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Abstract 

Following the advent of modern combination antiretroviral therapy (cART) in 1996, a 

temporal decline was widely observed in AIDS-related morbidity and mortality. In the 

province of British Columbia (BC), universal provision of cART free-of-charge for people 

living with HIV (PLHW) has contributed in part to a significant demographic shift, with 

individuals over 50 years of age comprising over half of all PLHW. In this context there is 

a need to understand how comorbidities, such as cancer, impact this aging cohort. 

Within this line of inquiry, it is imperative to look at cancer risk specifically amongst 

women living with HIV (WLWH). The majority of studies looking at cancer as a co-morbid 

condition among PLWH fail to conduct sex-stratified analyses, which may obscure the 

burden of cancer risk specific to WLWH. Using a Life Course Epidemiology framework, 

the objectives of this PhD dissertation were to: 1) measure cancer incidence among 

WLWH in BC compared to a general population sample of women; 2) identify the role of 

early cART initiation in mitigating excess risk of cancer observed among WLWH; and 3) 

estimate the burden of cancer-related mortality among PLWH. This research utilized 

administrative health data from Population Data BC (which included data from the BC 

Cancer Agency and Vital Statistics) and clinical HIV data from the BC Centre for 

Excellence in HIV/AIDS. Findings suggest WLWH experience an increased risk of 

certain cancers, notably for certain viral-related malignancies, in comparison to HIV-

negative women in the modern cART era. A protective effect of early initiation of cART 

therapy was found for some types of cancer, suggesting oncological health benefits 

might be associated with timely initiation of cART after HIV diagnosis for WLWH. Finally, 

sex stratified age-adjusted cancer-related mortality rates promisingly suggest there may 

not be significantly different cancer-related mortality outcomes between PLWH and the 

general population. This dissertation demonstrates that cancer-related morbidity is a 

healthcare priority for the growing aging demographic of WLWH and subsequently 

highlights the importance of appropriate and effective routine cancer screening 

measures as well as comprehensive HIV care inclusive of timely diagnosis and cART 

initiation.  

Keywords:  Women living with HIV; combination antiretroviral therapy; HIV; cancer; 

co-morbidity; mortality  
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Chapter 1.  
 
Introduction 

1.1. Abstract 

Chapter 1 provides an overview and an outline of this dissertation. Within this chapter, I 

will introduce and describe: 1) cancer as a comorbid condition in the modern 

combination antiretroviral therapy (cART) era among people living with HIV (PLWH); 2) 

the complex relationship between HIV and cancer including risk of AIDS-defining 

malignancies (ADM) and non-AIDS-defining malignancies (NADM) in the modern cART 

era; and 3) the literature on cancer incidence and risk, specifically among women living 

with HIV (WLWH). I also use this chapter to outline the theoretical framework used to 

navigate the topic of cancer risk among WLWH in the modern cART era: Life Course 

Epidemiology. This framework creates the foundation of this thesis, has informed the 

creation of the research questions and contributed to the development of the subsequent 

analyses. Finally, I provide an overview of the objectives I set out to fulfill with this 

research and the proposed methodology for each objective, including the data sources 

and statistical analyses performed. 

1.2. Background 

1.2.1. Cancer comorbidity in the modern cART era 

The start of the modern cART era, typically marked at 1996 (the year in which triple-

combination therapy was introduced at the International AIDS Conference in 

Vancouver), is often characterized as a significant transition point in the treatment of HIV 

as an illness (1-3). Vast improvements in therapy have helped transform HIV into a 

manageable, chronic condition for many PLWH who initiate cART early in their clinical 

HIV progression and have adequate and sustainable access to treatment (4, 5). Early 

initiation and optimal adherence to cART is strongly associated with improved HIV 

clinical outcomes for PLWH, including significant reductions in AIDS-related morbidity 

and mortality (5-8). Life expectancy among PLWH in North America in the modern cART 
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era has increased drastically and is now approaching that of the general population in 

some settings where there is adequate access to therapy (6). 

 Despite these advances, increases in life expectancy allow for more time and 

opportunity for other comorbid conditions to develop later in the life course (9). Increased 

longevity along with elevated engagement in known cancer-risk behaviours such as 

smoking (10, 11) and the long-term impact of HIV-related accelerated immunological 

aging and chronic inflammation suggest comorbidities are a major a concern for PLWH 

in the modern cART era (12-14). A large study in the United States demonstrated that 

comorbidities affect approximately 60% of PLWH, although variation across age and 

immune constitution exists (15). Evidence overwhelmingly suggests that many PLWH 

continue to experience higher incidence of comorbidities, including cancer, compared to 

the general population (4, 14, 16, 17).  

There may also be important disparities in how modern therapy has improved 

health outcomes for PLWH. HIV-related death rates may be higher among WLWH 

compared to men living with HIV (MLWH) (18), and women may be progressing with HIV 

with poorer clinical outcomes compared to their male counterparts in the modern cART 

era (19). Research has also found that WLWH may be particularly at risk for 

comorbidities after an HIV diagnosis compared to MLWH (20). These important clinical 

outcomes, which point to how women transition through the HIV cascade of care and 

experience comorbidities as they age, point to the need to address how cancer risk may 

accumulate over the life course.  

1.2.2. Relationship between HIV and cancer 

In the modern cART era, cancer is a primary concern in the care for PLWH. All-type 

cancer incidence rates are observed to be two to four times higher among PLWH than 

among the general population, and certain types of cancer are exponentially higher (21-

23). Globally, cancer is now one of the most prevalent comorbidities observed among 

PLWH (17) and is the second most common cause of death among PLWH, after AIDS-

related causes (24).  

At the onset of the HIV epidemic in North America, non-Hodgkin’s Lymphoma 

(NHL), a type of lymphoma cancer, and Kaposi’s sarcoma (KS), a type of cancer that 
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causes abnormal skin tissue to grow, were often the presenting index disease at AIDS 

diagnosis (25, 26). These cancers signalled rapid progression of HIV and decline of the 

immune system. As such, NHL and KS, as well as invasive cervical cancer (ICC), were 

and continue to be classified as AIDS-defining malignancies (ADM) (see Table 1.1 for 

breakdown of ADM and other cancer categories) (25, 26). Historically, the elevated risk 

of these three conditions among PLWH is suggested to be largely and directly attributed 

to cell-mediated immune suppression characterized by low CD4 cell counts, lack of 

effective treatment options, and poor HIV diagnostics (27, 28). Since the advent of 

modern cART, some ADM incidence rates have declined substantially—markedly so at 

the time of HIV diagnosis—due to earlier testing and greater uptake of cART (29-32). 

Incidence rates of NHL were cut in half from the early to late 1990s and even more 

dramatically closer to the year 2000 (33, 34). Similarly, a reduction of up to 38% per 

month after initiation of cART has been observed in KS incidence rates in the modern 

cART era (35). These same declines in incidence rates have not been observed for ICC 

(36). 

 Despite the uptake and availability of modern cART, research demonstrates an 

increase in other cancer types, generally categorized as non-AIDS-defining 

malignancies (NADM). The incidence of NADM has risen nearly three-fold since the late 

1990s (37). Research in the past 10 years has shown that upwards of 60 to 80% of all 

cancers observed among PLWH are attributed to NADM (38, 39). The pervasiveness of 

NADM incidence among PLWH is in stark contrast to the general declining trends 

observed in ADM incidence since the early 1980s, suggesting all-type and NADM cancer 

risk may not be adequately mitigated solely by the advent of cART (40). It may be that 

merely crude measures of engagement with cART (regardless of such things as CD4 

cell count and time of initiation) may not an adequate predictor of risk reduction for 

NADM as we have seen for ADM, and more nuanced understandings of the timing of 

cART on lifetime NADM risk must be understood (41, 42). As such, the link between 

cART status, immune suppression, and risk of NADM for PLWH remains relatively 

unclear (32). While the decrease in ADM at HIV diagnosis and the gradual increase in 

NADM over the life course may be partially attributed to increased life expectancy of 

PLWH (43) as well as the opportunity for behavioural risk factors such as smoking to 

influence disease outcomes (44, 45), it also suggests that biological mechanisms such 

as chronic inflammation, immunologic aging, and viral co-infections may contribute to 
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risk of NADM (46, 47). Worthy of note is the observed increased incidence of those 

NADM cancers with a known underlying viral agents, such as anal cancer related to 

human papillomavirus (HPV) (48-52), liver cancer related to hepatitis viruses (53, 54), 

and Hodgkin’s lymphoma, which is more commonly diagnosed in individuals with a 

history of Epstein-Barr virus (55-58). Hodgkin’s lymphoma is often found to be the most 

prevalent NADM (31, 47, 59, 60). Notably, although the impact of immunosuppression 

on the development of NADMs in general is relatively unclear, Hodgkin’s lymphoma has 

been suggested to be the only NADM consistently associated with immunosuppression 

(61).  

There are four proposed mechanisms that attempt to explain the observed 

increase in NADM incidence among PLWH: 1) uptake of established cancer risk 

behaviours over the life course; 2) presence of oncoviruses; 3) accelerated aging and 

chronic immune suppression caused by HIV; and 4) increased life expectancy, which 

yields opportunity for age-related diseases, such as cancer, to develop. These four 

cancer mechanisms are interrelated and mutually aggravating and, most importantly, are 

difficult to assess within epidemiological observational studies. Established risk 

behaviours, including higher prevalence of smoking, alcohol consumption, and drug use, 

as well as a higher prevalence of viral co-infections, have been widely cited as 

contributing to higher cancer incidence rates among PLWH (62). There may also be 

synergistic effects between risk behaviours and co-infections within these populations. 

For example, cancers of the oropharynx have been attributable both to smoking and 

chronic HPV infection (63-66). The impact of accelerated aging and chronic immune 

suppression may also contribute to NADM, if not indirectly, through the potential impact 

of increased susceptibility to cancer-causing viruses. Lastly, improved survival attributed 

to cART uptake has led to a greater window of opportunity for cancers to develop as a 

result of natural cellular aging as well as accumulation of risk behaviours and 

opportunities for viral infections. While important, assessing and calculating the causality 

of cancer and the interplay of risk factors for cancers are complex and beyond the scope 

of this thesis. 
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Table 1.1 Cancer classification relative to ADM, NADM and virus-related 

System Cancer types ICD-O code ADM or NADM Viral-agent  
(if applicable) 

Respiratory Lung, larynx C30:C39 NADM  
Soft Tissue Heart, torso and limb C380, 

C470:C479; 
C490; C499 

NADM  

Breast C500:C509 NADM  
Bone and joints Skull, vertebrae  C400:C419 NADM  
Skin Melanomas, non-

epithelial, other skin 
C44 NADM  

Kaposi’s sarcoma (KS) C44 types 9140 ADM HHV-8 
Lymphatic Non-Hodgkin’s 

lymphoma (NHL)  
C77 types 
9590:9596, 
9670:9719, 
9727:9729, 9597, 
9827, 9827 

ADM EBV (HHV-4) 

Hodgkin’s lymphoma C77 types 
9650:9667 

NADM EBV (HHV-4) 

Leukemia C42 NADM HTLV 
Urinary  Bladder, kidney, 

urethra 
C64:C68 NADM  

Genital  Female genital system 
(including cervical) 

C51:C58 ADM HPV 

Male genital system C60:C63 NADM HPV 
Digestive Esophagus, stomach, 

small bowel, colon, 
rectum/anus, 
gallbladder, pancreatic, 
liver 

C15:C26 NADM HPV (anal); 
HCV/HVC 
(liver) 

Oral Lip, tongue and 
oropharynx 

C00:C14 NADM HPV 

Other Brain, eye, ill-defined, 
endocrine 

C00:C14 NADM  

 

1.2.3. Cancer-related mortality  

Despite great work demonstrating that after the advent of modern cART we see 

increasing numbers of people on therapy and subsequently fewer people dying, PLWH 

are still dying at a rate three-fold what we see in the general population (67). While 

AIDS-related mortality may be decreasing in the modern cART era, non-AIDS-related 

conditions are now increasingly contributing to mortality among PLWH (68-70), with an 

over 30% increase in the proportion of deaths attributed to non-AIDS related conditions 
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from 1999 to 2004 (18). We are also observing climbing cancer-related mortality rates in 

this population (71). While NADM includes a variety of cancer types with varying etiology 

and pathology, overall NADM-related mortality rates do appear to be elevated among 

PLWH and do not appear to be impacted by the uptake of cART to the same degree 

ADM have been (72). Survival rates among PLWH are generally worse after any cancer 

diagnosis when compared to the general population, although this gap may be 

deceasing over time (8, 73). Moreover, cancers that afflict PLWH in greater rates than 

observed in the general population, including oral, lung and lymphoma cancers, tend to 

also have the poorest survival outcomes (74). In particular, PLWH with poor immune 

status (i.e., failure to achieve viral suppression and low CD4 cell count) are 

disproportionately at risk of mortality after a cancer diagnosis (72, 75). In particular, there 

is some research to show that MLWH fair worse after a cancer diagnosis when 

compared to WLWH (76); however, there is little research on cancer survival outcomes 

among WLWH and not a single published article solely looking at cancer-related 

mortality in this population.  

1.2.4. Cancer among Women living with HIV 

Growing evidence suggests that cancer will be one of the most pressing health issues 

facing WLWH in the modern cART era (77). WLWH are nearly twice as likely as HIV-

negative women to receive a cancer diagnosis (78, 79), with lung cancer and ICC found 

to be even higher (80). Despite widespread access to cART, rates of NHL, KS and ICC 

(all types of ADM) remain elevated among WLWH, compared with the general 

population (80, 81). There is a notable lack of research that has assessed the impact of 

cancer risk on mortality among WLWH overall, and the impact of ADM and NADM 

specifically. 

In recent years, research has shown that the elevated rates of NHL and KS that were 

observed for decades appear to have substantially declined due to increased access 

and uptake of cART (82, 83). While one might conclude that ADM are a decreased 

threat to PLWH, the increased risk of ICC observed among WLWH is in direct contrast to 

these findings (82). Even in the modern cART era, WLWH are experiencing continuing 

high rates of ICC (84-86). Evidence of the role of cART uptake in reducing ICC risk 

remains inconclusive with some research suggesting that elevated risk of ICC may be an 
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artifact of longer life expectancy and/or increased prevalence of human papillomavirus 

(HPV) among WLWH (87-89).  

 While all sexually active individuals are susceptible to acquiring HPV, immune 

suppression is one significant biological factor that may facilitate the risk of acquiring 

HPV (90). WLWH experiencing chronic immune suppression may have a higher risk of 

HPV infection, an established risk factor for the development of ICC (91-93). The causal 

relationship between HPV and ICC is well established, and evidence suggests HPV 

typology between HIV-positive and -negative women may be similar, suggesting 

promising benefits of vaccination programs among both populations (94). However, this 

relationship may be more complex. Emerging literature suggests that all WLWH may not 

be equally protected by HPV vaccines due to the mitigating effects of HIV viral load on 

vaccine efficacy (95). This suggests that the potential benefit of HPV vaccination 

programs for PLWH may be tempered unless issues related to immune suppression and 

viral load, potentially mitigated by cART uptake, are addressed (96). Further research is 

needed to understand this complex relationship among WLWH.  

 Assumptions that PLWH are at a decreased risk for ADM in the modern cART 

era have failed to address the sex-specific risks associated with cancer among WLWH. 

While NHL and KS may appear to be decreasing since the 1980s, WLWH  are still at an 

elevated risk compared to the general population (47). The persistent threat of ICC is 

very worrisome and further supports growing evidence showing the significance of virus-

related malignancies driving the all-type cancer incidence among WLWH (21, 49, 53, 89, 

94, 97, 98). Along with the presence of oncoviruses, other NADM may also be elevated 

among PLWH due to a variety of behavioural (e.g., smoking) and clinical (e.g., 

immunosuppression) factors (62, 99-101). In the three studies published that explicitly 

discuss cancer risk among WLWH, it was found that all cancer types were elevated 

among WLWH, compared to the general population, explicitly for NADM (79) and 

notably for specific cancer types including lung cancer, KS, NHL, and ICC (78, 80).  

While some data have demonstrated the potential promise of reductions in 

cancer risk by improved cART uptake (83), this has not been universally beneficial to all 

PLWH, suggesting important disparities in therapeutic success exist across notable 

social axes, including sex (19, 102). WLWH are less likely to achieve optimal adherence 

to cART (103), are less likely to be retained in care, and are less likely to become virally 
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suppressed, compared to MLWH (104). These sex disparities are increasingly significant 

as HIV-related care transitions towards a model of chronic disease management for 

PLWH, where early uptake and optimal adherence to cART may have extended health 

benefits in reducing risk of other comorbid conditions (15, 83, 105). Despite widely 

acknowledged threats of comorbidity facing PLWH, there is little research or clinical data 

on the risk of cancer for WLWH, in particular the potential impact of delayed initiation of 

cART on increasing their cancer risk and the subsequent mortality outcomes associated 

with cancer diagnoses.  

This thesis seeks to address the critical gaps in knowledge concerning cancer 

risk among WLWH including epidemiological risk of cancer and the role of delayed cART 

engagement on cancer incidence and cancer-related mortality. Importantly, this portfolio 

of research will be unique as it is set in a universal healthcare context where cART and 

HIV care are provided free of charge, in addition to free cancer screening and HIV 

therapy. These findings will contribute new knowledge to improve clinical practice and 

support cART uptake and timing among WLWH across the life course.   

1.3. Guiding framework 

1.3.1. Life Course Epidemiology 

The guiding framework used in this dissertation will be Life Course Epidemiology, which 

is a sub-study of the larger field of epidemiology that situates disease as an outcome, 

manifested through an accumulation of factors throughout the life span and not merely a 

direct product of biological agents at a static point in time (106, 107). It evolves the 

traditional epidemiological triad of disease that maintains a static, non-temporal 

understanding of the relationship between environment, agent, and host (108). Life 

Course Epidemiology instead looks at the aspect of time and accumulation of risk as 

important factors in the development of disease. The aim of Life Course Epidemiology is 

to elucidate not just the biological mechanism of disease etiology but the long-term 

explanatory factors that influence agents of disease and host susceptibility, an approach 

that has been applied in other fields such as cancer but not specifically in HIV (109). 

Founded in the field of chronic illness relatively recently, this framework will be timely to 

explore and examine the relationship between HIV and cancer incidence among WLWH 

in the context of aging in the era of modern cART.  
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For the purposes of this thesis, Life Course Epidemiology will be understood as 

the impacts of the HIV care trajectory early in the course of the disease (initiation of 

cART after diagnosis) and the relationship with comorbid outcomes (cancer) later on in 

the disease progression. The relationship between HIV and cancer cannot be 

understood as a static, time-independent relationship. Rather, we must consider the 

long-term impacts of immunosuppression, initiation of cART, biological and social 

factors, as well as clinical HIV outcomes that change and influence the risk of varying 

cancers over time. Moreover, understanding the underpinnings of HIV clinical care as 

potential ways to thwart cancer-related incidence and mortality among this population 

will be an important consideration in the current context of modern cART and HIV-

related care. This dissertation frames women-specific cancer risk through situating sex 

as a critical biological component of disease etiology that subsequently influences HIV-

related health outcomes.  

1.4. Gaps in the Literature 

Critical gaps remain regarding assessment of cancer incidence and mortality rates and 

the impact of early cART uptake on cancer risk among WLWH in a setting where cART 

is available at no direct cost to patients. There is a need for comprehensive data related 

to cancer throughout the life course in settings where life expectancy of people living 

with HIV is reaching that observed in the general population (6), increasing risk of 

comorbid conditions, including cancer.  

Currently, there are only three studies published that explicitly look at the risk of 

cancer among WLWH in the modern cART era (78-80). However, these studies are 10 

to 15 years old and may not reflect the health realities facing WLWH in the modern 

cART era. Furthermore, there has not been any identification of therapeutic effects of 

cART on cancer indigence and/or mortality outcomes among women in particular. One 

additional study looked at cancer risk among WLWH, specifically ADMs such as NHL 

and KS; however, it was published in 1993 and as such may not reflect the realities of 

cancer risk in WLWH in the modern cART era (110). There are other published studies 

that look at a single specific cancer risk, such as lung, breast, or cervical cancer, among 

WLWH (87, 111-118). More generally, there are other studies that have included women 

in their epidemiological investigations but not as a primary population of interest. 

Notably, there are few studies that compare rates of cancer to the general population 
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and assess cancer-related mortality among WLWH (119). The lack of attention in 

academic research to cancer risk among the aging cohort of WLWH in North America is 

of concern considering the prevalence of women with HIV is stabilizing and the risk of 

comorbidities will continue to increase.  

1.5. Relevance 

In Canada, women make up approximately 23.3% of all PLWH, with the estimated 

number of WLWH in 2011 rising by 12.6% since the year 2008 (120). In BC in particular, 

over 50% of the provincial population of PLWH are now 50 years old or older (121). Data 

from the Canadian HIV Women’s Sexual and Reproductive Health Study (CHIWOS) 

shows that in a sample of 1,425 WLWH across three Canadian provinces, the median 

age was 43 years (IQR: 36-51) and median years living with HIV was 11 (IQR: 6-17), at 

the time of enrollment (between August 2013 and May 2015) (122, 123). Overall, these 

statistics depict an aging cohort of women, many of whom are currently living with or at 

risk of comorbidities and age-related health concerns.  

The compounding effect and mutually aggravating relationship between HIV and 

comorbid conditions across the life course among aging populations is complex. While 

individuals are living longer, they are not necessarily healthy years of life gained (124). 

AIDS-related mortality made up 34% of deaths between 1999-2000 and in 2009-2011, 

made up only 10% of all deaths among PLWH (125). In the modern cART era, cancer is 

one of the most prevalent comorbid conditions (17, 126), with an overall prevalence of 

7.7% in some settings (39). Cancer is also one of the most frequent causes of death 

among PLWH (69, 71, 125). Mortality caused by NADM may contribute to nearly 12% of 

all deaths among PLWH (24) and when data are restricted to non-AIDS-related deaths, 

NADM is the leading cause of death (125). Although overall survival outcomes for PLWH 

have improved since the advent of cART (127), the prognosis after NADM diagnosis 

remains poor compared to the general population (128, 129). 

WLWH are burdened with a nearly two-fold increased risk of cancer-related 

mortality compared to MLWH (67). Female sex is an independent predictor of mortality 

among PLWH, representing an important barrier to optimizing the benefits that could 

potentially be derived from cART uptake over the life course (130). The burden of cancer 

as a comorbidity and contributor to mortality over the life course of WLWH as they age in 
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the modern cART era is relatively unexplored. There remains no information on the 

impact of early initiation of cART on cancer risk across the life course for WLWH 

specifically. This represents a knowledge gap, which may lead to the failure to address 

significant sex-specific markers and contributors to cancer risk. The risk of cancer 

among WLWH over the life course will become increasingly significant as this population 

ages, with implications to HIV care continuing a trajectory towards treating more non-

AIDS related diseases.  

1.6. Study Setting and Design 

This dissertation relied on secondary data from three separate sources, including 

administrative health and clinical data. For objective 1, we performed a data linkage 

between the BC Centre for Excellence in HIV/AIDS (BC-CfE) Drug Treatment Program 

(DTP) and the BC Cancer Agency (BCCA) to capture retrospective cancer trends among 

WLWH.  For objectives 2 and 3, we expanded on this initial analysis and used data 

from a newly established linkage with administrative health data, both described below.  

