems and cytokine 

activity. Immune response is generally controlled by feedback loops, which may result in 

cascades of cytokines at certain periods. Many of the cytokines investigated are multi-functional, 

meaning they can be a cause, intermediate and result of different pathways. In addition, as 
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previously mentioned, HIV and HHV-8 both induce inflammation, but they are certainly not the 

only causes. When discussing chronic inflammation it is very difficult to conclusively identify 

and quantify all the sources of inflammation for an individual. These levels may be may 

naturally vary between people and due to hormone levels or other factors, including injury or 

illnesses that were not considered in these studies. This is particularly true in the case of immune 

fatigue, which results in increased cellular senescence, biological crowding and increasingly 

elevated inflammatory responses due to these sources. Classifying inflammation as its own 

chronic exposure in this case may be an oversimplification.   

 Future work in this field is needed to continue to clarify the timeframe of the biomarkers’ 

elevation and the importance in terms of risk. Individual biomarkers’ functions and risk need to 

be better understood in the context of HIV/HHV-8 coinfection. The use of HAART in terms of 

suppressing inflammatory signaling due to HIV and AIDS-KS tumor development should be a 

prime focus of research to understand how HAART interacts with this long term inflammatory 

threat and why, even with HAART use, inflammation is still present and AIDS-KS develops. 

Investigations taking into account the role of microbiome, diet and exercise should also be 

explored.  

 

 