1.6.1. BC Cancer Agency (objective 1) 

In 2011, an initial linkage between the BC-CfE DTP and the BC Cancer Agency (BCCA) 

was established. This linkage involved matching participants via a crosswalk file from 

both databases through provincial health numbers and date of birth. This allowed for a 

combining of data on all PLWH and people with a history of cancer diagnosis from 1996 

until 2008, including a general population comparison sample. A de-identified cohort was 

created inclusive of persons who were 19 years of age or older, have been diagnosed 

with HIV, and living in British Columbia (BC) during the follow-up time. This resulted in a 

sample of individuals living with HIV who had accessed cancer care (including diagnosis 

and/or treatment) in BC along with a 1% age-matched general population sample for 

comparative analyses. This linkage allowed for analyses of data between 1996 and 2008 

on cancer diagnoses, staging, and site of diagnosis.  
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1.6.2. BC Centre for Excellence in HIV/AIDS Drug Treatment Program 
(objectives 1, 2 and 3) 

Clinical HIV data for all three analyses in this dissertation were ascertained via the time-

updated data available within the BC-CfE DTP. In British Columbia, cART and HIV viral 

load monitoring are available free of charge through the provincial DTP, described 

previously (131). The DTP distributes medications according to the guidelines set by the 

Therapeutic Guidelines Committee, which are regularly updated in accordance with the 

guidelines by the International AIDS Society - USA (132, 133). In brief, the DTP 

maintains a prospective registry to track the cART utilization and clinical status of HIV-

positive individuals who have previously or are currently accessing HIV care, inclusive of 

all individuals who have ever accessed ART in the province. Individuals are enrolled in 

the DTP at the time of their first cART prescription fill, viral load test, or CD4 test 

(whichever comes first) and are subsequently monitored at time intervals of 

approximately three months. All clinical data are updated in real time so that patient 

health can be monitored prospectively.   

1.6.3. COAST study (objectives 2 and 3) 

For objectives 2 and 3, we also expanded on the first analysis that used BCCA and 

DTP data. These analyses utilized data from the Comparative Outcome and Service 

Utilization Trends (COAST) study (134). The COAST study is a population-level 

retrospective cohort study. Confidential data linkages were performed between two 

provincial data sources—the BC-CfE and Population Data BC. As described above, the 

BC-CfE’s DTP (135) centrally manages and distributes cART in BC, which is provided 

free of charge to individuals residing in the province, and contains longitudinally 

collected data on demographic characteristics, cART uptake, immunologic and virologic 

outcomes, and other clinical variables for all PLWH accessing cART in BC. Population 

Data BC is a provincial resource that houses administrative health data collected by 

public bodies such as Medical Services Plan, Vital Statistics, and the BCCA. Population 

Data BC contains comprehensive individual-level longitudinal data for all 4.6 million BC 

residents.  

The COAST study is composed of three cohorts (see Figure 1.1). The first two 

cohorts are inclusive of 12,730 PLWH in BC and the differentiating characteristic 
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between these two cohorts is whether or not participants have ever accessed any 

antiretroviral therapy. Both cohorts are comprised of PLWH aged 19 years and older 

between April 1st, 1996 and March 31st, 2013 with 8,620 receiving HIV treatment (cART) 

in BC and an additional 4,110 PLWH who are treatment naïve. Thus, these two cohorts 

(n=8,620 cART experienced; n=4,110 cart-naïve) are inclusive of all confirmed PLWH 

identified through the BC-CfE, and also through a validated HIV case-finding algorithm 

used within Population Data BC (136). This case-finding algorithm allowed us to identify 

people if they had a record of at least one detectable HIV plasma viral load (pVL) and/or 

had initiated cART (including individuals contained in the DTP registry). In a second 

step, using International Classification of Disease (ICD) version 9 and 10 codes, we 

identified individuals with either one or more record of having received care for an HIV or 

AIDS-related medical condition or death confirmed through a review of supplementary 

administrative datasets; these individuals also had to fulfill the criteria of at least one 

inpatient and/or at least three outpatient ICD-9/10 codes associated with HIV or AIDS.  

The third cohort is a comparison cohort made up of a 10% random sample from 

the general population, assumed to be HIV-negative. This cohort represents a random 

sample of the total BC population who were aged 19 years or older between April 1st, 

1996 and March 31st, 2013. This sample was generated from a combined pool of distinct 

individuals with unique Personal Health Numbers in the general population of BC 

meeting the age criterion from the fiscal years 1996-1997 to 2012-2013.  

Median follow-up time in this cohort was 85 months (IQR: 31, 158) and 149 

months (IQR: 57, 203), for the HIV-positive and general population comparison cohort, 

respectively. Loss to follow-up was defined as having no record of contact with the 

health care system, as captured through an encounter or service event within 18 months 

of the study cut-off date. Approximately 11% and 17% of individuals were lost to follow-

up in the HIV-positive and the general population cohorts, respectively.  

For the purposes of this project, two sources of data within the Population Data 

BC administrative health database were accessed: 1) the BCCA data and; 2) Vital 

Statistics data on cause of death (including date, location, and primary cause). The 

COAST study has an updated data linkage with the BC Cancer Agency (referred to 

above) that includes data up to March 2013. The sampling frame includes individuals 

who are 19 years of age or older who have data linked between the DTP and Population 
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Data BC. The linkage between these two databases includes events between 1996 and 

2013. The University of British Columbia ethics number for this study is H09-02905.  

 
Figure 1.1: COAST study design, inclusive of three cohorts 

1.7. Ethical Approval 

The BC-CfE DTP is covered by Providence Health Care - University of British Columbia 

ethics approval (H05-50123) and the DTP director, Dr. Shoveller, has provided 

subsequent approval for this dissertation. The DTP-BCCA linkage necessary to conduct 

analysis 1 (chapter 3) received ethics approval from Providence Health Care - 

University of British Columbia (H08-01389). Analyses 2 and 3 (chapters 4 and 5) utilize 

COAST data, which is covered under University of British Columbia ethics approval  

(H09-02905) as well as Simon Fraser University ethics approval (2013s0566). Approval 

was also received for the COAST study, including the objectives fulfilled in chapters 4 

and 5, from Population Data BC (Hogg 09-013). I also received ethics approval for my 

PhD dissertation from Simon Fraser University Office of Research Ethics, which covers 

my entire dissertation plan as described here in chapter 1 (#2016s0626) as well as from 

Population Data BC, through a student application for access to existing project data 

under the initial application (Hogg 09-013). I am also listed as a study team member on 

the COAST ethics application as well as the DTP-BCCA linkage ethics application. 
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1.7.1. Potential Risks and Benefits 

There is little risk to participants in this study as it involves secondary use of 

administrative, de-identified data. All participant information is de-identified, with 

participants having a unique numeric identifier. All data were anonymized and could no 

longer be linked back to individuals. To further protect patient confidentiality, we ensured 

that small cells (n<5) for data analyses were restricted. Ethical approval for the BCCA 

linkage and for the COAST study has been stated above. This project has also received 

approval from Population Data BC to conduct student research using Population Health 

data inclusive of BCCA and Vital Statistics data.  

1.8. Study Objectives, Hypotheses, and Summaries 

In this section, I will outline in brief the three objectives, which form chapters 3, 4, and 5 

of this thesis. I will also include hypotheses and brief descriptions for each. Within a 

population-based sample of WLWH in British Columbia, the research objectives within 

this dissertation include: 

Objective 1: To measure all-type cancer incidence among WLWH in BC and to compare 

ADM and NADM incidence rates with an age-standardized general population 

sample. 

Hypothesis 1: Cancer incidence rates overall will be higher among WLWH in comparison 

to the general population sample and notably higher for ADM and some NADM.  

Description: For analysis 1, the primary outcome variable is confirmed diagnosis of a 

malignant neoplasm. Cancer type will be classified using Surveillance, Epidemiology and 

End Results (SEER) coding, which allows for both type and stage identification of 

malignancies. Incident cancers include digestive, respiratory, bone, soft tissue, 

melanoma, breast, cervical, uterine, vulvar, urinary organs, eye, brain and central 

nervous system, endocrine gland, Hodgkin’s lymphoma, non-Hodgkin’s lymphoma, 

mesothelioma, Kaposi’s sarcoma and other cancer types (see Appendix A for further 

details). Cancer incidence rates will be calculated separately for each cancer along with 

an age-standardized comparison of incidence rates to the general population sample. 

Bivariate comparison between WLWH with and without incident cancers within the DTP 

will be conducted. Explanatory variables included will be age at baseline, history of 
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injection drug use (IDU), ethnicity, known hepatitis C co-infection, AIDS-defining illness 

at baseline, baseline CD4 count, baseline viral load, nadir CD4, peak viral load, and 

cumulative length of time on ART.  

Objective 2: To identify the role of immune suppression at cART initiation in explaining 

excess risk of all-type cancer incidence, ADM and NADM among WLWH in BC.  

Hypothesis 2: Lower CD4 cell count at cART initiation (defined as late initiation of cART) 

will be associated with an increased risk of ADM but not NADM.  

Description: Building off the work established in analysis 1, this second analysis will 

investigate the role of immune suppression in explaining elevated rates of all-type 

cancer incidence over time among a sample of WLWH. Utilizing data from the COAST 

study, this analysis will look at the attributable risk for ADM and NADM specifically as 

well as virus- and non-virus-related malignancies. Immune suppression will be 

characterized for this analysis by CD4 cell count at cART initiation, using intervals of 

<200, 200-349, ≥350 cells/mm3. Baseline CD4 cell count will be identified by the CD4 

cell count prior to and closest to initiation of cART therapy in the DTP and will be limited 

to individuals who initiate cART in the province of BC. Year of cART initiation will be 

controlled for along with known confounders of cancer incidence (age, history of IDU, 

Indigenous ethnicity, and HCV co-infection). I will identify excess cancer risk 

exacerbated by immune suppression (defined as baseline CD4 cell count) for ADM, 

NADM, virus-related and non-virus-related malignancies among WLWH by calculating 

the etiologic fraction to estimate attributable risk.  

Objective 3: To estimate the burden of cancer-related mortality among men living with 

HIV (MLWH) and WLWH in BC from 1996 until 2013, for all-type malignancies, 

ADM, and NADM.   

Hypothesis 3: NADM deaths will be higher among MLWH than WLWH, the latter of 

whom will be more affected by ADM-related deaths such as ICC.  

Description: This analysis will look at age-adjusted cancer-related death rates among 

men and WLWH from 1996 to 2013 and compared to general population trends using 

the general population comparison sample provided by Population Data BC. We will also 

estimate survival and produce Kaplan-Meier curves to analyze time to cancer-related 
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death after diagnosis for PLWH and the general population. Using multivariate analyses, 

we will also investigate independent predictors of survival among PLWH to identify gaps 

in cART care and uptake that may impact survival outcomes after a cancer diagnosis. 

This study will include all PLWH between 1996 and March 2013, starting from cART 

start date or first viral load measure with at least two follow-up measures, and will use a 

general population comparison sample for the same time period. Cancer diagnoses 

(incident cases) and cause of death (related to cancer) will be identified through 

International Classification of Disease (ICD) codes for any cancer, and then ADM and 

NADM, as well as general cancer categories (respiratory, genital, etc.). We will 

specifically note important sex differences in cancer-related mortality rates and focus on 

populations disproportionately affected by poorer cancer-related outcomes and higher 

mortality rates in the modern cART era.  

1.9. Summary 

This dissertation is divided into six chapters. Chapter 1 outlines the background, 

rationale, and objectives of the study. Chapter 2 reviews the literature regarding the risk 

of cancer (all-type, NADM and ADM incidence rates) among WLWH within the modern 

cART era. Chapter 3, published in HIV Medicine (2015), presents a description of 

cancer incidence rates among WLWH and provides a comparison to a general 

population sample of women (objective 1). Chapter 4, submitted for publication, 

examines the impact of earlier and delayed cART uptake on cancer risk and estimates 

the excess risk of cancer that can be attributed to immunosuppression (objective 2). 

Chapter 5 provides a retrospective analysis of cancer-related mortality rates among 

PLWH and provides a sex-based sub-analysis looking at WLWH in particular (objective 

3). Chapter 6 summarizes the findings and proposes future directions for research and 

policy implications. Together these chapters will help to fill a gap in knowledge and 

provide an understanding for the risk of cancer including incidence and mortality rates 

facing WLWH in the modern cART era.  
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Chapter 2.  
 
All-type, AIDS-defining and non-AIDS-defining 
malignancy risk among women living with HIV: A 
scoping review 

2.1. Abstract 

Chapter 2 provides a review of the literature on cancer risk among women living with 

HIV (WLWH). Increasing feminization of the global HIV epidemic and an aging 

population of individuals living with HIV (PLWH) has led to cancer becoming a priority 

area for HIV-related healthcare among WLWH. The objective of this scoping review is to 

identify and synthesize literature on incidence of all-type, AIDS-defining (ADM), non-

AIDS-defining (NADM), and virus-related malignancies among WLWH. Search engines 

including PubMed, Google Scholar, and grey literature sources from well-recognized 

organizations were used to gather literature. Reference lists of identified papers were 

also checked for a comprehensive collection of relevant literature. Inclusion criteria 

included articles focused on malignant cancer incidence among PLWH that focused 

either explicitly on women or specified incidence rates by sex. Articles must have been 

written in English, be available in full-text, and been published between 1981 and August 

2016. Three major findings emerged from this review: 

(1) All-type cancer incidence: WLWH have a higher incidence of all-type cancers 

compared with women in the general population. 

(2)  AIDS-defining malignancies (ADM): The incidence of ADM, namely Non-

Hodgkin’s Lymphoma (NHL) and Kaposi’s sarcoma (KS), have declined over 

time among WLWH largely due to improvements in combination antiretroviral 

therapy (cART). The one exception is the incidence of invasive cervical Cancer 

(ICC), which has remained elevated despite increased cART uptake.  

(3) Non-AIDS-defining malignancies (NADM): Compared with the general 

population, WLWH have a higher incidence of lung cancer but a similar or lower 

incidence of breast cancer. Risk of NADM among WLWH may be significantly 
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elevated for virus-related malignancies compared to non-virus-related 

malignancies. 

 

This review suggests that WLWH have a higher incidence of certain types of 

cancer and that virus-related malignancies, particularly human papillomavirus (HPV)-

associated ICC, continue to be a risk. Therefore, what this review highlights is the need 

for appropriate cancer screening and/or vaccination programs for oncoviruses among 

WLWH. Furthermore, this review points to the need to assess cancer prevention and the 

potential impact of cART on cancer risk for WLWH, including future research on routine 

cancer screening as well as the impact of timing of cART initiation on lifetime cancer 

risk.  

2.2. Background 

Modern advances in cART, which provide less pill burden, fewer side effects, and 

reduced toxicity, have transformed HIV into a manageable, chronic condition for many 

PLWH (5, 137). However, increased life expectancy and reduced AIDS-related mortality 

have made way for a rise in non-AIDS-related conditions and other chronic conditions 

(71, 105, 131). In many settings, life expectancy for individuals with adequate and 

sustainable access to cART is approaching that of the general population (6). In 

Canada, the proportion of HIV tests reported in those aged 50 or older increased from 

10.6% in 1999 to 15.3% in 2008 (138). In British Columbia (BC) in particular, over 50% 

of the population of PLWH is 50 years old or older (121). Having more individuals 

diagnosed over the age of 50 coupled with an aging cohort of people who were 

diagnosed earlier and are progressing with HIV throughout the life course suggests that 

this is an important cohort for HIV care with higher odds of developing age-related 

comorbidities like cancer (37).  

With poor HIV diagnostics and no effective HIV treatment options for PLWH, 

certain cancers were common in the early years of the HIV epidemic and often acted as 

indicators of rapid HIV progression (139, 140). These cancers were termed AIDS-

defining malignancies (ADM) and included cancers such as Kaposi’s sarcoma (KS), 

Non-Hodgkin’s Lymphoma (NHL) and invasive cervical cancer (ICC). In the 1980s and 

1990s, PLWH experienced a 300- to 1,700-fold increased risk of developing KS and 
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100- to 300-fold increased risk of NHL (25, 44, 141-143). While the comparison of ICC 

incidence among WLWH to the general population were generally unavailable for the 

1980s and 1990s (other than retrospective studies cumulatively assessing ICC in the 

200s), some reports suggest that upwards of 93% of WLWH were presenting with ICC 

between 1987 and 1995 (144). Throughout the 1990s, it is estimated that over 60-90% 

of all cancer diagnoses among PLWH were attributed to one of the three types of ADM 

(36, 37, 47, 145).  

After the advent of cART therapy (the year 1996 and later), ADM incidence rates 

began to decline as a result of restored immune function for those on therapy (146, 147).  

Starting in the year 1996, there began a trending decrease in AIDS-defining illnesses 

(even in studies that included women) (148); however, in contrast there was a continued 

trend of an increase in ICC incidence starting in that same year (146). In this post-cART 

era, rates of ICC have been observed up to three times higher among WLWH than HIV-

negative women (149). Despite the steady or increasing rates of ICC, in the last 10 

years only 25% of all cancers diagnosed among PLWH have been classified ADM (81), 

suggesting an important transition in types of cancers among PLWH towards NADM. 

Cancer (inclusive of ADM and NADM) is one of the most prevalent comorbid 

conditions in the modern cART era among PLWH (126). NADM are also the most 

frequent cause of non-AIDS-related death among this population (129, 150, 151)—with 

research suggesting that rates of NADM have increased three-fold (between 1991-1995 

and 2001-2005) (37). Although complex and heterogeneous, the observed rise in NADM 

(cancers that are not ICC, KS or NHL) parallel the decline of ADM incidence rates 

generally among PLWH (99). The compounding effect and mutually aggravating 

relationship between comorbid conditions and HIV across the life course is complex, 

especially when assessing cancers with complicated etiology. While excess risk of 

cancer among PLWH can be partially attributed to increases in life expectancy (37), it 

cannot account for all excess risk, especially those cancers with viral etiology (152, 153) 

and smoking-related cancers (44, 154). Moreover, as NADM are often understood as 

aging-related cancers, additional data are required to advance the understanding of how 

these cancers affect PLWH over the life course and across important bio-social strata, 

including sex.  
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Prior to the year 1999, females represented a little over 10% of all positive HIV 

tests; by the year 2006, this proportion had risen to 27.8% (the highest point in the 

history of the epidemic) (155). More recent data suggest that women make up 

approximately 23.3% (16,600) of all PLWH, with the estimated number of WLWH in 

2011 rising by 12.6% since the year 2008 (120). Women are generally diagnosed with 

HIV at a younger age than men, suggesting that women are accumulating more years 

spent living with HIV and thus may experience unique sex-specific age-related health 

concerns with long-term HIV infection (138).  In 2010, women aged 30-39 accounted for 

the largest proportion of AIDS cases among WLWH and cumulatively nearly three-

quarters of WLWH were over 30 years of age. This aging demographic suggests that 

comorbidities and age-related conditions will be a primary cause of disease burden in 

the coming years for WLWH in Canada.   

A comprehensive understanding of cancer risk facing WLWH is important in the 

context of the increasing feminization of the HIV epidemic, notably in high-resource 

areas where this growing cohort is also aging and likely to be coping with concurrent 

chronic health concerns.  The purpose of this literature review is to identify and 

synthesize current published literature concerned with the incidence of all-type, ADM, 

NADM and virus-related malignancies among WLWH.  

2.3. Methods 

2.3.1. Definition of cancer  

For the purposes of this review, cancer is defined as a malignant neoplasm. This 

includes verification of cancer diagnosis through chart reviews or data linkages including 

International Classification of Disease (ICD) codes (specifically oncology). Cancer types 

considered include: oral (including lip, tongue, salivary gland, mouth, nasopharynx, 

oropharynx); digestive (including esophagus, stomach, small intestine, large intestine, 

rectum, anus, liver, gall bladder, pancreas); respiratory system (including larynx, lung); 

bone; soft tissue (including heart); melanoma; breast; female genital (including ICC, 

uterine, vulvar); bladder; kidney; eye; brain; thyroid; Hodgkin’s Lymphoma (HL); Non-

Hodgkin’s Lymphoma (NHL); mesothelioma; Kaposi’s sarcoma (KS); and other cancer 

types. Furthermore, cancer types are categorized as either an AIDS-defining malignancy 
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(ADM) or a non-AIDS-defining malignancy (NADM) as well as virus-related malignancies 

(see Table 1.1). Pre-cancerous lesions and benign cases of cancer are excluded.  

2.3.2. Search terms 

A literature search was performed using various search engines including PubMed, 

Google Scholar, and with several grey literature sources from well-recognized 

organizations. Keywords were used in different combinations to retrieve articles from the 

search engines mentioned above. Additional articles were selected from reference 

pages of studies found in the initial search. The various search terms are outlined below 

and were used as general search terms as well as specific to either the title or abstract 

of articles. When searching literature, at least one term from each of the four major 

subgroups was used in various combinations: 

I. Sex: “female”, “women”, or “woman” 

II. HIV: “HIV”, “AIDS”, “HAART”, “cART” or “ART”  

III. Cancer: “cancer”, “malignancy”, “neoplasm”, “non-AIDS-defining malignancies”, 

“AIDS-defining malignancies”, “ADM”, or “NADM” 

IV. Risk: “incidence”, “prevalence”, “rates”,  “burden” or “risk” 

2.3.3. Inclusion and exclusion criteria 

Articles were searched using the search terms above. There were four topic categories 

(sex, HIV, cancer, and risk), and any combination of those key search terms was used to 

find articles. The ‘HIV’, ‘Cancer’, and ‘Risk’ search terms had to be explicitly included in 

the title and/or abstract to be considered, whereas ‘Sex’ could have been mentioned 

anywhere in the article. Articles had to be written in English, available in full-text, and 

published between 1990 and August 2016. Articles were excluded if they did not include 

evidence or review evidence pertaining to the incidence, prevalence, or epidemiological 

risk of cancer among PLWH. Research articles on the treatment, various screening 

procedures, or perceptions of risk for cancer were excluded, as were articles that 

investigated HIV acquisition as an outcome among cancer patients. Moreover, 

qualitative data or data relying on self-report cancer diagnosis data were excluded. 

Articles that did not stratify analyses by sex and/or did not include women specifically in 

their analyses were excluded. Furthermore, articles highlighting research findings from 
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low-resource and/or global south regions were excluded to enhance comparability to 

Canadian populations and for greater specificity. Finally, case studies, commentary, 

responses, abstracts, and/or letters to the editor were excluded.   

2.4. Results 

2.4.1. Literature review results 

 
Figure 2.1 Literature review process and selection criteria  

In total, 141 publications were identified that fit the specified search criteria (see Figure 

2.1). After a brief review of each of their abstracts, 40 were excluded because they did 

not meet the inclusion criteria related to content (e.g., assessed cancer screening, did 

not focus on epidemiological risk, included pre-cancer cases). After reviewing the 

remaining 101 articles, 12 were further found to not meet the inclusion criteria; however, 

an additional 10 articles were identified and included after reviewing relevant reference 

lists. Among the 99 articles included in the literature review, only three explicitly dealt 

with all-type cancer incidence rates among WLWH (78-80), with the majority of articles 

either examining cancer-specific incidence rates (predominantly cervical or lung) among 

WLWH or looking at all-type cancer risk among larger samples of PLWH with limited 

stratification by sex (see Table 2.1). Furthermore, many studies specified general trends 

of ADM and NADM only rather than specific cancer types or systems.  

Ar$cles	  
iden$fied	  
through	  
search	  
criteria	  
n=	  141	  

Excluded	  
a8er	  abstract	  

review	  
n=40	  

Excluded	  
a8er	  full	  
review	  
n=12	  

Included	  a8er	  
reference	  
cross-‐

referencing	  
n=10	  

Total	  ar$cles	  
included	  in	  
review	  	  
n=99	  



24 

Table 2.1 Content results of literature search (n=99) 

Outcome variable of interest (major) Proportion of Articles 
n (%) 

All-type cancer among PLWH 20 (20.2%)* 
ADM, specifically 4 (4.0%) 
NADM, specifically  14 (14.1%) 
ADM and NADM together (categorized the two) 9 (9.1%) 
HPV-related cancers 1 (1.0%) 
ICC 20 (20.2%) 
Anal cancer 8 (8.1%) 
Lung 11 (11.1%) 
Breast 6 (6.1%) 
Other 6 (6.1%) 
*Three of the 20 articles regarding all-type cancer incidence among PLWH specifically address all-type cancer 
incidence and/or risk among a cohort of WLWH 

2.4.2. All-type cancer incidence among WLWH 

There is a notable knowledge gap specific to identifying all-type cancer incidence among 

WLWH over time or compared to a general population sample; thus, identifying temporal 

trends and/or excess risk among WLWH specifically is limited. Other than three 

American population-based cohort studies (78-80), there is no other published research, 

to the best of our knowledge, specific to all-type cancer incidence among WLWH. 

However, there are other studies that have stratified all-type cancer incidence rates by 

sex or that have specifically addressed a particular cancer incidence rate among WLWH.  

There is strong evidence to suggest that WLWH experience all-type cancer 

incidence rates two to four times the rate observed in the general population (78, 156). 

All-type cancer incidence rates among WLWH in the United States are estimated to be 

approximately 6.22 per 1000 person-years (PY), while an incidence rate of less than 2 

per 1000 PY is observed among HIV-negative women (80). Moreover, it is observed that 

younger WLWH may be one of the key risk groups for cancer development. This overall 

rate is fairly consistent across the three studies, suggesting that either overall cancer 

rates may not be decreasing among women or at least one type of cancer is driving the 

consistent elevated rate.  
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2.4.3. AIDS-defining malignancies among WLWH 

ADM (inclusive of NHL, KS, and ICC) were classified as index-diagnosing diseases early 

in the HIV epidemic in the absence of reliable diagnostics and limited treatment options 

(157). The elevated risk of ADM for PLWH is largely attributed to chronic immune 

suppression, a result of rapid progression of HIV and chronic decline of the immune 

system (60, 149). Incidence of ADM specifically among WLWH has been confirmed to 

be elevated compared to the general population (27, 44, 78, 158). Trends suggest a 

decline of ADM over time due to advances in access and efficacy of cART in various 

settings including the United States and Australia (28, 30, 36). After the introduction of 

cART in 1996, there was a clear decrease observed in rates of KS and NHL among 

PLWH (82, 159), and specifically among WLWH (158). Between the early and late 

1990s, the rates of KS decreased by one-third—a dramatic step forward in reducing 

mortality for PLWH (82). There remains a strong association between uptake of modern 

cART and declining all-type ADM incidence rates over time, largely driven by NHL and 

KS rates (28, 29, 36, 55, 160). However, many of these studies have focused on mixed-

sex cohorts and largely fail to stratify by sex, overgeneralizing the impact of cART 

uptake on ADM risk for WLWH. There is notable heterogeneity between NHL, KS, and 

ICC with respect to the etiology and infectious components. As such, generally looking 

at ADM rates among PLWH may not provide the complete picture of cancer risk.  

Overwhelmingly, the literature on cancer risk among WLWH looks specifically or 

solely at ICC or pre-cancer cases. This may be because while the uptake of cART may 

prevent excess risk of KS and NHL and may have led to dramatic declines in these 

diseases, the same trend has not been observed in ICC (27, 44, 55, 161). While 

advances in treatment efficacy and tolerability have been largely credited for the 

declining rates ADM, there is strong evidence to suggest a null impact on ICC rates 

among WLWH over time (44, 82, 114, 162, 163). In fact, incidence rates of ICC have 

either remained stable (36, 164) or have slightly increased (165, 166).  ICC has been 

reported as the most common ADM among WLWH (84). Research suggests incidence 

of ICC may be four to 22 times higher among WLWH compared to the general 

population (84, 160).  The elevated risk of ICC among WLWH has been well established 

with an abundance of studies published since the advent of the HIV epidemic 

demonstrating the increased risk of ICC among this population (84, 87-90, 92, 114, 115, 

146, 160, 162, 164, 165, 167-169).  
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Although there may be a link between compromised immune status and ICC (92, 

170), with some research citing women with lower baseline CD4 cell count having a 7.7 

times increased risk ICC (170), the potential for cART to reduce incidence of ICC 

overtime for WLWH remains unclear (88). A recent meta-analysis on the impact of 

immune suppression on human papilloma virus (HPV)-related ICC cites that any 

biological benefit of cART on the development of ICC has been equipoised by increased 

longevity and opportunity to acquire significant risk factors for ICC, including infection 

with high-risk strains of HPV (88). However, then it must also be noted that any 

advantages accrued by modern cART in reducing the risk of other cancers may be 

unveiling seemingly higher rates of ICC due to lack of competing risks and thus masking 

any benefit of cART specifically on ICC (146). Despite the unclear association between 

cART uptake and incidence of ICC (163), there remains an undisputed association 

between receiving cART and increased life expectancy overall for WLWH (171). 

A meta-analysis of cancer rates among PLWH and organ transplant recipients 

found that immune suppression was identified as a significant contributor to 20 out of the 

28 cancers examined for both groups, with many being identified as infectious-related 

malignancies (55). This has significant implications for PLWH and WLWH managing 

their HIV-related care over the life course. This association is further highlighted by an 

abundance of research showing an elevated risk of ICC and anal cancer among WLWH, 

both HPV-related malignancies (49, 50, 52, 58, 88, 115). While all sexually active 

individuals are susceptible to HPV, immune suppression is one major biological factor 

associated with acquiring HPV (90). High HPV viral load was associated with an 

increased risk of cervical cancer among women with CD4 cell count of less than 200 

cells/mm3 compared to women with higher CD4 cell counts (114), providing further 

support for the role of immune suppression to facilitate risk for certain cancers among 

this population (160).  Looking further at the role of cART uptake, immune status at 

cART uptake and ICC cancer risk will be an important area of research moving forward.  

2.4.4. Non-AIDS-defining malignancies among WLWH 

Research suggests that while ADM may appear to be declining over time, largely driven 

by decreases in NHL and KS in men living with HIV (MLWH), incidence of NADM 

diagnoses may be either stabilizing (32) or increasing among PLWH (21, 60, 86). As 

uptake of cART improves at a population level, there is no evidence to suggest that rates 
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of NADM are subsequently declining (159); in fact, in some contexts and in some 

populations there is an observed increase (47). Excess risk of NADM has been 

observed among PLWH with estimates citing a 100% increased risk within this 

population (143). NADM may account for more morbidity and mortality than ADM since 

the advent of cART (172). In the United States, NADM accounted for less than 40% of 

all malignancies among PLWH before 1996, and after this time NADM accounted for 

nearly 60% of all cancer diagnoses among this population (47). Some research has 

identified an increased risk of NADM among WLWH specifically (141, 173), while others 

suggest men are disproportionately affected (86, 159, 174, 175). Among WLWH 

specifically, the most common NADMs reported include HL, bladder, colon, lung, skin, 

and liver cancer (59, 62, 86, 142). 

While the relationship between immune status and incidence of ADM, mainly 

NHL and KS, may be relatively certain and agreed upon, showing clear temporal trends 

with the uptake of cART and population-level reductions in cancer, the impact of cART 

on NADM incidence rates among PLWH remains highly contested (60). Some studies 

suggest that uptake of cART is associated with lower rates of NADM (173). There is also 

no evidence to suggest that lower CD4 nadir is associated with increased risk of NADM 

(176). However, there is research to support the association between increased CD4 cell 

count and decreasing rates of NADM, suggesting an important role for immune response 

after HIV diagnosis in defining individual cancer risk (176). Moreover, some evidence 

suggests that NADM incidence increases only in severely immune-compromised women 

(173). The relationship between elevated risk of NADM and immune deficiency does 

appear to differ by cancer type, and the overall impact of cART on overall NADM 

incidence may not be clear enough for a consensus (60, 177, 178). Looking at incidence 

of NADM overall among PLWH and WLWH may over-generalize the relationship 

between HIV and cancer risk and, as such, there needs to be an examination of virus-

related and non-virus-related NADM (177).  

Due to the heterogeneity of NADM types, it is difficult to generalize and look at all 

NADM incidence rates collectively. As such, many studies have stratified by virus- or 

non-virus-related malignancies. Non-virus-related NADM is defined as any malignancy 

other than ICC, NHL, or KS and it excludes cancers with an infectious etiology (174). 

Research suggests non-virus-related NADM incidence may be elevated relative to 

general population samples (177), with studies citing an approximately 60% increased 
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risk of non-virus-related NADM among PLWH (21, 174). When adjusting for gender in a 

large cohort study comparing PLWH and a general population sample in Italy, WLWH 

were not found to have significantly higher incidence rates of non-virus-related NADM 

compared to their male counterparts (174). This is suggested to be an artifact of more 

prevalent known cancer risk behaviours (e.g., smoking) among male PLWH compared to 

WLWH (174). The most notable non-virus-related NADM among WLWH continue to be 

lung and breast cancer [65].  

In addition to viral association of certain cancers, the literature focuses on select 

elevated NADM risk among WLWH. Therefore, I have chosen to highlight some of the 

more prevalent NADM below. 

Lung cancer 

Among a sample of WLWH in the United States, lung cancer occurred at twice the rate 

observed among women in the general population (80). There is no evidence to suggest 

that the rates of lung cancer have been impacted by modern cART (117). Research 

suggesting lung cancer is the most common NADM among PLWH also cites that higher 

smoking rates alone cannot explain the excess risk (62). Factors independently 

associated with lung cancer diagnosis in a longitudinal study of PLWH found that older 

age, less education, 10 or more years of smoking, and prior diagnosis of AIDS-related 

pneumonia were predictors of lung cancer (179). Importantly, mortality outcomes 

associated with lung cancer among WLWH may be compromised with one sample 

finding that all WLWH in their sample with lung cancer were young smokers and all died 

within six months of follow up (52). There is no clear explanation for the observed 

increased risk of lung cancer among PLWH or WLWH, with studies showing an elevated 

risk despite adjusting for cART uptake, smoking status, and other immune-status 

markers and risk factors.  

Breast Cancer 

There is conflicting evidence on the incidence of breast cancer among WLWH, with 

studies suggesting an elevated risk (142), reduced risk (37, 59, 113, 175, 180), and no 

difference in incidence compared to the general population (118, 158). Moreover, 

incidence of breast cancer does not appear to vary when accounting for changes in CD4 

cell count or AIDS diagnosis (113). Beyond incidence rates of breast cancer for WLWH, 



29 

research does indicate that WLWH with breast cancer present with more advanced and 

aggressive forms of breast cancer and experience poorer chemotherapy tolerance 

compared to HIV-negative women of similar age and ethnicity (180). There is a notable 

lack of epidemiological research on breast cancer incidence rates, especially when 

comparing rates among WLWH to the general population. While some case studies 

have noted explanations for why breast cancer rates may be slightly reduced among 

WLWH compared to the general population, this is a priority area of research moving 

forward considering breast cancer is still one of the most common cancers diagnosed 

among women, regardless of HIV status.  

Virus-related non-AIDS-defining malignancies among WLWH 

As discussed, the link between progressive immune suppression and NADM has not 

been clearly established and, as such, there has been increased emphasis on the role of 

other oncogenic factors in explaining the incidence of certain cancers (181). Virus-

related NADM are classified as malignancies with established infectious etiology 

whereby presence of a virus is associated with an elevated rate of malignancy (16). A 

large cohort study with over 5,000 HIV-positive participants found that while non-virus-

related NADM was elevated slightly among PLWH (Standardized Incidence Rate 

[SIR]=1.6), it was not nearly as significant as the elevated risk of virus-related NADM 

(SIR=12.3) compared to the general population (21).  While the emphasis tends to focus 

on virus-related NADM, certain oncoviruses including human-papilloma virus (HPV) 

have been well established as risk factors for ICC (an ADM), especially among WLWH 

(87, 89, 92, 164). For the purposes of this review, we will be excluding HPV-related ICC 

as it has been previously classified and described as an ADM above.  

The relationship between immune suppression and virus-related NADM is highly 

contested. A study investigating excess of virus-related malignancies among PLWH 

found that only HL and soft-tissue malignancies met the criteria for potential association 

with immune suppression (143). Contrasting research finds that current CD4 cell count 

at HIV diagnosis is the most predictive risk factor for all malignancies except anal cancer 

among PLWH (182) and that chronic immune suppression is an independent marker of 

virus-related cancer risk, regardless of HIV sero-status (160). Outside of HPV-related 

ICC, there is no research on virus-related NADM among WLWH specifically in the 
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context of universally provided cART. Regardless, we discuss below the potential 

impacts of virus-related cancers on PLWH and WLWH in particular.  

HPV-related cervical cancer 

While all sexually active individuals are susceptible to HPV, immune suppression is a 

major biological factor associated with acquiring HPV (90). There is conclusive evidence 

to support the association between HIV infection and the risk of cervical cancer as well 

as the association between immune suppression and HPV infection, an established risk 

factor for the development of cervical cancer (91-93, 183).  In a landmark study including 

307 WLWH, high HPV viral load was associated with an increased risk of cervical cancer 

among women with CD4 cell count of less than 200 compared to women with higher 

CD4 cell counts (114). This finding has been replicated and verified in numerous other 

studies (115, 144, 184). The significance of HPV in the relationship between HIV and 

cervical cancer cannot be understated as evidence suggests that in the absence of HPV 

infection, the rates of pre-cancerous lesions on the cervix were similar between a 

sample of HIV-infected and HIV-uninfected women (115).  

HPV-related anal cancer 

The role of HPV in virus-related NADM may be more significant than once thought. 

There is a known association between the presence of HPV and HIV among WLWH 

(49), and this co-infection has contributed to elevated rates of anal cancer over time (50, 

52, 83, 185, 186). PLWH have a nearly 30 times increased risk of developing anal 

cancer compared to general population samples (55, 62).  Estimates suggest that 

WLWH are nearly 7 times more likely than general populations of women to be 

diagnosed with anal cancer (50). In the first study of incident cancer cases in Asia, 

researchers found that the incidence rate of anal cancer among WLWH was 10 per 

100,000 PY (142).  In a different sample of WLWH, nearly one-third of the women had 

one or more pre-cancerous anal lesions detected during anal cancer screening (49). 

Moreover, there does not appear to be an association between immune status and anal 

cancer for PLWH, with evidence demonstrating that even in PLWH with high CD4 cell 

counts and on cART, there was no long-term benefit with respect to curbing risk of anal 

cancer (52).  
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EBV-related Hodgkin’s lymphoma 

The presence of the Epstein-Barr virus (EBV) has been shown to be strongly associated 

with HL diagnosis (187). In the 1960s, this association was suggested after discovered 

elevated levels of EBV among patients with HL, but not with other lymphomas (97). 

Among HL patients, the presence of EBV-DNA was detected in one-quarter of all 

patients (188). The relationship between EBV and HL in PLWH is markedly different 

than observed in HIV-negative populations. Hodgkin’s lymphoma is elevated among 

PLWH with estimates citing a 16-fold increase in this population (59). The EBV genome 

is detected at higher frequency in PLWH diagnosed with HL compared to HIV-negative 

HL patients (189). Moreover, EBV-related HL tends to be more aggressive with poorer 

prognosis among PLWH (26, 189). Individuals who have progressed to AIDS may have 

a higher likelihood of developing EBV-related HL, suggesting a potential link with 

immune suppression (26).   

Hepatitis-related liver cancer 

Hepatitis C virus (HCV) and hepatitis B virus (HBV) are both established risk factors for 

hepatocellular carcinoma—primary cancer of the liver (29, 53). Chronic inflammation 

caused by the presence of HCV and/or HBV is one of the key physiological processes 

that contribute to the development of liver cancer (53). There is also an elevated risk of 

HCV and HBV among PLWH, largely due to similar route of transmission for both HIV 

and hepatitis viruses (54). This has significant long-term implications for co-infected 

individuals. Research has established that PLWH with HBV, especially immune 

compromised individuals, have an increased risk of liver-related mortality, including 

cancer (54). There is a nearly two-fold higher rate of HCV among individuals with any 

NADM diagnosis (59). Liver cancer among WLWH may be 7 times higher among WLWH 

compared to HIV-negative women (44). There is no available literature on incidence or 

trends of HCV- and HBV-related liver cancer specifically among WLWH.  

H pylori-related stomach cancer 

There remains a significant lack of literature on the incidence of stomach cancer among 

WLWH, and more generally among PLWH. A meta-analysis published in 2007 found 

that stomach cancer rates were increased among a sample of PLWH as well as a 

comparison sample of transplant recipients, suggesting a potential link between immune 

suppression and stomach cancer (55). H pylori has been estimated to cause over 60% 
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of all stomach cancers and rates were nearly doubled among a sample of PLWH, further 

suggesting that PLWH may be disproportionately affected by significant risk factors for 

stomach cancer (55). There is contrasting evidence to suggest that stomach cancer is 

the only virus-related NADM that may not be elevated among PLWH (58). This suggests 

a gap in the literature along with a complete absence of literature looking at the 

incidence of stomach cancer among WLWH.  

2.5. Discussion 

There is a clear lack of research on cancer incidence specifically among WLWH, 

although many papers acknowledge the consistent elevation in ICC incidence. The 

findings from this literature review suggest that cancer is and will continue to be a major 

priority for health among the growing aging cohort of WLWH. Moreover, this review 

highlights the importance of addressing HIV as a chronic condition that introduces 

significant risk of other conditions throughout the life course and the trajectory of HIV-

related care.   

Looking at overall cancer incidence rates, we see a nearly two-fold increased risk 

of cancer among WLWH compared to HIV-negative women (25, 78). The observed 

elevation in cancer risk raises a pertinent concern for the care of WLWH as the 

demographic portfolio of PLWH in BC ages, further contributing to the risk of developing 

cancer (37). Forecasting non-HIV-related morbidity burden and HIV-related care for 

PLWH must include a consideration of elevated cancer risk including predictors of 

cancer, screening practices, and managing subsequent outcomes.  

Further considerations for how cART uptake may mitigate this risk needs more 

investigation, as the impact of cancers specifically among WLWH is unknown. The 

impact of immune suppression at the time of HIV diagnosis may be directly related to 

increasing risk of certain cancers such as NHL and KS (60, 149) although the risk of 

these cancers has been attenuated with the advent of modern cART (16). While 

analyses of crude cART uptake over time may not suggest a similar decline in ICC and 

NADM relative to cART uptake, recent research suggests that immune suppression may 

be a significant modifying factor for virus-related NADM in particular (80). However, 

there is limited research to show how this may impact WLWH in particular. Current 

literature on NADM incidence suggests that immune suppression may play a critical role 
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in explaining excess cancer risk, most notably for virus-related malignancies, among 

WLWH (80).  

After HIV diagnosis, there continues to be significant attrition in PLWH initiating 

cART (190). It has been suggested that women experience poorer uptake of cART after 

HIV diagnosis (191, 192), potentially threatening the potential therapeutic benefit in 

reducing excess cancer risk. Women may be less likely to initiate cART after HIV 

diagnosis than their male counterparts (192).  There are significant risks associated with 

the delay or avoidance of cART after HIV diagnosis, beyond the HIV-related adverse 

health outcomes associated with chronic immune suppression (2, 193). Regarding 

cancer risk, the incidence of ADM among WLWH is elevated compared to the general 

population (27, 44, 78, 158), although trends suggest a decline over time due to 

advances in access and efficacy of cART (28, 30, 36). Use of cART may prevent excess 

risk of KS and NHL and have led to dramatic declines in incidence (27, 44, 55). A study 

using a large Italian cohort found that lack of uptake of cART after HIV diagnosis was 

significantly associated with an increased risk of all-type NADM among PLWH (174). 

There still may be significant potential for cART uptake to reduce cancer incidence for 

WLWH, further emphasizing the importance for early engagement in HIV-related care. 

There is a lack of evidence to suggest uptake of cART is associated with reduced risk of 

ICC (163, 194).  

As WLWH age, their likelihood of acquiring other comorbidities increases, 

offsetting potential benefit achieved from cART and subsequent improved immune 

status (88). Moreover, the disease-free survival for WLWH is not improving over time 

compared to MLWH. Early diagnosis and engagement of cART for WLWH may have 

significant benefits including reduction in certain ADM. Moreover, there may be a 

therapeutic impact of early initiation of cART, before chronic immune suppression is 

indicated, on incidence of malignancies that are either virus-related or where incidence 

may be exacerbated by immune suppression at baseline HIV diagnosis.  

2.6. Summary 

This scoping literature review assessed the existing literature on all-type cancer 

incidence as well as specific incidence rates for ADM, NADM, virus-related, and non-

virus-related malignancies among WLWH. The literature suggests that there is a clear 
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elevated risk of all types of cancer among WLWH compared to HIV-negative women 

although temporal trends are unclear. While NHL and KS, both classified as ADM, 

appear to be declining among WLWH over time largely due to improvements in cART 

uptake, there is no clearly observed decrease in ICC incidence (the third ADM). This 

suggests that claims of widespread decreases in ADM among PLWH may not 

adequately represent the realities and risks facing WLWH. While there is limited 

evidence to support that cART uptake reduces ICC risk, evidence may suggest that 

taking cART may impact immune function, which may mediate risk of acquiring certain 

known oncoviruses observed in excess among WLWH.  

This review also highlighted the elevated risk of certain specific cancer types for 

WLWH. Lung cancer is observed in excess while the incidence of breast cancer may be 

similar or slightly reduced among WLWH compared to the general population of women. 

Risk of NADM among WLWH may be significantly elevated for virus-related 

malignancies compared to non-virus-related malignancies. Notably, HPV-related anal 

cancer, EBV-related HL, hepatitis-related liver cancer, and H pylori-related stomach 

cancer are observed in excess among WLWH, although further research is needed in 

this area.  

In the modern cART era, the incidence of NADM is elevated among WLWH 

compared to the rates in the general population. How HIV-related care will adapt to the 

realities of aging WLWH facing elevated risk of cancer will be a critical challenge moving 

forward. This may include an assessment of current cancer prevention strategies aimed 

at WLWH, including routine screening and monitoring guidelines as well as a 

consideration for HIV therapy in the context of mitigating cancer risk. It is clear that there 

is a need for more nuanced assessments of the impact of cART, notably timing and CD4 

cell decline at initiation, on cancer risk overall rather than crude assessments of 

treatment (i.e., on vs not on cART).  Finally, this review calls for an increase in women-

specific research on the topic of HIV comorbidities and cancer, as the current literature is 

significantly lacking. Greater support for women-specific age-related comorbidity 

research will better inform clinical practice and hopefully begin to address the disparities 

in cancer morbidity and mortality observed among WLWH.  
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Chapter 3.  
 
Cancer incidence among women living with HIV in 
British Columbia, Canada: A heightened risk of virus-
related malignancies  

3.1. Abstract 

Cancer is a leading cause of morbidity and mortality among people living with HIV 

(PLWH) in the modern combination antiretroviral therapy (cART) era. There is limited 

research on cancer incidence and trends specific to women living with HIV (WLWH), 

despite the fact that women represent the greatest number of PLWH globally. In 

Canada, where WLWH are aging, it is imperative to investigate the impact of cancer 

incidence in this population.  

We used population-based data to identify incident cases of cancer and 

correlates of cancer among WLWH in British Columbia (BC), Canada between 1994 and 

2008.  Data were obtained from a retrospective population-based cohort created from a 

linkage of two province-wide databases: 1) the BC Cancer Agency (BCCA), a province-

wide population-based cancer registry; and 2) the BC Centre for Excellence in HIV/AIDS 

(BC-CfE), which manages a provincial database of all persons treated with antiretroviral 

therapy in BC. This analysis included a sample of women aged 19 years or older who 

were living with HIV and accessing antiretroviral therapy in BC. We also obtained a 

general population comparison of cancer incidence among adult women aged 19 years 

or older from the BCCA for the same time period. Bivariate analysis (Pearson chi-

squared, Fisher’s exact, or Wilcoxon rank-sum tests) compared women with and without 

incident cancer across relevant clinical and socio-demographic variables. Standardized 

incidence ratios (SIR) were calculated for selected cancers compared to the general 

population sample.  

We identified 2,211 women with 12,529 person-years (PY) of follow-up who were 

at risk of developing cancer after entry into HIV care and a total of 78 incident cancers 

(615/100,000 PY).  WLWH who had cancer, in comparison to the general population 

sample, were more likely to be diagnosed with Invasive Cervical Cancer (ICC), 
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Hodgkin’s lymphoma, non-Hodgkin’s lymphoma (NHL) and Kaposi’s sarcoma (KS) and 

less likely to be diagnosed with cancers of the digestive system. This study observed 

elevated rates of cancer among WLWH compared to the general population sample. 

WLWH may have an increased risk for cancers of virus-related pathogenesis. 

3.2. Background 

Prior to the start of the modern combination antiretroviral therapy (cART) era, people 

living with HIV (PLWH) were nearly twice as likely as HIV-negative individuals to develop 

cancer, and rates of non-Hodgkin’s lymphoma (NHL) and Kaposi’s sarcoma (KS) were 

roughly 60 and 300 times higher, respectively, than rates observed in the general 

population (25, 26). Invasive cervical cancer (ICC), NHL and KS are considered AIDS-

defining malignancies (ADM) and were often the presenting AIDS index disease early in 

the HIV epidemic (25, 26).  The increase in ADM among PLWH was largely and directly 

attributed to cell-mediated immune suppression characterized by low CD4 cell counts 

(27, 28). Advances in HIV therapies have led to a decline in ADM, markedly so at the 

time of HIV diagnosis (29-32).  

Despite increased efficacy of cART and improved HIV care models, PLWH 

continue to bear a disproportionate burden of illness and disease (2, 195). While ADM 

incidence rates have declined in response to cART, there has been an increase in non-

AIDS-defining malignancies (NADM) (26, 32, 46, 174, 196). These NADM events include 

malignancies such as lung cancer, which affects people living with HIV 

disproportionately (197, 198). Furthermore, not all NADM may hold the same risk for 

PLWH, as infection-related NADM have been found to disproportionately affect this 

population in comparison to infection-unrelated NADM (21, 28, 32). The increase in 

NADM incidence has been observed in PLWH for cancers with underlying infectious 

causes, such as ano-genital malignancies related to human papillomavirus (HPV), liver 

cancer in the context of hepatitis viruses, and potentially Hodgkin’s Lymphoma, which is 

more commonly diagnosed in individuals with a history of Epstein-Barr virus (EBV), a 

viral infection (55-58).  That NADM have non-uniformly impacted PLWH suggests that 

this may not merely be an artifact of increased life expectancy from improved therapies.  

The increase in NADM overall among PLWH also suggests that biological 

mechanisms such as chronic inflammation, immunologic aging, and viral infections may 
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contribute to cancer risk (46). However, the link between immunosuppression and 

NADM is not as clear as the relationship with ADM and may not be sufficient to explain 

the observed increase in the modern cART era (27, 61). While the non-modifiable 

factors already discussed above may increase the risk of NADM, recent reports suggest 

that uptake of cART may be protective against cancer development (177, 199). 

Moreover, cART initiation timing may be particularly significant, defined by CD4 cell 

count at initiation, suggesting a protective role of early initiation on cancer risk (100).  

To date, most of the literature evaluating the association of cancer and HIV has 

predominately focused on males (156, 174). This is a glaring gap, given that women 

experience sex-specific cancers and may experience poorer clinical outcomes in some 

settings (59). In addition, evidence suggests that the introduction of cART has had 

minimal impact on the incidence of ICC and other female genital cancers that are 

generally understood as ADMs, in comparison to NHL and KS (87, 88).  

To begin to fill this gap, we used population-based data to characterize the 

incidence of cancer diagnosed between 1994 and 2008 among WLWH in British 

Columbia (BC), Canada. We compared socio-demographic and clinical characteristics of 

WLWH with and without cancer diagnoses. Lastly, we compared cancer incidence rates 

in WLWH to women without HIV using direct age-adjusted standardization (with 1996 

standard general population). As well, we compared the median age at cancer diagnosis 

between the two groups.  

3.3. Methods 

3.3.1. Study Population 

Data were obtained from the province-wide registry at the BC Centre for Excellence in 

HIV/AIDS (BC-CfE) in Vancouver, Canada. This database includes information on all 

individuals in the province who have ever accessed or are currently accessing HIV care 

in which an HIV viral load was ordered—that is, all individuals who have ever accessed 

antiretroviral therapy (ART) in the province. In BC, cART and viral load (VL) tests are 

available free of charge through the Drug Treatment Program (DTP) at the BC-CfE 

(195). The DTP distributes medications according to the guidelines set by the 

Therapeutic Guidelines Committee and are regularly updated in accordance with the 
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guidelines set out by the International AIDS Society – USA (132, 200). In brief, the DTP 

maintains a prospective database to track antiretroviral utilization and clinical status of 

PLWH on cART. Individuals are enrolled in the DTP when they are first prescribed cART 

and are subsequently monitored at time intervals that are no longer than three months. 

All clinical data are updated in real time so that patients can be monitored prospectively. 

Longitudinal clinical data from the DTP was matched and linked through a 

crosswalk file to cancer registry data from the BC Cancer Agency (BCCA) utilizing 

provincial healthcare numbers and dates of birth. The BCCA is an agency of the 

Provincial Health Services Authority that provides detailed statistics on cancer and 

cancer-related health outcomes. Data from the BCCA included cancer type, stage of 

cancer, and corresponding International Classification of Disease (ICD) oncology codes. 

This linkage also provided a general population sample of people with cancer diagnoses 

from the BCCA.  

3.3.2. Inclusion and Exclusion Criteria 

As described above, data were obtained from a retrospective population-based cohort 

created from a linkage between the BCCA’s provincial registry and the BC Centre for 

Excellence in HIV/AIDS DTP database. For the purposes of this analysis, we included 

individuals of female sex (herein referred to as ‘women’) who were HIV-positive and 

residents of BC. Participants had to be 19 years of age or older from the time they 

engaged in HIV care in BC (i.e., first plasma viral load, CD4 cell count, or ART 

prescription). We excluded women who had a cancer diagnosis that preceded their first 

HIV care contact. All incident cancer cases were included with the exception of non-

melanoma skin cancers.  Pre-invasive cancers including intraepithelial lesions of the 

uterine cervix were excluded. The last date of follow-up for the current analysis was 

December 31, 2008. 

3.3.3. Outcome Variable 

The primary outcome variable analyzed was cancer diagnosis as confirmed by the 

BCCA via ICD-O codes (see Table 1.1). Cancer type was classified using SEER coding, 

which allows for coding and stage identification of malignancies (201). Incident cancers 

were classified as: oral (including lip, tongue, salivary gland, mouth, nasopharynx, 
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oropharynx and other-oral); digestive organs (esophagus, stomach, small intestine, large 

intestine, rectum, anus, liver, gallbladder, pancreas, other-digestive); respiratory system 

(larynx, lung, other-respiratory); bone; soft tissue (including heart); melanoma (skin); 

breast; genital organs (cervix, uterus, ovary, other-genital); urinary organs (bladder, 

kidney, other-urinary); eye; brain and central nervous system; endocrine gland (thyroid, 

other-endocrine); Hodgkin’s lymphoma; Non-Hodkin’s lymphoma (NHL); multiple 

myeloma; leukemia; mesothelioma; Kaposi’s sarcoma (KS); and other cancer types.  

3.3.4. Explanatory Variables 

Demographic explanatory variables of interest included: age at baseline (earliest date of 

either first cART treatment date or first CD4 measurement or first plasma VL 

measurement as recorded in the DTP); history of injection drug use (IDU) (yes or no); 

and ethnicity (Caucasian or other). We also included: hepatitis C co-infection (yes, no, or 

unknown); AIDS-defining illness (yes or no); baseline CD4; baseline VL; nadir CD4; 

peak VL; and cumulative length of time on ART. All-cause mortality was also examined.  

3.3.5. General Population Comparison 

Cancer incidence and age information for the general female population were obtained 

from the BCCA database. As mentioned above, this database includes all BC residents 

who were diagnosed with a specific incident cancer without specification of HIV status. 

We completed one analysis with the general population, which provided a comparison of 

age standardized incidence rates (per 100,000) from 1994 to 2008 by cancer type. 

3.3.6. Statistical Analyses 

Cancer incidence rates were calculated separately for each cancer. Bivariate analysis 

comparing women with and without incident cancers were conducted using the Wilcoxon 

rank-sum test for continuous variables and the Pearson Chi-squared or Fisher’s exact 

tests for categorical variables. For the incidence rate comparison, we calculated the 

Standardized Incidence Ratios (SIR) with 95% confidence intervals (CI) for the different 

types of cancer stated above. All analyses were conducted using SAS version 9.3 (SAS, 

Cary, North Carolina, United States) with a level of significance set at 0.05.  
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3.4. Results 

After removing individuals who had a cancer diagnosis date preceding their HIV 

diagnosis, a total of 2,211 women (with 12,529 PY of follow-up) were identified as being 

at risk of developing cancer after entry into HIV care. We observed a total of 78 incident 

cases of cancer, yielding an overall incidence rate of 615 per 100,000 PY.  Among the 

78 WLWH with a cancer diagnosis, 46 were classified as ADM. Incident cases of ADM 

included five cases of KS, 19 cases of NHL (11 nodal and 8 extra nodal), and 22 cases 

of ICC. Another 31 women were diagnosed with NADM, including: one case each of 

oral, liver, soft tissue, thyroid, uterine and mesothelioma; seven cases of lung cancer; 

seven cases of breast cancer; three cases of Hodgkin’s lymphoma; two cases of urinary 

tract cancer; two cases of vulvar cancer; and two cases of anal or rectum cancer. In 

addition, there was one unidentified cancer site (see Figure 3.1).  

 
Figure 3.1 Distribution of AIDS-defining and non-AIDS-defining malignancies 

among a sample of 78 WLWH 

Diagnosed	  
malignancies	  
(n=78)	  

615	  per	  100,000	  PY	  

ADM	  	  
(n=47)	  

Cervical	   n=22	  
NHL	   n=19	  

Kaposi’s	  sarcoma	   n=5	  

NADM	  
(n=31)	  

Lung/bronchus	   n=7	  
Breast	   n=7	  

Hodgkin’s	   n=3	  
Urinary	  system	   n=2	  

Vulva	   n=2	  
Rectum	  /	  anal	   n=2	  
Corpus	  uteri	   n=1	  
Gum	  /	  mouth	   n=1	  
Soft	  tissue	   n=1	  
Thyroid	   n=1	  

Mesothelioma	   n=1	  
Liver	   n=1	  

Other	  /	  unknown	   n=1	  
Skin	   n=1	  
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Among the 78 WLWH with incident cancers, the median age at cancer diagnosis was 40 

(range 32-48 years) (see Table 3.1). Within this group, the median CD4 cell count in the 

year prior to cancer diagnosis was 150 cells/mm3 (range 40-259 cells/mm3) (n=52), and 

the median documented duration for which CD4 cell count was <200 cells/mm3 prior to 

cancer diagnosis was 0.8 months (n-59). A significant proportion of women (37.7%) 

were less than 95% adherent to cART in the year prior to cancer diagnosis. The median 

documented duration of a VL above 200 copies/mL prior to cancer diagnosis was 13 

months (n=74), and nearly 70% of these women had VL >250 copies/mL in the year 

prior to cancer diagnosis. Two women were diagnosed with more than one cancer type 

but only the first diagnosis of cancer after HIV diagnosis was included in our analysis.  

Table 3.1 Descriptive variables in WLWH with a cancer diagnosis (following 
HIV diagnosis), n=78 

Variable Response (n) Median (IQR) OR n (%) 
Age at cancer diagnosis (years) 59 40 (32-48) 
Most recent CD4 cell count, in year prior to cancer 
diagnosis 

52 150 (40-259) cells/mm3 

Duration with CD4 cell count <200 cells/mm3 prior 
to cancer diagnosis (in months) 

59 0.8 (0-22) months 

Optimal adherence to cART, in year prior to 
diagnosis (defined as 95% of above) 

77 48 (62.3%) 

Virally suppressed (<50 copies) for 12 months prior 
to cancer diagnosis 

77 6 (7.8%) 

 

In comparison to WLWH without cancer (n=2,134), WLWH with a cancer diagnosis 

(n=78) were more likely to have a baseline AIDS defining illness (ADI) (16.9% vs 5.9%, 

p<0.001), lower baseline CD4 cell counts (median of 140 vs 250 cells/mm3, p<0.001), 

lower nadir CD4 cell counts (median of 50 vs 150 cells/mm3, p<0.001), and a higher 

peak VL (median of 100,010 vs 69,000 copies/mL, p<0.001). WLWH also had a 

significantly higher likelihood of mortality after cancer diagnosis compared with HIV-

negative women (46.2% vs 17.5%, p<0.001). No significant differences were observed 

when comparing WLWH with or without a cancer diagnoses with regards to age at entry 

into HIV care, history of IDU, ethnicity, hepatitis C co-infection, or cumulative length of 

time receiving cART (see Table 3.2).  
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Table 3.2 Comparison of socio-demographic and clinical characteristics of 
WLWH with and without cancer diagnosis  

Variable WLWH with no cancer 
diagnosis (n=2133) 

WLWH with cancer 
diagnosis (n=78) 

p-value 

Age at baseline 
Median (IQR) 

 
33 (26-40) (n=1333) 

 
33(29-43) 
[n=59] 

 
0.090 

Injection drug use, ever 
Yes 
No 

 
846 (39.7%) 
1287 (60.3%) 

 
37 (47.4%) 
41 (52.6%) 

 
0.169 

Ethnicity 
Caucasian 
Other 

 
351 (16.5%) 
1782 (83.5%) 

 
16 (20.5%) 
62 (79.5%) 

 
0.344 

HCV  
Yes 
No 
Unknown 

 
375 (17.6%) 
773 (36.3%) 
984 (46.2%) 
(n=1125) 

 
15 (19.2%) 
39 (50.0%) 
24 (30.8%) 

 
0.453 

Baseline ADI 
Yes 
No 

 
125 (5.9%) 
3008 (94.1%) 

 
13 (16.7%) 
65 (83.3%) 

 
<0.001* 

Baseline CD4 
Median (IQR) 

 
250 (140-380) 
(n=1260) 

 
140 (40-240) 

 
<0.001* 

Baseline VL 
Median (IQR) 

 
54000 (12868- 
100010) 

 
1000010 (38100- 
1000010) 

 
0.001* 

Nadir CD4 
Median (IQR) 

 
150 (50-270) (n=1549) 

 
50 (10-130) 

 
<0.001* 

Peak VL 
Median (IQR) 

 
69000 (2500-1000010) 

 
1000010 (1120-
1000010) 

 
0.023* 

Years on ART 
Median (IQR) 

 
5 (2-10)  
(n=1315) 

 
4 (3-10) 

 
0.766* 

Deceased (all cause) 
Yes 
No 

 
370 (17.5%) 
1763 (82.7%) 

 
36 (46.2%) 
42 (53.89) 

 
<0.001* 

*Indicates statistical significance at p<0.05 

We calculated age-standardized cancer incidence rates (per 100,000 PY) by type 

between our group of WLWH diagnosed with cancer and the general population sample 

provided by the BCCA. WLWH with a cancer diagnosis were more likely to be diagnosed 

with ICC (SIR 24.18; 95% CI 15.15–36.60), Hodgkin’s lymphoma (SIR 11.54; 95% CI 

2.38–33.71), NHL (SIR 10.98; 95% CI 6.61–16.44), and KS (SIR 500; 95% CI 162.35–

1166.83). There were no significant differences in uterine, vulvar, oral, respiratory, rectal, 
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anal, liver, lung, soft tissue, urinary, endocrine, mesothelioma, or other unspecified 

cancer cases in comparison to the general population sample. WLWH were less likely to 

develop cancer of the digestive system (SIR 0.37; 95% CI 0.08–0.90) and, while not 

significant, breast cancer incidence among WLWH appeared to be slightly lower than the 

incidence rates observed in the general population sample (SIR 0.55; 95% CI 0.22–1.02) 

(see Table 3.3). 

Table 3.3 Comparison of age-standardized cancer incidence rate between 
WLWH Drug Treatment Program (DTP) and women from general 
population sample 

  

WLWH incidence rate 
(100,000 PY)  
Median (IQR) 

General population 
incidence rate (100,000 
PY)  
Median (IQR) 

SIR with 95% 
Confidence Interval 

Oral cavity and pharynx (n=1) 7.98 5.60 1.43 (0.04-5.27) 
Respiratory system (n=7) 55.87 46.80 1.19 (0.84-2.23) 
Soft tissue (n=1) 7.98 2.00 4.00 (0.10-14.76) 
Breast (n=7) 55.87 102.43 0.55 (0.22-1.02) 
Cervical (n=22) 175.59 7.30 24.18 (15.15-36.60)* 
Uterine (n=1) 7.98 18.5 0.43 (0.01-2.40) 
Vulvar (n=2) 15.96 2.70 5.88(0.71-21.25) 
Urinary system (n=2) 15.96 15.10 1.06 (0.13-2.95) 
Thyroid (n=1) 7.98 8.10 0.99 (0.03-3.65) 
Hodgkin’s lymphoma (n=3) 23.94 2.10 11.54 (2.38-33.72)* 
Kaposi’s sarcoma (n=5) 39.90 0.10 500 (162.35-1166.83)* 
Non-Hodgkin’s lymphoma 
(n=19) 151.65 13.80 10.98 (6.61-16.44)* 
Mesothelioma (n=1) 7.98 0.40 20.00 (0.51-111.43) 
Digestive system (n=3) 23.94 63.90 0.37 (0.08-0.90)* 
Other (n=2) 15.96 15.70 1.02 (0.12-2.83) 
*Indicates statistical significance at p<0.05 

 

Finally, we compared median age at the time of cancer diagnosis between WLWH and 

the general population sample (see Table 3.4). Statistically significant differences in age 

at cancer diagnosis were found between women with female genital cancer (35 years vs 

62 years, p=<0.001) and those with NHL (41 years vs 68, p=<0.001). However, small 
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cell counts did not allow for a robust analysis of age at cancer diagnosis between the 

WLWH and the general population sample.  

Table 3.4 Comparison of median age of cancer diagnosis between a sample of 
WLWH with cancer and the general female population 

  

WLWH with cancer 
diagnosis 
(n=78) 
Median (IQR) 

General female 
population 
Median (IQR) p-value 

Oral cavity and pharynx (n=4) 57(50-64) 66 0.500 
Respiratory system (n=7) 46(46-49) 70 0.063 
Soft tissue (n=1) 46(46-46) 58 n/a 
Breast (n=7) 50(45-54) 61 0.063 
Female genital system (n=25) 35(32-40) 62 <0.001* 
Urinary system (n=2) Missing 71 n/a 
Endocrine system (n=1) Missing 46 n/a 
Hodgkin’s lymphoma (n=3) 30(29-31) 33 0.500 
Non-Hodgkin’s lymphoma (n=19) 41(33-51) 68 <0.001* 
Mesothelioma (n=1) Missing 70 n/a 
Kaposi’s sarcoma (n=5) 30(28-32) 73 0.063 
*Indicates statistical significance at p<0.05 

3.5. Discussion  

Our results demonstrate that WLWH who were diagnosed with cancer were more likely 

to be diagnosed with oral cancer, female genital cancer, Hodgkin’s lymphoma, non-

Hodgkin’s lymphoma (NHL) and Kaposi’s sarcoma (KS) and less likely to be diagnosed 

with breast cancer compared to the general population. Cancer diagnoses occurred at a 

much younger age among WLWH—nearly three decades earlier. This result may 

suggest a more rapid progression of pre-invasive disease, potentially related to 

immunosuppression, and is consistent with previous research (202). Finally, WLWH who 

were diagnosed with cancer tended to have advanced HIV infection prior to the cancer 

diagnosis and poor therapeutic control of their HIV disease compared to WLWH without 

cancer. Our population-based analysis has found a strong association between 

immunosuppression and malignancy and has also identified a number of other important 

factors that may be correlates of cancer diagnosis. This current study is the first in 

Canada to investigate cancer incidence specifically among women using linked 

population-based data. Of note, our study was conducted in a setting with universal 

health care, including fully subsidized access to HIV care, cART, and a comprehensive 
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cancer care program for all of those affected. 

 In previous studies, the link between immunosuppression and malignancy has 

been inconsistent; however, our research suggests that immunosuppression is 

associated with increased cancer risk. WLWH with a cancer diagnosis were more likely 

than WLWH without a cancer diagnosis to experience baseline ADI, to have lower 

baseline CD4 cell count and lower nadir CD4 cell counts, and to have higher peak VL. 

This finding suggests that timely initiation and adherence to cART may have a protective 

effect in this regard (176, 202). We also observed an association with mortality among 

WLWH with cancer in comparison to WLWH without cancer, which again is consistent 

with the literature (59, 203).  

 In our study population, the cancer incidence rate among WLWH was 615 per 

100,000 PY. Our finding of increased cancer risk is corroborated in the literature with 

estimated cancer incidence rates for PLWH that range from 450 to 1,400 cases per 

100,000 PY (21, 76, 86, 156, 177). Our results suggest that although ADM have 

declined over time, it still remains a significant risk for WLWH, especially for those who 

are immune-compromised (46, 204). NADM currently comprise nearly 60% of all 

malignancies among PLWH, with Hodgkin’s lymphoma often found to be the most 

prevalent NADM (31, 47, 59, 60).  Notably, the impact of immunosuppression on the 

development of NADM is relatively unclear, and interestingly, Hodgkin’s lymphoma has 

been suggested to be the only NADM associated with immunosuppression in previous 

literature (61).  

 Many mechanisms have been suggested that could lead to an increase in NADM 

development in PLWH—including a high prevalence of cancer risk factors such as 

smoking, alcohol consumption, drug use, and viral co-infections (62). There may also be 

synergistic effects, such as cancers of the oropharynx have been attributable to both 

smoking and chronic human papillomavirus (HPV) infection. Also, improved survival 

attributed to cART has led to a greater window of opportunity for infections such as HPV, 

which may result in greater incidence of associated cancers such as ICC and anal 

cancers (205, 206). Moreover, NADM are being diagnosed at a younger age than ever 

before, as demonstrated by previous research and corroborated by our research finding 

that female genital cancer is diagnosed earlier among WLWH than among the general 

population (204).    
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Although our analysis was not statistically significant, it is worth noting that 

WLWH in our sample were less likely to develop breast cancer than observed in the 

general population sample. The link between breast cancer and HIV has remained 

relatively unclear with research suggesting there is either similar or slightly lower rates of 

breast cancer among WLWH in comparison to HIV-negative individuals (113, 180, 196, 

207, 208). However, WLWH with breast cancer may present for treatment at a later 

stage when their disease is more advanced (180, 196, 207, 208), although the current 

literature is conflicting (209). While the lower risk of breast cancer in WLWH, as 

suggested by our study, is likely multi-factorial, there is evidence to suggest that 

immunosuppression may have a protective effect on the development of breast tumors 

(210). Chronically immunosuppressed women who were recipients of either a kidney or 

heart transplant were observed to have lower rates of breast cancer, providing further 

evidence to support the theory that reduced breast cancer incidence can be attributed to 

immunosuppression (211).  Research suggests that this decreased risk of breast cancer 

may also be attributed to under-screening of marginalized populations (196). However, 

since we looked at all cancer case types, our study suggests the reduced risk of breast 

cancer is not an artifact of delayed engagement in care. Future research should 

investigate this finding further.  

Several limitations are noteworthy regarding our study. We lack information on 

HIV seroconversion and HIV diagnosis dates for WLWH and, therefore, we cannot 

evaluate the role of duration of HIV infection in cancer incidence. We do not have access 

to clinical records; therefore, we inferred date of entry into care based on the first of any 

one of plasma viral load, CD4 cell count, or cART prescription.  It is possible that this 

underestimates date of entry into care; however, based on current management 

guidelines (132) we feel that this is a good surrogate for entry into appropriate HIV care. 

Also, as our sample of WLWH with cancer was relatively small, it may have limited 

power to determine the true frequency of specific cancers, particularly less prevalent 

types, compared to the large comparison sample of people without HIV. While this large 

general population comparison was a strength of our study, there were many variables 

missing from the control group and we were thus unable to compare across important 

demographic variables. We had no access to cancer screening practices within our 

cohort; thus, we could not evaluate the possible impact of diagnostic biases on our 

results. Moreover, though staging data was included in the data linkage, it was not done 
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comprehensively until the year 2010 and we subsequently had over 90% of our cases 

with missing cancer stage at diagnosis. Finally, lack of data regarding smoking history, 

sexual behaviour, and HPV infection limited our ability to evaluate the role of known 

cancer risk factors and provide valid estimates for both populations.  

A number of strengths of our study should be noted. The two registries utilized 

for this study are population-based, and as such they provide a unique opportunity for 

characterization of cancer incidence at the population level. Centralized, linked data 

collection allowed for comprehensive documentation of cancer incidence over time. 

Further, our study was conducted in a setting with universal healthcare access where 

cART and related care are fully subsidized, thereby removing the potential confounding 

effects of financial barriers to care. 

3.6. Summary  

Our study demonstrates the potential benefits of early treatment initiation and adherence 

to cART, as there is a significant association between immunosuppression and cancer 

diagnosis among WLWH. Further research is needed to demonstrate what proportion of 

ADM and NADM can be directly attributed to immunosuppression. Given the high risk for 

NADM among WLWH, particularly for younger women, we recommend greater 

emphasis be placed on implementing existing cancer screening guidelines. 
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Chapter 4.  
 
Timing of cART initiation influences cancer risk 
among women living with HIV 

4.1. Abstract 

Since the advent of modern combination antiretroviral therapy (cART), the rate of AIDS-

defining malignancies (ADM) in people living with HIV (PLWH) has declined, largely 

attributed to improved immune function after initiation of therapy. However, these cancer 

incidence rates are often not sex-stratified and may obscure changes in cancer risk 

specific to women living with HIV (WLWH), with respect to particular ADM such as 

invasive cervical cancer (ICC) and non-AIDS-defining malignancies (NADM). Moreover, 

the impact of timing of cART has recently been suggested to be an additionally important 

predictor of cancer risk, rather than just crude measures of cART uptake overall.  

As such, in this analysis we assessed the impact of timing of cART initiation 

(characterized by CD4 cell count at cART initiation) on the incidence of all-type cancer, 

ADM, and NADM among WLWH. The Comparative Outcomes and Service Utilization 

Trends (COAST) study is a cohort developed from two data sources: 1) a retrospective, 

administrative health database from Population Data BC; and 2) longitudinal clinical HIV 

data from the BC Centre for Excellence in HIV/AIDS (BC-CfE). The COAST study 

includes PLWH, both on and off cART, in British Columbia (BC), Canada between 

January 1996 and March 2013. Our analytic study sample was restricted to women with 

an HIV diagnosis, accessing cART, who had at least one incident cancer case that 

occurred after HIV diagnosis. We conducted a Poisson regression to determine 

correlates of all-type cancer, ADM, and NADM diagnoses and calculated the cancer 

incidence rate (per 1,000 person-years [PYs]) by CD4 cell count at cART initiation (≤200, 

201-349, and ≥350 cells/mm3). We also calculated the attributable fraction of risk 

associated with CD4 cell count at cART initiation adjusting for age and other important 

clinical and demographic confounders.  

Among 1,660 WLWH, 58 were diagnosed with at least one cancer after HIV 

diagnosis (primary cancer diagnoses included 31 ADM and 27 NADM). In the univariate 
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model, there was a clear dose-response relationship between delayed initiation of cART 

(defined as CD4 cell count at initiation of ≤200 cells/mm3 and 201-349 cells/mm3) and all-

type cancer risk, compared to those PLWH who initiated at ≥350 cells/mm3. The 

adjusted models (controlling for age, and cART era) demonstrated that late initiation of 

cART (≤200 cells/mm3) holds an increased risk of all-type cancer compared to those 

initiating therapy with CD4 cell count ≥350 cells/mm3 (Rate Ratio: 2.6, 95 %CI: 1.36, 

4.99). This was also demonstrated for late initiation (≤200 cells/mm3) and risk of NADM, 

compared to those initiating therapy with CD4 cell count ≥350 cells/mm3  (Rate Ratio: 

3.31, 95 %CI: 1.12, 9.75). There was no effect of timing of cART initiation on ADM 

incidence for those initiating at CD4 cell counts of 201-349 cells/mm3 and ≥350 

cells/mm3 compared those with cART initiation at CD4 of ≤200 cells/mm3. The 

attributable fraction of risk for all-type cancer incidence was 61.6% and for NADM was 

69.8% for those with CD4 cell counts of ≤200 cells/mm3 at cART initiation. In conclusion, 

delayed initiation of cART was associated with an increased risk of all-type cancer and 

NADM among WLWH; however, no association was observed relative to the incidence 

of ADM. In the context of an aging population of WLWH, this study suggests there are 

significant oncological health benefits of early treatment initiation for women. 

4.2. Background  

The advent of combination antiretroviral therapy (cART) in the year 1996 and 

subsequent adaptation of HIV treatment guidelines has been widely credited as being 

the turning point in the trajectory of HIV-related care (212-215). Uptake and optimal 

adherence to cART has since been demonstrated to reduce HIV-related morbidity and 

mortality among people living with HIV (PLWH) (2, 5, 131, 216-218). The life expectancy 

of PLWH who achieve sustained virological suppression on cART now approaches that 

of the general population (6). With increased therapeutic success of modern HIV 

treatment, there have been significant changes in morbidity and mortality trends among 

PLWH as they age (4, 9, 17, 68, 216, 219). While greater uptake of cART at the 

population level has led, in part, to a subsequent decrease in the incidence of AIDS-

related conditions (218), including certain cancers known as AIDS-defining malignancies 

(ADM)—particularly Kaposi’s sarcoma (KS) and non-Hodgkin’s lymphoma (NHL)—there 

is evidence showing increased incidence of non-AIDS-related conditions, including non-

AIDS-defining malignancies (NADM), in the post-cART era (after the year 1996) (17).  
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Cancer is one of the leading causes of morbidity and mortality in many settings 

among PLWH in the modern cART era (67, 99, 150, 220-222). Cancer incidence is 

notably higher among PLWH than in the general population (22). While the relationship 

between HIV and cancer is complex to document, it is well established that in this 

population increasing age, engagement with known cancer-risk behaviours, and chronic 

immune suppression elevate the risk of developing some types of cancer (150, 160, 175, 

187, 223-226). Uptake of cART, as a mechanism to mitigate chronic immune 

suppression in PLWH, has been shown to attenuate some risk of ADM morbidity (44); 

however, the impact of modern cART on NADM in particular has been less clear (160, 

223). 

Trends in NADM and invasive cervical cancer (ICC) incidence may not be 

mitigated as markedly by the advent of modern cART, in comparison to observed trends 

in KS and NHL incidence (44, 227). Temporal trends that demonstrated a decline in NHL 

and KS rates relative to the advent of modern cART in 1996 did not observe declining 

rates of other cancers, including ICC and some lymphomas, in the same time period 

(161, 219, 227). ICC, which is categorized as an ADM (144) and caused by the 

presence of high-risk strains of human papilloma virus (HPV), is seen at a sustained 

higher incidence among women living with HIV (WLWH) since the beginning of the HIV 

epidemic, and there appears to be limited therapeutic benefit of cART towards 

decreasing its incidence (88, 226).  

While crude measures of cART uptake (PLWH on therapy vs. not on therapy) 

have shown varying effects on overall cancer risk, recent findings have suggested that 

timing of cART initiation (as estimated by CD4 cell count at cART initiation) may be a 

stronger predictor of cancer risk in the modern cART era (100, 228, 229). There is much 

noted about the impact of early initiation of cART on AIDS-related mortality and 

morbidity (14, 230), but less so on aging-related health outcomes that are more likely to 

afflict aging PLWH. Research has reported on the impact of early and sustained cART 

and HIV care on the incidence of ADM and NADM (174); however, to some extent, this 

has yet to be framed as a critical component of the justification for early initiation of 

cART. Promisingly, current international therapeutic guidelines recommend immediate 

cART initiation after HIV diagnosis regardless of CD4 cell count in all patients (133) after 

overwhelming evidence demonstrating the hazardous impact of late initiation of cART (at 

lower CD4 cell counts) (35, 231-233). However, an estimated 10-30% of PLWH are still 
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initiating cART late (234). Thus, an assessment of whether cART uptake reduces 

susceptibility to ADM and NADM by mitigating chronic immune suppression must 

consider timing of cART initiation and the consequences of delayed initiation on immune 

response. 

Despite global increases in access to cART, ICC and NADM continue to 

contribute excess morbidity and mortality among WLWH (88). The majority of analyses 

investigating cART initiation and cancer risk among PLWH are not sex-stratified and 

may obscure changes in cancer risk specific to WLWH in the modern cART era. 

Conducting sex-specific analyses is key to addressing not only sex disparities in health 

outcomes but also to adequately assessing the real risk of sex-specific cancers (such as 

ICC) in a nuanced way. Understanding the degree to which cART uptake may or may 

not mitigate certain cancer risk specific to women is central to this analysis.  

Thus, for this analysis, we assessed the impact of time of cART initiation 

(characterized as CD4 cell count at cART initiation) on all-type cancer, ADM, and NADM 

incidence among a cohort of health-care engaged WLWH in British Columbia (BC), 

Canada. We also estimated the amount of excess cancer incidence attributed to delayed 

initiation of cART in this population. 

4.3. Methods 

4.3.1. Study population  

The Comparative Outcomes and Service Utilization Trends (COAST) study is a 

population-level retrospective cohort study of PLWH both on and off cART and includes 

a 10% random comparison sample from the general population. For the purposes of this 

analysis, we restricted the analysis to individuals living with HIV since the main 

explanatory variable was CD4 cell count at cART initiation; therefore, the random 

sample was not needed. The COAST cohort was collated when confidential data 

linkages were performed between two provincial databases—the Drug Treatment 

Program (DTP) database from the BC Centre for Excellence in HIV/AIDS (BC-CfE) and 

Population Data BC. The BC-CfE’s DTP (135) centrally manages and distributes cART 

in BC, which is provided free of charge to individuals residing in the province, and 

contains longitudinal data on patient demographics, cART uptake, immunologic and 
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virologic outcomes, and other clinical variables for all PLWH accessing cART in BC from 

the year 1996 onward. Population Data BC is a provincial resource that houses 

administrative health data collected by public bodies such as Vital Statistics (235), and 

BC Cancer Agency (BCCA) (236) and contains comprehensive individual-level 

longitudinal data for all 4.6 million BC residents.  

The COAST study is composed of three cohorts (as described in Figure 1.1). 

The first two cohorts are inclusive of 12,730 PLWH in BC, aged 19 years and older 

between April 1st, 1996 and March 31st, 2013, where the differentiating characteristic 

between the two cohorts is whether or not participants have ever accessed any 

antiretroviral therapy. The first cohort includes 8,620 PLWH receiving HIV treatment 

(cART), and the second includes 4,110 PLWH who are treatment naïve. Thus, these two 

cohorts (n=8,620 cART experienced; n=4,110 cart-naïve) are inclusive of all confirmed 

PLWH identified through the BC-CfE, and also through a validated HIV case-finding 

algorithm used within Population Data BC (136). This case-finding algorithm allowed us 

to identify people if they had a record of at least one detectable HIV plasma viral load 

(pVL) and/or had initiated cART (including individuals contained in the DTP registry). In a 

second step, using International Classification of Disease (ICD) version 9 and 10 codes, 

we identified individuals with either one or more record of having received care for an 

HIV- or AIDS-related medical condition or death confirmed through a review of 

supplementary administrative datasets; these individuals also had to fulfill the criteria of 

at least one inpatient and/or at least three outpatient ICD-9/10 codes associated with 

HIV or AIDS. The third cohort is a 10% random comparison sample from the general 

population generated from Population Data BC. This cohort represents a non-age-

matched random sample of the total BC population who were aged 19 years or older 

between April 1st, 1996 and March 31st, 2013 and are assumed to be HIV-negative. As 

stated above, this cohort was not needed for the analysis. 

4.3.2. Inclusion and exclusion criteria 

This analysis was restricted to all individuals living with HIV of biological female sex in 

the COAST study who had accessed cART, since the main explanatory variable was 

CD4 cell count at cART initiation. We excluded 80 cases of CIN 2/3 (cervical dysplasia), 

as these are not universally classified as malignancies. We also excluded six cases of 

cancer that were diagnosed prior to entry into HIV care.  
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4.3.3. Outcome variable 

The primary outcome variable was a cancer diagnosis. Incident events of cancer 

diagnosis were derived from ICD-O codes and only included first primary cancer site 

diagnosis after HIV diagnosis (thus, excluding multiple cancer diagnoses over the life 

course). Cancer types were categorized as ADM if the cancer type was NHL, KS, or ICC 

while all other cancer types were categorized as NADM. We also categorized by system 

type (bone/tissue, digestive, genito-urinary, lymphatic, respiratory, and other) and then 

specifically by primary cancer site if the sample size was large enough.  

4.3.4. Primary explanatory variable 

The primary explanatory variable was baseline CD4 cell count, defined as the closest 

assessment of CD4 cell count prior to initiation of cART. CD4 cell count was categorized 

as ≤200, 201-349, or ≥350 cells/mm3. These categories were defined by previously 

established gradients of CD4 cell count for initiation of cART by the International AIDS 

Society clinical care guidelines (132, 213, 215, 237) and would likely be reflective of the 

timing of cART initiation in our study.  

4.3.5. Covariates 

Other variables chosen for this analysis included certain demographic variables such as: 

age at entry into HIV care; Indigenous ethnicity (yes vs. no vs. unkown, as identified 

through DTP); and sexual orientation (straight vs. not-straight vs. unknown). We also 

included certain health considerations such as: history of injection drug use (IDU) (yes 

vs. no); hepatitis C (HCV) status (positive vs. negative); and whether an AIDS-defining 

illness (ADI) was diagnosed at entry into HIV care. Beyond the explanatory variable of 

interest (CD4 cell count at cART initiation), other clinical HIV variables were included 

such as: nadir CD4 cell count; whether viral suppression (<50 copies/ml) was achieved 

within 12 months of entry into care (yes vs. no); when they initiated cART; if a treatment 

interruption of greater than three months was experienced; and peak viral load (log10 

copies/ml).  



54 

4.3.6. Statistical methods 

We provide counts and frequencies for certain demographic and clinical variables for the 

sample of 1,660 WLWH who met the inclusion criteria set and were included in our 

analysis. Bivariate comparisons of WLWH with and without a cancer diagnosis were 

completed using chi-squared tests for categorical and  Kruskal-Wallis Test for 

continuous variables. We also conducted a sub-analysis comparing characteristics of 

WLWH who initiated cART at CD4 cell counts of (≤200, 201-349, and ≥350 cells/mm3. 

We calculated the cancer incidence rate (per 1,000 person-years [PYs]) by CD4 cell 

count at cART initiation (≤200, 201-349, and ≥350 cells/mm3) overall and for ADM and 

NADM. The unadjusted and adjusted relationships between the main exposure CD4 cell 

count at cART initiation, as well as other risk predictor, and cancer incidence rate were 

accessed by generalized estimating equation (GEE) models with Poisson distribution. 

The attributable fraction of risk associated with CD4 cell count at cART initiation was 

also estimated by calculating the difference of cancer incidence rates between the 

exposed population (those with CD4 cell count ≤200 cells/m3) to those who initiated 

therapy at higher CD4 cell counts. Follow-up time started either at enrollment into the 

COAST dataset (via DTP) or April 1, 1996, if HIV care was initiated prior to that date. 

Participants were censored either at time of first cancer diagnosis following initiation of 

cART, at death, or at March 31, 2013. All analyses were conducted using SAS version 

9.4 (SAS, Cary, North Carolina, United States) with a level of statistical significance set 

at 0.05.  

4.4. Results 

4.4.1. Sample characteristics 

In our study, 1,659 WLWH in the COAST dataset were eligible for this analysis (see 

Table 4.1). Among these WLWH, 436 (26.2%) were of Indigenous ancestry, 1025 

(62.7%) had a history of IDU, 546 (32.9%) identified as either lesbian, bisexual or other, 

and 908 (54.7%) were co-infected with HCV. Of WLWH in our sample, the majority 

(65.9%) had initiated cART between 2001-2013, 179 (10.8%) had an ADI at entry into 

HIV care, and 1003 (60.5%) achieved viral load suppression within the first year after 

entry into HIV care.  
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Table 4.1 Description of the sample of WLWH included in the study (n=1,659) 

Variable n (%) 
Age, at HIV diagnosis 
Median (Q1, Q3) 

 
34 (27, 41) 

Indigenous ethnicity 
No 
Yes 
Unknown 

 
514 (30.9%) 
436 (26.3%) 
709 (42.7%) 

Sexual orientation 
Straight 
Lesbian/bisexual/other 
Unknown 

 
633 (38.1%) 
546 (32.9%) 
480 (29.0%) 

Injection drug use, ever 
No 
Yes 

 
634 (38.2%) 
1025 (61.7%) 

HCV-positive status  
No 
Yes 

 
751 (45.3%) 
908 (54.7%) 

CD4 cell count at baseline (cells/mm3) 
≤ 200 
201-349 
≥ 350 

 
670 (40.4%) 
449 (27.0%) 
540 (32.5%) 

AIDS defining illness at entry into HIV care 
No 
Yes 

 
1480 (89.2%) 
179 (10.8%) 

Year of cART initiation 
<1996 
1996-2000 
≥ 2001 

 
127 (7.7%) 
438 (26.4%) 
1094 (65.9%) 

Achieved viral suppression within 12 months of care 
No 
Yes 

 
656 (39.5%) 
1003 (60.5%) 

 

4.4.2. Bivariate comparison of WLWH with and without cancer 
diagnosis 

Among the 1659 WLWH in our analysis, 58 WLWH had at least one incident cancer 

case diagnosed following their entry into HIV care between 1996 and 2013 (see Table 

4.2).  Of these 58 women, the median age at entry into HIV care was 37years (IQR: 29, 

45); 16 (28%) were of Indigenous ancestry; 38 (66%) had a history of IDU; 40 (69%) had 

a hepatitis C (HCV) diagnosis. Compared to the 1,601 WLWH without a cancer 

diagnosis after HIV diagnosis, WLWH with cancer (n=58) were more likely to have 

initiated cART with CD4 cell count of ≤200 cells/mm3 (62% vs. 40%, p=0.0033), be 

diagnosed with HCV (69.0% vs. 54.2%, p=0.0311), have had an AIDS-defining illness 
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(ADI) at baseline (24.1% vs. 10.3%, p=0.0036) and had a nadir CD4 cell count of ≤200 

cells/mm3 (95% vs. 67%, p<0.0001). WLWH with and without cancer did not vary on 

certain key variables such as history of IDU, sexual orientation, Indigenous ancestry or 

viral suppression outcomes.  

Table 4.2 Bivariate comparison of WLWH with and without cancer diagnosis  

Variable  WLWH without cancer 
diagnosis (n=1,601) 
 
n(%) or median (IQR) 

WLWH with cancer 
diagnosis (n=58) 
 
n(%) or median (IQR) 

p-value 

Age  34 (27, 41) 34 (36,43) 0.5074 
Indigenous ethnicity 
No 
Yes 
Unknown 

 
488 (30.5%) 
420 (26.4%) 
693 (43.3%) 

 
25 (50.0%) 
12 (24.0%) 
13 (26.0%) 

 
0.1289 

Injection drug use, ever 
No 
Yes 

 
 
614 (38.4%) 
987 (61.6%) 

 
 
17 (34.0%) 
33 (66.0%) 

 
0.5586 

HCV-positive status 
No 
Yes 

 
733 (45.8%) 
868 (54.2%) 

 
16 (32.0%) 
34 (68.0%) 

 
0.0610 

CD4 cell count at baseline 
(cells/mm3) 
≤ 200 cells/mm3 
201-349 cells/mm3 
≥ 350 cells/mm3 

 
 
634 (39.6%) 
438 (27.4%) 
529 (33.0%) 

 
 
32 (64.0%) 
9 (18.0%) 
9 (18.0%) 

 
 
0.0034 

AIDS-defining illness at entry 
into HIV care 
No 
Yes 

 
 
1436 (89.7%) 
165 (10.3%) 

 
 
44 (75.9%) 
14 (24.1%) 

 
 
0.0017 

Year of cART initiation 
<1996 
1996-2000 
>2000 

 
122 (7.6%) 
4217(26.1%) 
1062 (66.3%) 

 
5 (10.0%) 
17 (34.0%) 
28 (56.0%) 

 
0.2759 

 

 Among these 58 WLWH with incident cancer, 31 of the diagnoses were ADM and 

27 were NADM. The 31 incident cases of ADM included 20 diagnoses of NHL, 8 

diagnoses of ICC, and 3 diagnoses of KS (see Figure 4.1). The 19 NADM included 10 

primary diagnoses of lung cancer, 8 cases of breast cancer, 4 cases of Hodgkin’s 

lymphoma, 2 of vaginal cancer, and 1 each of colorectal, endocrine, and anal cancers. 

The overall unadjusted incidence of all-type cancer diagnosis was 4.04 cancer cases per 

1,000 PY (95% CI: 3.12, 5.22).  
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Figure 4.1 Prevalence of cancer cases among WLWH who had initiated cART 

between 1996 and 2013 in BC (n=58) 

4.4.3. Immune suppression at cART initiation among WLWH 

Of the 1,659 women in our analysis, 671 (40.4%) initiated cART when their CD4 cell 

count was ≤200 cells/mm3, 449 (20.1%) initiated at CD4 cell counts of 201-349 

cells/mm3, and 540 (32.5%) initiated with a CD4 cell count of ≥350 cells/mm3 (see Table 

4.3). While predictors of delayed cART initiation was not a main objective of this study, it 

appeared vital to at least examine characteristics of late initiation, in the context of how it 

may related to life long cancer risk and illuminating the populations potentially most 

vulnerable. In this analysis, delayed cART initiation (at ≤200 cells/mm3) appeared more 

likely among older individuals at entry into HIV care (35 vs. 34 vs. 32, p<0.0001), those 

of Indigenous ancestry (42.2% vs. 31.4% or 26.3%, p=0.034), WLWH who were HCV 

positive (43.6% vs. 26.3% or 30.1%, p=0.010), and those who entered HIV care in the 

year 2001 or later (44.3% vs. 27.5% or 28.2%, p<0.0001). From this sub-analysis 

analysis, it is evident that there are clear social disparities in late initiation of cART with 

Indigenous women, women co-infected with HCV and older women over-representing 

the women who are initiating cART late.  
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Table 4.3 Sub-analysis comparing characteristics of (n=1,659) WLWH by CD4 
cell count at cART initiation. 

Variable CD4 Cell count ≤ 200 
cells/mm3 
n=670 
 
n(%) or median (IQR) 

CD4 Cell count 201-
349 cells/mm3 
n=449  
 
n(%) or median (IQR) 

CD4 Cell count ≥ 350 
cells/ mm3 
n=540 
 
n(%) or median (IQR) 

p-value 

Age at HIV 
diagnosis 
 

35 (29, 42) 34 (27,41) 32 (26,38) <0.001 

Indigenous 
ancestry 
No 
Yes 
Unknown 

 
 
204 (39.7%) 
184 (42.2%) 
282 (39.8%) 

 
 
136 (26.5%) 
137 (31.6%) 
176 (24.8%) 

 
 
174 (33.9%) 
115 (26.3%) 
251 (35.4%) 

 
 
0.0336 

History of injection 
drug use 
No 
Yes 

 
 
 
236 (37.2%) 
434 (42.3%) 

 
 
 
182 (28.7%) 
267 (26.1%) 

 
 
 
216 (34.0%) 
324 (31.6%) 

 
 
 
0.1268 

HCV-positive 
status 
No 
Yes 

 
 
274 (36.6%) 
396 (43.6%) 

 
 
210 (27.9%) 
239 (26.3%) 

 
 
267 (35.5%) 
273 (30.1%) 

 
 
0.0102 

cART era 
≤ 1995 
1996-2000 
≥ 2001 

 
35 (27.6%) 
150 (34.3%) 
485 (44.3%) 

 
45 (35.4%) 
103 (23.5%) 
301 (27.5%) 

 
47 (37.0%) 
185 (42.1%) 
308 (28.2%) 

 
<0.001 

 

4.4.4. Cancer incidence by CD4 cell count at cART initiation  

The adjusted incidence rate per 1,000 PY for all-type cancer, ADM, and NADM was 

calculated at various gradients of CD4 cell count at the time of cART initiation (see 

Table 4.4). There was a clear inverse dose-response relationship between lower CD4 

cell count at cART initiation and higher all-type cancer risk at both the 201-349 and ≤200 

cells/mm3 groupings. For all-type cancer incidence, the adjusted incidence rate was 6.33 

per 1,000 PY (95% CI: 4.11, 9.77) among those initiating cART at CD4 cell count of 

≤200 cells/mm3, 2.71 per 1,000 PY (95% CI: 1.48, 4.98) for those initiating cART with 

CD4 cell count of 201-349 cells/mm3, and lastly, 2.43 per 1,000 PY for those initiating 

cART with CD4 cell count of ≥350 cells/mm3. The rate ratio (RR) was 2.60 (95% CI: 

1.36, 4.99) for CD4 cell count ≤200 cells/mm3. The attributable fraction of risk, 

suggesting excess risk attributed to delayed cART initiation with CD4 cell count ≤200 
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cells/mm3, was 61.57% (p=0.0068) and 10.20% for those initiating at 201-349 cells/mm3 

compared to initiation at ≥350 cells/mm3.  

The ADM specific incidence rate was higher among those initiating cART with 

CD4 cell count of ≤200 cells/mm3   (3.38 per 1,000 PY, 95% CI: 1.98, 5.76) compared to 

those initiating with CD4 cell counts of 201-349 cells/mm3 (2.14 per 1,000 PY, 95% CI: 

1.07, 4.29) and ≥350 cells/mm3 (1.59 per 1,000 PY, 95%CI: 0.73, 3.34), however the RR 

calculations and attributably fraction of risk calculations were not significant.  

The age-adjusted incidence rate for NADM for those initiating cART at CD4 cell 

count of ≤200 cells/mm3 was 2.92 per 1,000 PY (95% CI: 1.81, 4.70) and was 

significantly lower at CD4 cell counts of both 201-349 cells/mm3 (0.66 per 1,000 PY 

(95% CI: 0.21, 2.03) and ≥350 cells/mm3 (0.88 per 1,000 PY, 95% CI: 0.33, 2.35). The 

NADM RR was 3.31 (95% CI: 1.12, 9.75) for CD4 cell count ≤200 cells/mm3 but were not 

significant at gradient of CD4 cell counts of 201-349 cells/mm3. The attributable fraction 

of risk for NADM with CD4 cell count of ≤200 cells/mm3 at cART initiation was 69.79% 

(p=0.236). There was no statistical significance of cancer incidence (overall nor by ADM 

or NADM) by cART era.  
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Table 4.4 Incidence rate by CD4 cell count at cART initiation for all-type 
cancer, ADM and NADM among WLWH (n=58) 

Cancer type Incidence Rate  
(95% CI) 

Rate Ratio 
(95% CI) 

Attributable Fraction of Risk (%) 

All-type cancer1 
≤200 cells/mm3 
201-349 cells/mm3 
≥350 cells/mm3 

 
6.33 (4.11, 7.91) 
2.71 (1.48, 4.98) 
2.43 (1.28, 4.62) 

 
2.60 (1.36, 4.99) 
1.11 (0.49, 2.54) 
- 

 
61.57%* 
10.20% 
- 

ADM2 
≤200 cells/mm3 
201-349 cells/mm3 
≥350 cells/mm3 

 

 

 
3.38 (1.98, 5.76) 
2.14 (1.07, 4.29) 
1.59 (0.73, 3.47) 

 
2.12 (0.93, 4.87) 
1.35 (0.49, 3.67) 
- 

 
52.93 
25.81 
- 

NADM1 
≤200 cells/mm3 
201-349 cells/mm3 
≥350 cells/mm3 

 
2.92 (1.81, 4.70) 
0.66 (0.21, 2.03) 
0.88 (0.33, 2.35) 

 
3.31 (1.12, 9.75) 
0.74 (0.17, 3.30) 
- 

 
69.79* 
-34.61 
- 
 
 

1Adjusted by age at HIV diagnosis; 2Unadjusted; * significant at p<0.05 

4.4.5. Predictors of cancer risk among women living with HIV 

To identify factors associated with increased risk of cancer, we fit a GEE model with 

Poisson distribution for relative risk of all-type, ADM, and NADM cancer risk by key 

variables (see Table 4.5). This unadjusted model suggests that there is an increased 

risk of all-type cancer as age increases (1.50 per 10 year increase in age, 95% CI: 1.15, 

1.96) and delayed initiation of cART (RR: 2.77, 95% CI: 1.41, 5.43 for CD4 cell count of 

≤200 cells/mm3). There was an increase in relative risk of NADM as well for increasing 

age (1.98 per 10 year increase in age, 95% CI: 1.54, 2.54) and delayed initiation of 

cART (RR: 4.23, 95% CI: 1.45, 12.34 for CD4 cell count of ≤200 cells/mm3. There were 

no significant variables that emerged for ADM relative risk, including clinical factors and 

other demographic factors.  
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Table 4.5 Poisson regression modeling crude relative risk of all-type cancer, 
ADM and NADM among WLWH (n=58)  

Variable  All-type cancer  
Unadjusted Relative 
Risk (95%CI) 

ADM 
Unadjusted Relative 
Risk (95%CI) 

NADM 
Unadjusted Relative 
Risk (95%CI) 

Age, per 10 year increase  
1.50 (1.15, 1.96) 

 
1.11 (0.67, 1.84) 

 
1.98 (1.54, 2.54) 

Injection drug use, ever 
No 
Yes 

 
1.00 
1.03 (0.60, 1.78) 

 
1.00 
0.86 (0.42,1.78) 

 
1.00 
1.30 (0.57. 2.96) 

HCV-positive status 
No 
Yes 

 
1.00 
1.454 (0.88, 2.69) 

 
1.00 
1.26 (0.60, 2.63) 

 
1.00 
1.98 (0.84, 4.68) 

CD4 cell count at baseline 
(cells/mm3) 
≤ 200 cells/mm3 
201-349 cells/mm3 
≥ 350 cells/mm3 

 
 
2.77 (1.41, 5.43) 
1.13 (0.49, 2.60) 
1.00 

 
 
1.93 (0.80, 4.70) 
1.30 (0.47, 3.56) 
1.00 

 
 
4.23 (1.45, 12.34) 
0.85 (0.19, 3.79) 
1.00 

AIDS-defining illness at entry 
into HIV care 
No 
Yes 

 
 
1.00 
2.60 (1.42, 4.75) 

 
 
1.00 
3.34 (1.53, 7.29) 

 
 
1.00 
1.85 (0.70, 4.88) 

Year of cART initiation 
<1996 
1996-2000 
>2000 

 
1.00 
1.25 (0.47, 3.30 
1.09 (0.43, 2.77) 

 
1.00 
0.82 (0.26, 2.57) 
0.68 (0.23, 2.03) 

 
1.00 
2.97 (0.38, 22.95) 
2.72 (0.36, 20.23) 

 

4.5. Discussion 

While ADM incidence may be declining in response to modern cART over time, we have 

previously demonstrated (in Chapter 3) that the incidence of all-type cancer, ADM, and 

NADM remains elevated among WLWH compared to the general population of women. 

While previous research convincingly demonstrates a causal dose-response relationship 

with increased CD4 cell count at cART uptake and reduction of overall cancer risk 

among PLWH over time (238, 239), this study presents new evidence looking at this 

association and the impact on cancer risk among WLWH in particular. This study 

demonstrates that late initiation of cART (characterized by CD4 cell count of 200 

cells/mm3 or lower) is associated with an increased risk of all-type cancer and NADM 

among WLWH. However, no significant association was observed for risk of ADM at 

various CD4 cell count levels at cART initiation. The attributable risk analysis also 

suggests that observed excess risk of all-type cancer and NADM incidence among 
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WLWH in our sample may be largely attributed to the delayed initiation of cART in this 

setting. This study adds to the growing body of literature suggesting that timely uptake of 

cART before chronic immune suppression occurs may have important oncological health 

benefits in the modern treatment era (42, 100, 228, 229, 239).  

 While it must be noted that grouping all NADM together in this analysis may 

overgeneralize the etiology of various cancer types, which are inherently complex and 

varying, our data aligns with recent research suggesting there may be a potential 

negative impact of lower CD4 cell count at date of cART initiation on cancer risk for all-

type cancers and NADM in particular (100, 228, 229). Contrasting literature has found 

that, rather than CD4 cell count at cART initiation, duration of time experiencing immune 

suppression (lower CD4 cell count) was an indicator for cancer risk (41). However, none 

of the studies thus far have looked explicitly at WLWH, who experience a varied 

landscape of cancers, including ADM and NADM, compared to men living with HIV 

(MLWH). 

Our study provides evidence suggesting there is a protective effect of early cART 

initiation on cancer risk overall and for NADM for WLWH. The mechanism of protection, 

while complex, may be related to reduced chronic inflammation and improved and 

sustained immune function by way of earlier cART uptake after diagnosis (229). The 

impact of accelerated aging caused by chronic immune suppression has been previously 

documented (14, 233). Some previous research also suggests that there may be an 

association between CD4 cell count and mortality rates due to NADM in particular (240). 

As such, we will aim to investigate the impact of cART uptake and various other clinical 

indicators on mortality outcomes after cancer diagnosis among MLWH and WLWH 

within Chapter 5.  

Previous research has found cART uptake to be protective against virus-related 

malignancies (224) and, more specifically, cART uptake at higher CD4 cell counts may 

be protective against ADM and certain virus-related NADM (43, 238). We were 

insufficiently powered to look at specific virus- and non-virus-related NADM and the 

impact of CD4 cell count at cART initiation. However, counter to our hypotheses, we did 

not find that earlier initiation of cART by WLWH (as measured by CD4 cell count of ≥350 

cells/mm3) was protective against ADM cancer risk. This may be explained by several 

factors including the large proportion of ICC in our grouping of ADM, which may not be 
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greatly influenced by uptake of cART (44, 161, 238). It should be noted that our study 

also took place in a setting where cART is provided free-of-charge and the WLWH 

included in our study have at least some engagement with the health care system. Thus, 

we may have observed a stronger protective effect of cART (at any CD4 cell count) on 

ADM risk if we also included WLWH not on any therapy. This may suggest that ADM 

generally are impacted by any uptake of cART regardless of gradients of CD4 cell count 

at initiation of cART (28). 

Finally, when suggesting the potential for early cART initiation to have important 

oncological health benefits for WLWH, it must be noted that disparities exist in how and 

when WLWH are able to access cART. In our study, we did find that when comparing 

WLWH by CD4 cell count at cART initiation, older women, WLWH who were HCV-

positive and women of Indigenous ancestry were disproportionately more likely to initiate 

cART late (CD4 cell count of ≤200 cells/mm3). These results contribute to evidence 

highlighting important social disparities in timely cART uptake (241, 242) and indicate a 

need for specific interventions, even in a setting of universally-provided cART. Late 

initiation of cART has been shown to be more common in WLWH compared to MLWH in 

the Canadian setting (243) even in younger cohorts(244), which, according to our study, 

may contribute to troubling outcomes related to all-type cancer and NADM  incidence. 

Finally, while we are unable in the COAST study to determine whether late cART 

initiation is attributed to late HIV diagnosis or late engagement in care, future 

interventions aimed at WLWH not yet engaged in care should further consider out how 

delayed cART uptake may have specific oncological health consequences. 

Our study results should be interpreted with caution. Considering our sample of 

over 1,559 WLWH, cancer was a relatively rare event—thus limiting our ability to do 

specific sub-analyses because of small cell sizes. As with previous analyses, we were 

unable to power sub-analyses to look at specific cancer types and their response to 

various gradients of CD4 cell count at cART initiation. As such, there is notable 

heterogeneity between cancers in the ADM and NADM groupings. Moreover, our sample 

only included WLWH accessing cART already and as such, we were unable to measure 

and estimate the effects of cART uptake more generally, compared to those not 

accessing cART, including era-specific analyses. In addition to this, our analysis utilizes 

data from linkages with administrative databases including cancer registries. Notably, 

administrative data have been previously reported to be particularly vulnerable to 
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inaccurate or incomplete coding, especially when collected over various time periods 

where reporting strategies have changed (such as ICD 9 to ICD 10 code changes). In 

particular, it is important to note that possible misclassification bias may exist in the use 

of administrative health data where the purpose of data collection was not for 

epidemiological studies (245). Moreover, for this study misclassification of primary site 

cancer may be possible since histology data was not available. 

 

4.6. Summary  

While previous studies have suggested cART uptake and cumulative exposure to low 

CD4 cell counts (41) may be predictors for certain cancer risk, our study suggests that 

timing of cART initiation, a key modifiable clinical factor that can be specifically 

addressed in WLWH, may be indicative of cancer risk. That WLWH who initiate cART 

late with lower CD4 cell counts may experience an increased risk of all-type cancer and 

NADM is of concern in the context of a growing and aging cohort of WLWH globally. In 

conclusion, our data have important clinical implications that, along with the 

consideration of current cART treatment guidelines (133), highlight the clinical 

significance of immediate initiation of cART after HIV diagnosis for WLWH. In framing 

HIV as a chronic condition that will span an individual’s life-course, considerations of 

how HIV-specific care may mitigate other concurrent diseases must be a priority.  
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Chapter 5.  
 
Cancer-related mortality among women and men 
living with HIV in the modern cART era 

5.1. Abstract 

Cancer rates are estimated to be nearly twice as high among people living with HIV 

(PLWH) compared to HIV-negative individuals. It is well established that both women 

living with HIV (WLWH) and men living with HIV (MLWH) are impacted by varying 

cancer types across the HIV life course; however, little is known about cancer-specific 

mortality outcomes in these populations in the modern combination antiretroviral therapy 

(cART) era and in a setting where cART is universally available free of charge. 

Therefore, this study sought to estimate the cancer-related mortality rate among a 

retrospective cohort of MLWH and WLWH in the province of British Columbia (BC).  

The Comparative Outcomes and Service Utilization Trends (COAST) study is a 

population-based retrospective study that is inclusive of all PLWH in the province of BC, 

including those on and off cART, between April 1st, 1996 and March 31st, 2013. COAST 

includes demographic and clinical data from the BC Centre for Excellence in HIV/AIDS 

(BC-CfE) Drug Treatment Program (DTP) and administrative health data from 

Population Data BC, including linkages to the BC Cancer Agency (BCCA) and Vital 

Statistics BC. The outcome of interest was underlying cause of death coded as a 

malignancy as captured by Vital Statistics BC. Direct-age standardization methods were 

used to measure and compare cancer-related mortality rates overall, by AIDS-defining 

malignancies (ADM) and non-AIDS defining malignancies (NADM), between MLWH and 

WLWH and a general population sample using the age distribution for the 2011 

Canadian standard population. All analyses were sex-stratified where possible.  

Between 1996 and 2013, 1,121 PLWH in BC were diagnosed with cancer 

(including in situ cases), of which 155 (13.8%) were women and 384 (34.3%) were co-

infected with hepatitis C. The median age at cancer diagnosis for PLWH was 47 years 

(Interquartile range (IQR): 29, 54), compared to 66 (IQR: 55, 76) in the general 

population sample with cancer (p-value <0.0001). Compared to the general population 
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with cancer, PLWH with cancer diagnoses were less likely to be alive at the time of 

follow-up (50.5% vs. 55.3%, p<0.0001). Of the 1,121 PLWH with a cancer diagnosis, 

566  (50.5%) were alive at the end of the follow-up period, whereas 555 (49.5%) had 

died—11 deaths were attributed to ADM, 222 deaths to NADM, and the remaining 322 

deaths to non-cancer-related causes. Of the 155 WLWH and 966 MLWH with at least 

one cancer diagnosis, 19 (12%) and 214 (22%) died from cancer, respectively.  

The overall age-adjusted cancer-related mortality rate for PLWH was 63.1 (95% 

confidence interval [CI]: 51.6, 74.6) per 1,000 person-years (PY) compared to 48.3 (95% 

CI: 46.7, 49.8) per 1,000 PY in the general population sample with a rate ratio of 1.3 

(1.1, 1.6) when comparing the two cohorts. The overall ADM-related mortality rate for 

PLWH was 4.2 (95% CI: 0.8, 7.6) per 1,000 PY compared to 2.3 (95% CI: 1.8, 2.7) per 

1,000 PY in the general population sample with a rate ratio of 1.9 (95% CI: 0.3, 3.4) 

when comparing the two cohorts. Finally, the overall NADM-related mortality rate for 

PLWH was 58.9 (95% CI: 47.9, 69.9) per 1,000 PY compared to 46.0 (95% CI: 44.5, 

47.5) per 1,000 PY in the general population sample with a rate ratio of 1.3 (1.0, 1.5) 

when comparing the two cohorts.  

This analysis also included crude and age-adjusted sex-stratified analyses of all-

type cancer, ADM- and NADM-related mortality and found that the elevated risk of 

mortality was attenuated when sex-stratified analyses were conducted, for both MLWH 

and WLWH. Among women, these results are likely due to the small number of cases of 

cancer-related mortality in the sample (n=19). These results suggest that cancer-related 

mortality is elevated among PLWH compared to the general population. Confounding 

factors such as smoking status could not be accounted for in this analysis and should be 

investigated further in future studies. These findings also indicate that the majority of 

cancer-related deaths are attributed to NADM in the modern cART era, highlighting 

potential future health-care priorities including the need for appropriate screening 

measures. 

5.2. Introduction  

Since the advent of modern combination antiretroviral therapy (cART), substantial 

reductions have been observed in AIDS-related morbidity and mortality among people 

living with HIV (PLWH) (6, 8, 71, 131, 137). Survival outcomes have greatly improved, 
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with all-cause mortality rates rapidly declining after 1996, the year marking the start of 

the modern cART era (5, 246, 247). These promising trends have been accompanied by 

a transition towards HIV being managed as a long-term, chronic disease for those with 

adequate and universal access to cART (4). However, increased life expectancy, 

exposure to environmental and behavioural risk factors, and accelerated cellular aging 

provide an opportunity for other chronic diseases to manifest over the life course for 

aging PLWH (12, 13, 17, 68, 126, 187). Comorbidities, such as cancer, are common 

among PLWH in the modern cART era, especially among individuals with poorer clinical 

HIV outcomes and across social axes such as age, sex, ethnicity, and socioeconomic 

strata (15, 248). 

While cancer is a broad and heterogeneous category of disease, all-type cancer 

incidence is generally seen at elevated rates among PLWH relative to the general 

population (227, 249). More specifically, among PLWH, AIDS-defining malignancies 

(ADM), including non-Hodgkin’s lymphoma (NHL), Kaposi’s sarcoma (KS) and invasive 

cervical cancer (ICC), and certain non-AIDS-defining malignancies (NADM), such as 

anal, lung and liver cancer, have been observed in excess (37, 187), as discussed in 

Chapter 3. This elevated risk of cancer may be attributed to multiple, complex factors 

including chronically suppressed immune function (44, 160, 250, 251), as discussed in 

Chapter 4, as well as engagement in established cancer-risk behaviours (44, 252, 253), 

chronic inflammation (254), and higher prevalence of oncogenic viruses such as human 

papilloma virus (HPV) or hepatitis B (HBV) and hepatitis C (HCV) (255, 256).  

There has been some impact of cART uptake on reducing cancer incidence over 

time (100, 238), most notably for certain cases of ADM (81, 101, 219, 257). Despite 

progress made in addressing certain types of cancer morbidity over time, the prognosis 

for many cancers diagnosed among PLWH may still be quite poor in the modern cART 

era (72). The proportion of deaths attributed to malignancies among PLWH remains high 

(221) with NADM now representing the most common cause of non-AIDS-related death 

for PLWH (125). Malignancies comprise 20-39% of all causes of death among PLWH 

(18, 71, 150, 258). Moreover, there is evidence to suggest that NADM incidence rates 

and subsequent mortality rates are increasing over time among PLWH (37, 125). 

Survival outcomes among PLWH compared to the general population with cancer tend 

to be worse, especially for certain NADM, including lung and prostate cancer (73, 129). 

Notably, the disparities in cancer mortality rates between PLWH and the general 
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population may not be attributed to delayed cancer diagnoses (late stage) and/or receipt 

of cancer treatment, suggesting that type of cancer and cancer progression may indeed 

be the most clinically relevant factor in determining survival in those with cancer (129). 

Considering the potential clinical impact of cancer type on cancer progression 

and cancer mortality outcomes among PLWH, we still know very little about whether 

cancer mortality rates among PLWH differ by sex. While some studies suggest sex does 

not impact cancer-related mortality rates (75), it is vital to understand the landscape of 

cancers most affecting men living with HIV (MLWH) and women living with HIV (WLWH) 

and how those cancer cases may differentially affect mortality outcomes. Of PLWH with 

cancer, there are a higher proportion of women among those with ADM compared to 

those with NADM diagnoses (74).  

Understanding sex-specific disparities in cancer-related mortality outcomes may 

assist in understanding where we are failing PLWH with cancer, including if they are 

being diagnosed late, receiving inadequate or no cancer-related treatment, or if the 

progression of certain cancers is accelerated. Despite overwhelming evidence 

demonstrating high incidence of ICC among WLWH in the modern cART era and other 

important sex-specific differences in cancer incidence rates, there is a lack of 

appreciation in the current literature for how sex may significantly impact cancer-related 

mortality outcomes. To the best of our knowledge, there is not a single article published 

highlighting the cancer-related mortality rates specific to WLWH. While certain papers 

have looked at mortality after diagnosis of certain cancer types, notably for lung and ICC 

(179, 259-261), information on trends of all-type, ADM- and NADM-related mortality 

among WLWH in particular is lacking. Moreover, general cancer mortality estimates may 

obscure important clinical factors specific to men and women when sex stratified 

analyses are not conducted.  

An assessment of sex-specific cancer-related mortality rates for PLWH, overall 

and by type of cancer, may greatly assist in epidemiological assessments of cancer as a 

comorbid condition in the modern cART era and target research, prevention, and 

treatment for maximum public health benefit. 
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5.3. Methods 

5.3.1. Study population  

The Comparative Outcomes and Service Utilization Trends (COAST) study is a 

population-level retrospective cohort study, created via confidential data linkages 

between two provincial administrative databases—the BC Centre for Excellence in 

HIV/AIDS (BC-CfE) and Population Data BC. The BC-CfE’s Drug Treatment Program 

(DTP) (135) centrally manages and distributes cART in BC, which is provided free of 

charge to individuals residing in the province, and contains longitudinally collected data 

on demographic characteristics, cART uptake, immunologic and virologic outcomes, and 

other clinical variables for all PLWH accessing cART in BC. Population Data BC, a 

provincial resource that houses administrative health data collected by public bodies 

such as Vital Statistics (235), and BC Cancer Agency (BCCA) (236), contains 

comprehensive individual-level longitudinal data for all 4.6 million BC residents.  

 The COAST study is composed of three cohorts (as described in Figure 1.1). 

The first two cohorts are inclusive of 12,730 PLWH in BC and the differentiating 

characteristic between these two cohorts is whether or not participants have ever 

accessed any cART. While diagnostic data were not available for the COAST study, 

baseline entry into the study occurred at the earliest date of either the first viral load (VL) 

test or the first cART prescription fill. Both COAST PLWH cohorts are comprised of 

PLWH aged 19 years and older between April 1st, 1996 and March 31st, 2013 with 8,620 

receiving HIV treatment (cART) in BC and an additional 4,110 PLWH who are treatment 

naive. Thus, these two PLWH cohorts (n=8,620 cART engaged; n=4,110 cart-naïve) are 

inclusive of all confirmed PLWH identified through the BC-CfE, and also through a 

validated HIV case-finding algorithm used within Population Data BC (136). This case-

finding algorithm allowed us to identify people if they had a record of at least one 

detectable HIV plasma viral load (pVL) and/or had initiated cART (including individuals 

contained in the DTP registry). In a second step, using International Classification of 

Disease (ICD) version 9 and 10 codes, we identified individuals with either one or more 

record of having received care for an HIV- or AIDS-related medical condition or death 

confirmed through a review of supplementary administrative datasets; these individuals 

also had to fulfill the criteria of at least one inpatient and/or at least three outpatient ICD-

9/10 codes associated with HIV or AIDS.  
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The third cohort is a comparison cohort made up of a 10% random sample from 

the general population, assumed to be HIV-negative. This cohort represents a random 

sample of the total BC population who were aged 19 years or older between April 

1st,1996 and March 31st, 2013. This sample was generated from a combined pool of 

distinct individuals with unique Personal Health Numbers in the general population of BC 

meeting the age criterion from the fiscal years 1996-1997 to 2012-2013.  

5.3.2. Inclusion criteria 

For the purposes of this analysis, the PLWH cohort from COAST, as well as the 

comparison 10% general population sample, were utilized. As such, we restricted our 

analytic sample to all individuals with at least one incident cancer diagnosis as identified 

through ICD-O codes, as discussed in Chapters 1, 3 and 4 (see Table 1.1). For the 

cohort of PLWH, we further excluded those whose cancer diagnosis preceded their entry 

into HIV care and those who were younger than 19 years of age.  

 For the purposes of this study, participants were followed from the date of entry 

into care (estimated from first VL test or cART prescription) until censoring (at death, 

estimated time of loss to follow-up/disengaged with care or March 31st, 2013). Loss to 

follow-up was defined as no record of contact with the health care system as captured 

through an encounter or service event within 18 months of the study cut-off date (i.e., 

March 31st,  2013). Approximately 11% and 17% of individuals were lost to follow-up in 

the PLWH and the general population cohorts, respectively, within the COAST cohort.  

5.3.3. Outcome variable 

Underlying cause of death related to malignancy was the outcome variable of interest for 

this study. Cause of death data was ascertained by ICD-9 (for the years 1996 to 1998) 

and ICD-10 (for the years 1999 and onward) mortality codes via Vital Statistics and 

classified using the international standardized method set by the World Health 

Organization (WHO) (262). Use of ICD-9 and ICD-10 codes for underlying cause of 

death data has been previously validated and shown to have good reliability, although 

ICD-10 codes may improve with regards to specificity of cause of death data (263). 

Cancer types were categorized as ADM (KS, NHL, and ICC), NADM (all other cancer 

types), and by system type (bone/tissue, digestive, genitourinary, lymphatic, respiratory 
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and other). It should be noted that the type of cancer identified by underlying cause of 

death data was not always equivalent to the initial cancer diagnosis, since we did not 

identify secondary or other cases of metastatic cancer in our sample.  All other causes of 

mortality were considered non-cancer-related. 

5.3.4. Covariates 

Variables of interest included in this analysis were age at death, calendar year of cancer 

diagnosis, calendar year of death, Aboriginal ethnicity, history of injection drug use 

(IDU), whether there was a diagnosis of an AIDS-defining illness (ADI) at the start of 

cART, hepatitis C (HCV) co-infection, marital status at death, whether the cancer related 

to death was classified as an ADM, and specific type of cancer at primary cancer 

diagnosis. We also included stage of cancer diagnosis; however, over 90% of staging 

data was missing or incomplete. For the sample of PLWH, we also included certain HIV-

specific variables such as calendar year of entry into HIV care, peak VL (log 

10copies/ml), CD4 cell count at cART initiation (cells/mm3), nadir CD4 cell count 

(cells/mm3), and presence of an AIDS-defining illness (ADI) at the start of cART.  

5.3.5. Statistical methods 

To identify the sample of PLWH and the general population at risk of cancer-related 

mortality, we had to first identify the population with a cancer diagnosis. We conducted a 

bivariate analysis comparing demographic and clinical characteristics of the 1,121 

PLWH and the 35,426 individuals from the general population sample with a cancer 

diagnosis. Similarly, we conducted bivariate analysis to compare demographic and 

clinical characteristics of the 233 PLWH who died of cancer and the 12,119 people in the 

general population who died of cancer. Chi-squared tests were used for categorical 

variables and Kruskal-Wallis tests for continuous variables to test associations, with a 

significance level of 0.05.  

Among participants with a cancer diagnosis, we calculated and compared crude 

cancer-related mortality rates for PLWH and the general population sample. To adjust 

for differences in the age distribution of participants in the PLWH cohort and the general 

population comparison cohort, we calculated direct age-adjusted cancer-related mortality 

rates overall, by ADM and NADM using the age distribution for the 2011 Canadian 



72 

standard population with five age groupings (19-39, 40-49, 50-59, 60-69, and 70+). We 

also conducted a sex-stratified analysis for MLWH and WLWH compared to men and 

women with cancer from the general population sample. Age-adjusted mortality rates 

were expressed per 1,000 person-years (PY) with a 95% confidence interval (CI).  We 

also calculated cART era stratified direct-age-adjusted cancer-related mortality rates for 

1996-1999, 2000-2004, 2005-2008, and 2009-2013 but were not statistically powered to 

conduct a sex-stratified analysis.  

 Finally, we identified covariates associated with cancer-related death using an 

unadjusted and proportional subdistribution hazards model with sub-distribution, with 

non-cancer-related death as competing risk. This model was chosen and is often used in 

cancer epidemiology since the outcome of interest (cancer-related mortality) is greatly 

impacted by disease risk and there are multiple outcomes possible (264). All analyses 

were conduced using SAS version 9.4 (SAS, Cary, North Carolina, United States) with a 

level of significance set at 0.05.  

5.4. Results 

5.4.1. Sample characteristics  

Our analytic sample was comprised of 1,121 PLWH (966 MLWH and 155 WLWH) and a 

control sample of 35,426 individuals from the general population, with at least one 

cancer diagnosis after the age of 19 between the follow-up period of April 1st, 1996 and 

March 31st, 2013. The breakdown of incident cancer cases by sex is featured in Table 

5.1 and Table 5.2, including in situ and invasive cancer cases. Among the 155 WLWH, 

over half (56.8%) had been diagnosed with cervical cancer (including in situ cervical 

cancer). Of the invasive cancer cases, NHL (n=22), lung (n=9), and ICC (n=8) were the 

most prevalent diagnoses after HIV diagnosis.  Among the 966 MLWH in the sample, 

NHL (n=202), KS (n=190), and anal cancers (n=123) were the most prevalent diagnoses 

after entry into HIV care.  

Compared to the general population sample with cancer (n=35,426), PLWH with 

cancer (n=1,121) were more likely to be male (86.2% vs. 48.3%, p<0.0001), have 

hepatitis C (34.3% vs. <1%, p<0.0001), and be younger at the time of cancer diagnosis 

(with a median age of 47 vs. 66 years old, p<0.0001) (see Table 5.3). The type of 
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cancers varied significantly between the two groups, with PLWH having a high 

proportion of lymphatic system cancers (22.8% compared to only 3.8% observed in the 

general population sample).  

Table 5.1 Incident cancer cases among WLWH in BC, 1996-2013 

 Cancer type Cancer cases (including 
in situ) 
n=155 

Invasive cancer cases 
n=61 

ADM  Kaposi’s sarcoma 3 3 
Non-Hodgkin’s lymphomaa 22  22 
Invasive cervical cancer 88 8 
Total 113 33 

NADM  Breast 8 4 
Hodgkin’s lymphoma 4 4 
Kidney 1 1 
Vaginal 9 2 
Rectum and anus 2 2 
Trachea and lung  9 9 
Otherb 9 6 
Total 42 28 

a) Includes 2 cases of Burkitt’s lymphoma 
b) Includes 2 cases of unspecified leukemia and 1 case each of thyroid, bone marrow, oral cavity, and 

unspecified sarcoma  
 

Table 5.2 Incident cancer cases among MLWH in BC, 1996-2013 

 Cancer type Cancer cases (including 
in situ) 
n=966 

Invasive cancer cases 
n=870 

ADM  Kaposi’s sarcoma 185 185 
Non-Hodgkin’s lymphoma a 207  207  
Invasive cervical cancer - - 
Total 392 392 

NADM  Pancreatic 10  9 
Colon 26 25 
Liver 33 33 
Bladder 9 3 
Hodgkin’s lymphoma 27 27 
Kidney 17 16 
Stomach 7 7 
Rectum and anus 123 76 
Trachea and lung  97 96 
Other 223b 186c 
Total 572 460 

a) Includes 27 cases of Burkitt’s lymphoma 
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b) Includes 212 unidentified cases, 6 cases of larynx, 3 cases of tongue and 1 case each of breast and 
oropharynx.  

c) Includes 175 unidentified cases, 4 cases of larynx, 3 cases of esophagus, 2 cases of tongue, and 1 case 
each of breast and oropharynx.  
 

Table 5.3 Bivariate comparison of PLWH and general population sample with 
cancer diagnosis in BC, 1996-2013 

 PLWH with cancer 
n=1,121 
 
 
n (%) 

General population 
sample with cancer 
n=35,426 
 
n (%) 

p-value 

Status at end of follow-up 
Alive 
Died of NADM 
Died of ADM 
Died of non-cancer cause 

 
566 (50.5%) 
222 (19.8%) 
11 (1.0%) 
322 (28.7 %) 

 
19579 (55.3%) 
11689 (33.0%) 
430 (1.2%) 
3728 (10.5%) 

 
 
<0.0001* 

Sex 
Female 
Male 

 
155 (13.8%) 
966 (86.2%) 

 
18262 (51.6%)+ 
17126 (48.3%) 

 
<0.0001* 

Indigenous ancestry 
No 
Yes 
Unknown 

 
608 (54.2%) 
138 (12.3%) 
375 (33.5%) 

  

Hepatitis C diagnosis 
No 
Yes 

 
737 (66.7%) 
384 (34.3%) 

 
35257 (99.5%) 
169 (0.5%) 

 
<0.0001* 

Type of cancer diagnosis 
NADM  
ADM 

 
645 (57.5%) 
476 (42.5%) 

 
32416 (91.5%) 
3010 (8.5%) 

 
<0.0001* 

Neighbourhood income quintile 
1 (lowest) 
2 
3 
4 
5 (highest) 
Unknown  

 
 
411 (36.7%) 
214 (19.1%) 
165 (14.7%) 
136 (12.1%) 
114 (10.2%) 
81 (7.2%) 

 
 
7268 (20.5%) 
6805 (19.2%) 
6680 (18.9%) 
6765 (19.1%) 
6974 (19.7%) 
934 (2.6%) 

 
 
<0.0001* 

System cancer diagnosis 
Bone, tissue, or breast 
Digestive organ 
Genitourinary 
Lymphatic system 
Respiratory 
Other 

 
202 (18.0%) 
204 (18.2%) 
124 (11.1%) 
255 (22.8%) 
112 (10.0%) 
224 (20.0%) 

 
5070 (14.3%) 
6025 (17.0%) 
5571 (15.7%) 
1344 (3.8%) 
4187 (11.8%) 
13229 (37.3%) 

 
 
 
 
 
<0.0001* 

Age at cancer diagnosis,  
Median age (Q1, Q3) 

 
47 (39,54) 
 

 
66 (55, 76) 

 
<0.0001* 

*Indicates statistical significance at p<0.05; + Indicates 38 missing values for sex in general population sample 
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5.4.2. Cancer mortality among PLWH and the general population with 
cancer 

Of the 1,121 PLWH with cancer, 322 (28.7%) died from non-cancer-related causes 

compared to 3,728 (10.5%) in the general population with cancer. As well, there were 

fewer PLWH with cancer alive at follow-up (March 31st, 2013) in comparison to those 

with cancer in the general population (50.5% vs. 55.3%, respectively, p=0.0015). There 

were 233 PLWH who had cancer identified as the underlying cause of death. Compared 

to those who died of cancer in the general population, PLWH who died of cancer in our 

sample were more likely to: be male (91.9% vs. 52.8%, p<0.0001); have an HCV 

diagnosis (30% vs. 0.6%, p<0.0001); be in the poorest neighbourhood income quintile 

(42.1% vs. 24.3%, p<0.0001); have been diagnosed with an ADM (vs. NADM) (21.9% 

vs. 4.3%, p<0.0001); and be younger at time of death (median age of 51 vs. 74, 

P<0.0001) (see Table 5.4).  
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Table 5.4 Bivariate comparison of PLWH who died of cancer compared to 
general population who died of cancer in BC, 1996-2013 

 Cancer deaths in 
PLWH 
n=233 
 
n (%) 

Cancer deaths in 
general population  
n= 12,119 
 
n (%) 

p-value 

Sex 
Female 
Male 

 
19 (8.2%) 
214 (91.9%) 

 
5694 (47.0%)+ 
6400 (52.8%) 

 
<0.0001* 

Indigenous ancestry 
No 
Yes 
Unknown 

 
118 (50.6%) 
31 (13.3%) 
84 (36.1%) 

  

Hepatitis C diagnosis 
No 
Yes 

 
163 (70.0%) 
70 (30.0%) 

 
12041 (99.4%) 
78 (0.6%) 

 
<0.0001* 

ADM cancer diagnosis 
NADM  
ADM 

 
182 (78.1%) 
51 (21.9%) 

 
11603 (95.7%) 
516 (4.3%) 

 
<0.0001* 

Neighbourhood income quintile 
1 (lowest) 
2 
3 
4 
5 (highest) 
Unknown  

 
98 (42.1%) 
35 (15.0%) 
40 (17.2%) 
20 (8.6%) 
20 (8.6%) 
20 (8.6%) 

 
2939 (24.3%) 
2400 (19.8%) 
2248 (18.6%) 
2178 (18.0%) 
2032 (16.8%) 
322 (2.7%) 

 
<0.0001* 

Type of cancer related to death 
Bone, tissue or breast 
Digestive organ 
Genitourinary 
Lymphatic system 
Respiratory 
Other 

 
2 (0.9%) 
69 (29.6%) 
9 (3.9%) 
45 (19.3%) 
67 (28.8%) 
41 (17.6%) 

 
640 (5.3%) 
3285 (27.1%) 
1105 (9.1%) 
386 (3.2%) 
3356 (27.7%) 
3347 (27.6%) 

 
 
 
 
 
<0.0001* 

Age at death 
Median age (Q1, Q3) 

 
51 (45, 59) 

 
74 (64, 82) 

 
<0.0001* 

*Indicates statistical significance at p<0.05; + Indicates 38 missing values for sex in general population sample 

5.4.3. Cancer mortality rates 

The age-adjusted cancer mortality rate for all-type cancer was estimated to be 63.1 per 

1,000 PY (95% CI: 51,6, 74.6) for PLWH compared to 48.3 per 1,000 PY (95% CI: 46.7, 

49.8) in the general population (see Table 5.5). The age-adjusted cancer-related 

mortality rate among PLWH was 30% higher than that observed in the general 

population (Rate Ratio [RR]: 1.3, 95% CI: 1.1, 1.6). The age-adjusted ADM mortality rate 

was 4.2 per 1,000 PY (95% CI: 0.8, 7.6) among PLWH compared to 2.3 per 1,000 PY 
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(95% CI: 1.8, 2.7) in the general population, demonstrating no significant difference in 

mortality risk between the two populations. This is likely attributed to the small number of 

ADM-related deaths within our sample (n=11). Finally, the NADM-related mortality rate 

was elevated among PLWH with cancer (58.9 per 1,000 PY, 95% CI: 47.9, 69.9) 

compared to the general population sample with cancer (46.0 per 1,000 PY, 95% CI: 

44.5, 47.5). This risk of NADM-related mortality was approximately 30% higher among 

PLWH compared to the general population (RR: 1.3, 95% CI: 1.0, 1.5). When looking at 

system-specific cancers, no significant elevation in system-specific mortality rates were 

observed among PLWH compared to the general population, except for an increased 

risk of death due to lymphatic system cancers (RR: 13.2, 95% CI: 8.4, 17.9).  

Table 5.5 Age-adjusted mortality rates per 1,000 PY among PLWH, 95% 
confidence interval 

 PLWH General Population Rate Ratio 
All-type cancer 63.1 (51.6, 74.6) 48.3 (46.7, 49.8) 1.3 (1.1, 1.6)* 
ADM 4.2 (0.8, 7.6) 2.3 (1.8, 2.7) 1.9 (0.3, 3.4) 
NADM  58.9 (47.9, 69.9) 46.0 (44.5, 47.5) 1.3 (1.0,1.5)* 
*Indicates statistical significance at p<0.05 

We also conducted crude and age-adjusted sex-stratified analyses of all-type 

cancer, ADM- and NADM-related mortality and found that the elevated risk of mortality 

was attenuated when sex-stratified analyses were conducted, both for MLWH and 

WLWH (see Table 5.6 and Table 5.7). Among WLWH, these non-significant results are 

likely due to the small number of cases of cancer-related mortality in the sample (n=19). 

These results suggest that the disparities in cancer-related outcomes in the non-sex 

stratified analysis may be driven by sex-ratio differences between the two groups of 

PLWH and the general population sample. Despite these attenuated results, it is still 

concerning that nearly 30% of this population of MLWH with cancer died from causes 

not attributed to cancer, potentially obscuring the influence of cancer risk on mortality 

trends in this population.  

Table 5.6 Age-adjusted mortality rates per 1,000 PY among WLWH, 95% 
confidence interval 

 WLWH General Population 
Sample of Women 

Rate Ratio 

All-type cancer 25.8 (12.46, 39.2) 36.7 (35.3, 38.2) 0.7 (0.3, 1.1) 
ADM 6.9 (0, 14.0) 1.9 (1.5, 2.3) 3.6 (0.0, 7.4) 
NADM  19.0 (7.7, 30.3) 34.8 (33.4, 36.2) 0.6 (0.2, 0.9) 
*Indicates statistical significance at p<0.05 
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Table 5.7 Age-adjusted mortality rates per 1,000 PY among MLWH, 95% 
confidence interval 

 MLWH General Population 
Sample of Men 

Rate Ratio 

All-type cancer 81.2 (64.3, 98.1) 83.7 (78.3, 89.2) 1.0 (0.8, 1.2) 
ADM 2.5 (0.0, 5.8) 3.8 (2.3, 5.2) 0.7 (0.0, 1.5) 
NADM  78.7 (62.0, 95.3) 80.0 (74.7, 85.2) 1.0 (0.8, 1.2) 
*Indicates statistical significance at p<0.05 

5.4.4. Temporal trends in cancer mortality among PLWH 

We also calculated temporal trends in cancer-related mortality overall as well as for ADM 

and NADM across MLWH and WLWH compared to the general population (see Table 

5.8). We looked at four time periods available through the COAST dataset: 1996-1999; 

2000-2004; 2005-2008; and 2009-2013. Age-adjusted cancer mortality rates over the 

four time periods show a trending decrease among PLWH as well as the general 

population. The age-adjusted all-type cancer mortality rates among PLWH were 283.6 

deaths per 1,000 PY, 57.1 deaths per 1,000 PY, 43.8 deaths per 1,000 PY, and 34.1 

deaths per 1,000 PY in the 1996-1999, 2000-2004, 2005-2008, and 2009-2013 time 

periods, respectively. Only the 1996-1999 period showed significant elevation in cancer-

related mortality rates among PLWH compared to the general population (RR: 1.7, 95% 

CI: 1.4, 2.1). When looking at NADM and ADM cancer-related mortality rates, we 

observed a decreasing trend over the four time periods among PLWH and the general 

population, with no significant difference in the rate ratio between the two groups. We 

were insufficiently powered to further stratify by sex.  
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Table 5.8 Temporal trends in age-adjusted mortality rates per 1,000 PY, 95% 
confidence interval 

 cART era PLWH General Population Rate Ratio 
All-type 
cancer 

1996-1999 283.6 (223.0, 344.2) 164.2 (146.8, 181.6) 1.7 (1.4, 2.10)* 
2000-2004 57.1 (31.4, 82.7) 74.8 (69.3, 80.2) 0.8 (0.4, 1.1) 
2005-2008 43.8 (24.5, 63.1) 44.0 (41.1, 46.8) 1.0 (0.6, 1.4) 
2009-2013 34.1 (25.0, 43.3) 30.0 (28.4, 31.6) 1.1 (0.8, 1.4) 

ADM 1996-1999 2.2 (0.0, 6.4) 11.2 (4.5, 17.8) 0.2 (0.0, 0.6) 
2000-2004 13.8 (0.0, 29.7) 3.1 (2.0, 4.2) 4.5 (0.0, 9.6) 
2005-2008 5.6 (0.0,14.8) 1.9 (1.2, 2.6) 2.9 (0.0, 7.8) 
2009-2013 1.0 (0.0, 2.1) 1.5 (0.9, 1.9) 0.7 (0.0, 1.5) 

NADM 1996-1999 281.4 (220.9, 341.9)* 153.0 (136.7, 169.4)* 1.84 (1.4, 2.2)* 
2000-2004 43.3 (22.6, 64.0)* 71.7 (66.3, 77.0)* 0.6 (0.3, 0.9)* 
2005-2008 38.2 (21.1, 55.4) 42.1 (39.2, 44.8) 0.9 (0.5, 1.3) 
2009-2013 33.1 (24.0, 42.2) 28.5 (27.0, 30.0) 1.2 (0.8, 1.5) 

*Indicates statistical significance at p<0.05 

5.4.5. Predictors of cancer-related mortality 

In the univariate model (see Table 5.9), we found elevated hazards of cancer-related 

death among older individuals, with a 30% increased risk of death for every 10-year 

increase in age (Hazard Ratio [HR]: 1.3, 95% CI: 1.2, 1.5) and individuals with a 

digestive organ (HR: 6.3, 95%CI: 3.6, 11.1), lymphatic system (HR: 2.3, 95% CI: 1.2, 

4.2), or respiratory system (HR: 13.5, 95% CI: 7.6, 24.0) cancer compared to bone, 

tissue or breast cancer. We also found reduced cancer-related mortality among women 

versus men (HR: 0.5, 95% CI: 0.3, 0.9) and those with an ADM cancer diagnosis versus 

a NADM cancer diagnosis (HR: 0.3, 95% CI: 0.2, 0.5). 

 In the multivariate model (see Table 5.9), we estimated predictors of cancer-

related death with non-cancer-related death as the competing risk and found that the 

hazards for death were significantly higher among PLWH with a digestive organ (HR: 

6.1, 95% CI: 3.5, 10.8), lymphatic (HR: 2.2, 95%CI: 1.2, 4.1), respiratory (HR: 11.8, 95% 

CI: 6.5, 21.4), or ‘other’ (HR: 2.4, 95%CI: 1.3, 4.5) cancer diagnosis compared to bone, 

tissue or breast cancer diagnosis, as well as for older individuals (HR: 1.1 per 10 year 

increase, 95% CI: 1.0, 1.3). Other possible explanatory variables such as sex, ART-

naïve status, and whether the cancer was an ADM were not selected in this model.  
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Table 5.9 Univariate and multivariate models determining predictors of 
cancer-related mortality among PLWH (non-cancer death as 
competing risk) 

 Unadjusted Hazard Ratio 
(95% CI) 

Adjusted Hazard Ratio  
(95% CI) 

Sex 
Female 
Male 

 
0.5 (0.3, 0.9)* 
1.00 

 

Indigenous ancestry 
No 
Yes 
Unknown 

 
1.0 
1.2 (0.8, 1.8) 
1.3 (0.9, 1.7) 

 

ARV naïve, at baseline 
Yes 
No 
Unknown 

 
1.0  
0.9 (0.5, 2.0) 
2.1 (1.2, 3.6) 

 

Hepatitis C diagnosis 
No 
Yes 

 
1.00 
0.82 (0.6, 1.1) 

 

ADM cancer diagnosis 
NADM  
ADM 

 
1.00 
0.33 (0.2, 0.5)* 

 

Type of cancer, at diagnosis 
Bone, tissue, or breast 
Digestive organ 
Genitourinary 
Lymphatic system 
Respiratory 
Other 

 
1.00 
6.2 (3.6, 11.1)* 
1.6 (0.8, 3.5) 
2.3 (1.2, 4.2)* 
13.5 (7.6, 24.0)* 
2.6 (1.4, 4.8)* 

 
1.00 
6.1 (3.5, 10.9)* 
1.7 (0.7, 3.6) 
2.2 (1.2, 4.1)* 
11.8 (6.5, 21.4)* 
2.4 (1.3, 4.5)* 

Age at HIV diagnosis 
Per 10-year increase 

 
1.3 (1.2, 1.5)* 

 
1.1 (1.0, 1.3)* 

*Indicates statistical significance at p<0.05 

5.5. Discussion 

This study demonstrates that cancer-related mortality rates are significantly elevated 

among PLWH compared to the general population in the modern cART era, however, 

when conducting sex-stratified analyses, these disparities were attenuated. That PLWH 

with cancer experience a 30% increased risk of cancer-related mortality compared to the 

general population with a cancer diagnosis may be largely driven by sex differences 

between the group of PLWH and the comparison general population group. Previous 

research has also noted improved survival outcomes for PLWH with an ADM diagnosis 

over time with the advent of cART (69, 72, 258); however, our findings suggest a 

trending decline in NADM as well.  
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Previous research cites that, regardless of smoking or stage at diagnosis, 

survival outcomes are poorer among PLWH compared to the general population after 

cancer diagnosis (129, 265). While we were unable to look at cancer treatment in our 

analysis, previous research has noted that while cancers among PLWH appear more 

aggressive and at earlier stages in the life course when standard cancer therapy is 

provided, mortality outcomes are similar to those observed in the general population with 

cancer (46, 75). However, when looking at specific cancer types, the impact of cancer 

therapy on mortality may be less clear and perhaps still elevated for certain cancers like 

lung and colorectal (129). These findings may suggest that looking at staging and uptake 

of cancer therapy among PLWH with cancer may be important in future analyses to 

tease out the drivers of the elevated mortality we observed in this study. 

In our multivariate analysis looking at predictors of cancer mortality among 

PLWH with cancer, we found that diagnoses of lymphomas, digestive, and respiratory 

cancers were predictors of mortality when compared to other cancers and adjusting for 

age. While lymphomas are heterogeneous, poor survival outcomes may be indicative of 

poor immune status and chronic suppression (266). These particularly aggressive 

cancers have been known to have survival times of only two months after diagnosis 

among PLWH (150). The high contributions of lymphomas in cancer mortality also 

suggest the role of immune-status and possibly of cART in mitigating these excess 

mortality rates (223). There is a notable lack of research on digestive cancers and 

survival outcomes among PLWH, although the infectious etiology of stomach cancers 

may be of concern, as well as long-term impact of immune suppression on risk of 

digestive cancer morbidity (267, 268). 

Lung cancer has been widely cited and is often referred to as one of the greatest 

contributors to cancer-related mortality in PLWH (74, 76, 258), and our study also found 

that lung cancer was a predictor of cancer-related mortality. Prognosis and survival rates 

of lung cancer are poorer among PLWH than that observed in the general population 

(75, 128, 154). Lung cancer is associated with a two-fold increased likelihood of mortality 

compared to other cancers among PLWH, with many people not surviving 12 months 

post-diagnosis (73, 74). Lung cancer is frequently diagnosed with presentation of more 

aggressive forms of cancer among PLWH (128, 269-271); however; we were unable to 

assess this due to lack of available staging data. 
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The landscape of cancers diagnosed among MLWH and WLWH appears to vary 

greatly. Approximately 57% of the WLWH in our sample had an ICC diagnosis in their 

lifetime while NHL was the second-most prevalent condition, demonstrating that ADM 

are consistently prevalent among WLWH in the modern cART era, although potentially 

not as impactful on mortality rates. The majority of women in our sample had cervical 

cancer, which may contribute greatly to morbidity measures but may not contribute 

greatly to cancer-related mortality outcomes (72). The fact that ADM did not contribute 

greatly to the cancer-related mortality rates among WLWH in our study may suggest that 

ADM mortality risk may be mitigated by cART uptake and therapeutic success (72). 

However, we are limited in our ability to comment on this association due to the small 

sample size of ADM-related deaths. Survival after ADM diagnosis, largely ICC, for 

WLWH is poorer than among HIV-negative women (260). Among MLWH in our sample, 

NADM cases were more prevalent than ADM, and while rates of NADM mortality may be 

decreasing over time (in both MLWH and in the general population), they are still 

associated with a significant proportion of deaths among MLWH.  

Our research also suggests that MLWH with a cancer diagnosis may have poorer 

mortality outcomes compared to WLWH with a cancer diagnosis. Male sex has been 

found to be a predictor of cancer-related mortality in previous research (221). However, 

in type-specific mortality outcomes, this may differ. For example, in comparison to 

MLWH, WLWH have a significantly shorter latency period between HIV and lung cancer 

diagnosis, suggesting a particularly rapid progression of the disease (272). There is 

literature to corroborate this finding, with many studies suggesting women, especially 

those living with HIV, are particularly vulnerable to the negative impact of smoking 

exposure over time and may experience disproportionate adverse health outcomes (117, 

272). Unfortunately, due to our small sample size, we were unable to determine this 

impact. Further research is needed on sex-specific cancer mortality outcomes in the 

modern cART era.  

Finally, it must be noted that cancer diagnoses occurred at much younger ages 

(nearly 20 years earlier) in our sample of PLWH than in the general population. Earlier 

diagnosis of cancer has been corroborated by other studies as well (265). However, 

cancer-related deaths in our study were also occurring 23 years earlier among PLWH 

when compared to the general population. This finding has important clinical 

significance, as it demonstrates that there is a critical need for cancer prevention 
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strategies, mechanisms for earlier detection, and potentially improved uptake of cancer 

therapy among PLWH (73).  

 There are several limitations to consider with this analysis. First, we did not have 

cancer staging or cancer treatment data. Therefore, we were unable to estimate the 

impact of late-stage diagnosis or lack of cancer treatment in predicting excess rates of 

cancer-related mortality among our sample population. Administrative data have been 

previously reported to be particularly vulnerable to inaccurate or incomplete coding, 

especially when collected over various time periods where reporting strategies have 

changed (such as ICD-9 to ICD-10 code changes). In particular, it is important to note 

that possible misclassification bias may exist when using administrative health data 

where the purpose of data collection was not for epidemiological studies (245). 

Moreover, for this study in particular, misclassification of primary site cancer may have 

been possible since histology data was not available. 

5.6. Summary 

In conclusion, our study finds that cancer-related mortality rates after a cancer diagnosis 

are elevated compared to the general population however, these results may be driven 

by the sex ratio differences between the case and control comparison groups. As such, 

the similar cancer-related mortality outcomes within this setting highlight the opportunity 

for earlier intervention and HIV-related care in preventing ADM and NADM-related 

deaths through uptake of cART and retention in HIV care. Studies that look at mortality 

rates and fail to characterize sex as a predictor of mortality outcomes may be 

overlooking the heterogeneity in cancer risk specific to MLWH and WLWH.  
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Chapter 6.  
 
Summary and Recommendations  

6.1. Abstract 

In this chapter, I discuss the main findings of my PhD dissertation research, concerning 

cancer as a comorbid condition among women living with HIV (WLWH) in the modern 

combination antiretroviral therapy (cART) era. I summarize how cancer risk is 

manifested through HIV-serostatus and states of immune suppression and how and 

when cancer risk may be mitigated through cART uptake. I also discuss the impact of 

HIV on overall cancer-related mortality, using a life-course epidemiological perspective. I 

also briefly review these findings and comment on the significance of this research as it 

relates to the aging demographic of WLWH in Canada specifically and globally in 

general. I also provide a discussion on the implications of these findings and 

recommendations for future clinical changes that may address the growing issue of 

cancer comorbidity. Lastly, I provide suggestions for future research studies that will be 

critical to address the remaining gaps in knowledge specific to WLWH and cancer. 

6.2. Summary of findings 

The purpose of my doctoral dissertation was to examine the burden of cancer-related 

morbidity and mortality among women living with HIV (WLWH) in the context of 

universally provided modern combination antiretroviral therapy (cART). The specific 

objectives of this dissertation were: 1) to measure all-type cancer incidence among 

WLWH in British Columbia (BC) and to compare AIDS-defining malignancy (ADM) and 

non-AIDS-defining malignancy (NADM) incidence rates with an age-standardized 

general population sample; 2) to identify the role of immune suppression at cART 

initiation in explaining excess risk of all-type cancer incidence, ADM, and NADM among 

WLWH in BC; and 3) to estimate the burden of cancer-related mortality among men 

living with HIV (MLWH) and WLWH in BC from 1996 until 2013, for all-type 

malignancies, ADM, and NADM.   
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Chapter 1 provided historical context on the advent of cART and introduced the 

association between HIV and cancer. Additionally, this chapter reviewed changes in 

cancer morbidity and mortality trends over time in relation to the advent of cART and the 

varying trends in cancer-related outcomes among people living with HIV (PLWH). I also 

introduced Life Course Epidemiology in order to frame subsequent chapters in terms of 

understanding cancer as an outcome related to life-long biological, environmental, and 

social accumulation of risk related to HIV status and engagement in HIV-related care. 

Current gaps in knowledge concerning cancer risk specific to WLWH were discussed 

and an outline of objectives and methods was provided.  

Chapter 2 reviewed the literature pertaining to cancer risk among WLWH and 

discussed the significance of ADM and NADM trends. With only three peer-reviewed 

studies published specific to assessing overall (vs. specific type) cancer risk among 

WLWH, there is a notable lack of research addressing sex-specific cancer risk among 

PLWH. Previous research demonstrates an elevation in overall cancer risk in WLWH 

compared to general population samples of women. Moreover, specific cancer types 

such as lung and invasive cervical cancer (ICC) have been observed in excess among 

WLWH. In contrast, breast cancer incidence may be similar or slightly lower among 

WLWH compared to the general population. Risk of NADM among WLWH may be 

significantly elevated for virus-related malignancies compared to non-virus-related 

malignancies, although the role of immunosuppression in increasing risk for viral 

malignancies is less clear. This literature review suggested that certain cancer types 

may be elevated among WLWH and that viral-related malignancies may continue to be a 

risk, highlighting the need for appropriate screening and/or vaccination programs for 

oncoviruses. 

 Chapters 3, 4, and 5 correspond to each of the three analyses I undertook within 

this dissertation. Chapter 3 demonstrated that WLWH are at an increased risk of cancer 

compared to a general population sample of women in the province of BC. These results 

suggest that WLWH with cancer, in comparison to the general population, are more 

likely to be diagnosed with oral cancer, female genital cancers (including ICC, uterine, 

and vulvar cancer), Hodgkin’s lymphoma (HL), non-Hodgkin’s lymphoma (NHL), and 

Kaposi’s sarcoma (KS), and are less likely to be diagnosed with breast cancer. The 

reduced risk of breast cancer among WLWH has been corroborated in other literature, 

including research on transplant recipients on long-term immunosuppression drugs, 
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suggesting a role of immune suppression in breast cancer incidence. These results also 

suggest that the role of immune suppression should be investigated further in relation to 

cancer risk, as women with lower CD4 cell counts at cART baseline had higher odds of 

cancer than WLWH with higher CD4 cell count at cART baseline.  

Chapter 4 discussed the impact of timing cART uptake, as a proxy for prolonged 

duration from HIV acquisition to therapy initiation and chronic immune suppression, on 

cancer risk. This analysis looked at overall cancer risk as well as for ADM and NADM. 

While virus-related malignancies were an area of focus, this analysis was not statistically 

powered to look at specific sub-groups of cancers further. Previous research has found a 

declining trend in ADM incidence over time in the era of cART; however, there has been 

no focus on how these trends are observed among women (where ADM rates remain 

high and are likely driven by high rates of ICC). As such, my analysis fills an important 

gap in current literature around gradients of immune suppression at cART uptake and 

the impact on cancer incidence. This analysis suggests that early initiation of cART, as 

defined by higher CD4 cell count, is protective against all-type cancer and NADM among 

WLWH. However, no additional benefit was observed for reducing incidence of ADM. In 

the context of an aging population with HIV, this study suggests that there are significant 

oncological health benefits of early treatment initiation for WLWH.  

Chapter 5 examined cancer-related mortality among MLWH and WLWH. While 

research has previously established an increased risk of cancer among PLWH, there is 

a gap in knowledge regarding cancer-related outcomes such as mortality due to cancer. 

In this setting, cancer-related mortality overall and specifically for NADM remain elevated 

among PLWH compared to the general population, however these results were not 

significantly different after stratifying by sex. The increase overall in cancer mortality was 

then likely attributed to sex ratio differences in the two groups. However, it is important to 

note that while we adjusted for competing risks, the lack of difference in cancer related 

mortality may be in part related to the high non-cancer related mortality outcomes 

among this population of PLWH. Moreover, regarding ADM, It may be that any uptake of 

cART, regardless of gradients of CD4 cell count, may reduce ADM-related mortality and 

prolong life significantly. Finally, my findings suggest that the majority of cancer-related 

deaths are attributed to NADM in the modern cART era, highlighting potential future 

health-care priorities as PLWH continue to age in Canada.  
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6.3. Significance and contribution  

My dissertation addresses cancer risk among WLWH, a topic largely overlooked in HIV-

comorbidity research to date. Currently, there are only three peer-reviewed articles 

published that explicitly investigate all-type cancer risk among WLWH, with most other 

research studies focusing on single-site cancers such as ICC or lung cancer. The clear 

majority of literature on cancer as a comorbid condition focuses mostly on men or does 

not stratify by sex. Although general trends in cancer risk have been noted at length in 

other studies, failing to address cancer risk of women greatly overlooks the realities of 

WLWH in the current cART era. Understanding and framing cancer as a comorbid 

condition in the context of an aging demographic of WLWH is critical for informing 

clinical practice and to estimate and predict future healthcare demands. As such, this 

dissertation research represents leading work in woman-specific investigations into 

cancer morbidity and mortality in the current cART era, globally.  

The global feminization of the HIV epidemic has significant healthcare 

implications. There were over 17 million women worldwide living with HIV by the end of 

2015, representing the majority of adults living with HIV (273). As of 2011, there were 

approximately 16,600 WLWH in Canada, an increase of nearly 13% from three years 

prior (274). In the Canadian setting, life expectancy has increased among WLWH (6), 

demonstrating that WLWH are living longer and, as such, have a greater opportunity to 

accrue other health conditions both related and unrelated to their HIV status, across their 

life course (4). Data from the Canadian HIV Women’s Sexual and Reproductive Health 

Study (CHIWOS) provide further evidence of this trend by showing that in a sample of 

1,425 WLWH across three Canadian provinces, the median age was 43 years (IQR: 36-

51) and median years living with HIV was 11 (IQR: 6-17), at the time of enrollment 

(between August 2013 and May 2015) (122, 123). Overall, these current demographics 

of WLWH depict an aging cohort of women, many of whom have been living with HIV for 

a significant period of time and are at an elevated risk of comorbidities and age-related 

health concerns.  

By using a Life Course Epidemiology framework to guide this dissertation, I have 

been able to situate sex as a critical factor related to lifetime cancer risk and cancer-

related outcomes. I have appreciated that cancer risk is neither static nor an easily 

measured single item but rather is a dynamic relationship between complex factors, 
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including sex, that epidemiological studies are, more often than not, ill-equipped to 

examine (275). However, to the best of the limits of epidemiological data, I have been 

able to examine how sex, as a determinant of health throughout the life course after HIV 

diagnosis, may impact the ways in which various types of cancer may impact WLWH, 

how cART uptake may mitigate this risk, and then how WLWH may be impacted by 

cancer outcomes after a cancer diagnosis. I have also discussed how trends in cancer-

related morbidity and mortality are complex products of risk accumulated over periods of 

time across the life course and across the trajectory of HIV care. The transition of HIV 

care towards a chronic care model demands an appropriate assessment of the long-

term impacts of that care after an HIV diagnosis, including how it may impact cancer 

morbidity and mortality over time and the role of HIV-specific care.  

Beyond the results of this dissertation, the methodology provides a unique 

contribution to the current literature around the epidemiology of HIV-related 

comorbidities. The COAST cohort is uniquely positioned to look at various health 

outcomes and healthcare utilization trends among PLWH at a population level and 

provide comparisons to the general population. This is the first cohort in Canada with 

data providing the capability to look retrospectively at cancer incidence and mortality 

among PLWH. The COAST dataset provides the sampling frame for the largest 

comparison of PLWH and HIV-negative controls in the province of BC. Unlike previous 

studies, which have only been able to examine cancer incidence among WLWH in 

treatment databases (78), this study is able to look at all WLWH regardless of their 

engagement with cART. This population-based cohort reduces the selection and 

recruitment biases that often plague prospective longitudinal cohort studies. Moreover, 

this study utilizes large, population-based data in a setting of universally provided cART, 

cancer screening, and treatment, minimizing the effect of financial bias to uptake of 

therapy.  

6.4. Consideration of limitations 

Specific limitations for analyses in Chapters 3 to 5 are included within each chapter. 

However, after summarizing this dissertation research, I can now comment more 

generally on some of the considerations and limitations of this work. Moreover, these 

limitations may be addressed by future research, as discussed below.  
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The COAST study utilizes longitudinal, population-based data on both WLWH 

and MLWH, inclusive of individuals on and off cART, as compared to a one percent 

sample of the total population of BC. The COAST study uses administrative-level data 

from Population Data BC, inclusive of Medical Services Plan billings, hospitalization 

data, and data from the BC Cancer Agency (BCCA), from 1996 to 2013. The use of 

administrative data for estimating prevalence of comorbidities has been previously 

validated, suggesting that it generally is predictive of patient chart data (276-278). The 

use of administrative data, which is collected independently and without the influence of 

a research agenda, may allow for a significant reduction in recall and non-response bias 

(278). There is also evidence to suggest that when using a single administrative 

database compared to multiple methods of data collection, the quality of the data is 

improved. However, there is some concern that use of administrative data may lead to 

imprecise reporting of mortality, asymptomatic and behavioural risk in comparison to 

patient chart reports (276, 279).  

Within both the BCCA linkage (Chapter 3) and the COAST cohort (Chapters 4 

and 5), there are important variables that are either absent from the databases or a large 

proportion of values are missing. First, important known confounders of cancer risk, such 

as engagement in risk behaviours (e.g., smoking) are notably absent from these data 

sources. Without an ability to look at key cancer confounders, this analysis cannot 

appropriately control for the association between HIV and cancer risk or mortality 

outcomes. Moreover, 90% of our cancer cases, including both our sample of PLWH and 

the general population comparison sample, did not include staging information. While 

consistent across the two groups, it was still unfortunate not to have this data so we 

could adequately assess whether higher mortality after cancer diagnosis observed 

among PLWH was attributed largely to delay in diagnosis and/or shortened latency 

periods of cancer. Related to this, we also did not have cancer-related therapy 

information to ascertain disparities in uptake and timing of cancer treatment to potentially 

mitigate poorer clinical outcomes and death. 

Using solely primary site diagnosis data may also lead to underreporting of 

subsequent cancer sites, suggesting the incidence of secondary site cancers may be 

lower than they are. This may be especially problematic when individuals are diagnosed 

with late-stage cancer (280), which may be more likely to occur among WLWH 

compared to HIV-negative women (180, 281-283). Moreover, there may be an uncertain 
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primary site or a poor definition of primary metastasis provided by the diagnosing 

physician, which would influence the completeness and validity of information included in 

the administrative database.  

Beyond the comprehensiveness of administrative databases, surveillance bias 

may also be a concern using this type of population-based data. Surveillance bias, a 

type of nonrandom information bias, occurs when certain individuals are more closely 

examined for a disease compared to other individuals (284). This bias might be 

observed concerning cancer diagnoses among PLWH, who have generally had more 

contact with the healthcare system than their HIV-negative counterparts (32, 285). 

Surveillance bias may be a concern for any analysis providing comparisons to general 

population samples—a group that supposedly has fewer primary health concerns than 

PLWH. 

Differential misclassification bias may be present due to the use of cancer 

diagnosis as a proxy for the presence of cancer. It is well established that some types of 

cancer screening are lower among WLWH (168, 286) and that the difference in who is 

getting screened and diagnosed for cancer is clinically significant and non-random. 

Individuals with poorer clinical outcomes and immune suppression are less likely to be 

screened (90) but have an increased risk of many cancers (287); thus, we can assume 

they are less likely to be captured in administrative data and accounted for in these 

analyses. 

Beyond these limitations, the data presented and the analyses included in this 

dissertation have significant implications and important findings related to WLWH, HIV-

related care, and comorbidities. These are further discussed below in the next section.  

6.5. Implications for clinical care 

While uptake of cART has led in part to a decreased incidence of AIDS-related 

conditions (218), including certain ADM such as KS and NHL, there may be a 

subsequent increase observed in non-AIDS-related conditions (17). Currently, cancer 

remains one of the leading causes of morbidity and mortality among PLWH (68, 69, 125, 

288). The changing landscape of cancer comorbidity among PLWH over time is directly 

impacted by increased life expectancy, engagement in established cancer-risk 
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behaviours such as smoking, and exposure to other cancer-related risks such as 

infections (44, 187, 224). Moreover, the impact cART uptake has had on cancer 

morbidity overall, including NADM in particular, is less clear (160, 223).  

The compounding effect and mutually aggravating relationship between 

comorbid conditions and HIV across the life course is complex. As demonstrated by this 

research and earlier work, WLWH are disproportionately affected by high rates of 

cancers (80, 86, 289). Specifically, WLWH may experience higher rates of lymphomas, 

lung, and ano-genital cancers (86, 289). Understanding the landscape of cancers, as 

described in Chapter 3, that are impacting WLWH at greater rates allows clinicians and 

care providers to understand the potential drivers of illness in this population. 

As found in my dissertation research, NADM, particularly virus-related 

malignancies, are primary drivers of cancer-related morbidity and mortality for WLWH. 

Understanding this elevated risk for specific cancer types has important clinical 

implications. Approximately 15% of all cancers globally are attributed to infectious 

agents (290). This has significant consequences for PLWH and those experiencing 

chronic immune suppression, which may increase susceptibility to oncoviruses. ICC is 

one of the most prevalent malignancies worldwide (290) and is classified as one of the 

index conditions of AIDS since the advent of the global epidemic (144). ICC is largely 

driven by exposure to human papilloma virus (HPV), which is disproportionately found in 

WLWH (291). WLWH experience a four times higher incidence of ICC compared to the 

general population of women (84). Moreover, viral load (VL) and CD4 cell count are not 

independent predictors of ICC (292), and there appears to be little or no benefit of cART 

uptake on reducing risk of ICC among WLWH (171). Anal cancer, also related to HPV, is 

also observed in excess among WLWH (293), as is oral HPV infection (291), further 

demonstrating the need to tackle oncoviruses such as HPV when addressing how to 

reduce cancer morbidity and mortality among WLWH. Further studies looking at how 

HPV vaccine paired with early cART initiation may contribute to lower HPV-related 

cancer risk are required.   

The research presented in Chapter 4 discusses the impact of timing of cART 

uptake on cancer risk overall and for ADM and NADM. This analysis found that late 

initiation of cART, as measured by CD4 cell count at baseline, was predictive of elevated 

all-type and NADM risk, providing further evidence for the clinical advantages to 
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immediate initiation of cART after HIV diagnosis. Not only does cART uptake mitigate 

risk of ADM overall, but early cART uptake may provide further protection against certain 

NADM.  

The push to adopt the World Health Organization (WHO) cART guidelines, which 

suggest immediate uptake of cART for all individuals living with HIV irrespective of age 

and CD4 cell count, has gained momentum (294). However, there are important socio-

demographic and clinical predictors of timing of initiation of cART (295, 296). 

Importantly, a significant predictor of timing of cART is diagnosis of HIV, suggesting that 

individuals who start cART with lower CD4 cell counts are likely diagnosed after long 

periods of an immune-compromised state (297). Poorer clinical outcomes among PLWH 

are not experienced uniformly and often disproportionately impact certain individuals 

across key social axes (298-300). As some research has suggested, WLWH in particular 

may experience poorer health outcomes compared to MLWH; addressing sex and 

gender disparities in HIV clinical care will be critical moving forward (300). When there 

may be specific oncological health implications for delayed initiation of cART, special 

attention must be paid to addressing timely diagnoses of HIV, linkage to care, and 

uptake of cART.  

6.6. Recommendations  

The main recommendations emerging from my dissertation include: 1) improving rates of 

appropriate screening for ICC among WLWH; 2) establishing guidelines and parameters 

for anal cancer screening among WLWH; and 3) implementing interventions to reduce 

infections related to high incidence cancers among WLWH. These three 

recommendations have specific implications for provision of clinical care for PLWH, 

could potentially reduce incidence and mortality, and should be feasible to implement 

moving forward.  

Oral- and genital-system cancers, including anal and ICC, were significantly 

elevated in my research of WLWH, compared to the general population. Notably these 

are infection-related cancers. The association between HPV and anal cancer has been 

identified previously for women (48, 293), as well as discussed specifically among 

WLWH (49, 50). Pap smear (cytology screening for ICC) testing has been successful in 

reducing rates of ICC in high-income regions (301). International guidelines recommend 
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that WLWH are screened for ICC twice in the year following HIV diagnosis, and annually 

thereafter (49, 302). Despite these specific recommendations, studies suggest that 

WLWH are under-screened for ICC with estimates around 56-77% of WLWH reporting 

annual ICC screening (118, 162, 168, 303, 304). A study from Denmark found that only 

26% of WLWH obtained the recommended two cervical cytologies in the year following 

HIV diagnosis (305). This demonstrates an important gap in care, which could help to 

identify cases of cervical neoplasia and prevent advanced infection from turning into 

ICC.  

While we were insufficiently powered to look explicitly at anal cancer morbidity 

and mortality, we did find elevated rates of anal cancer in our sample of WLWH. In 

previous research, the incidence rate of anal cancer in WLWH was nearly 15 times the 

rate observed in the general population (50). There is a lack of consensus on the 

appropriate anal cancer screening practices when using anal Pap tests for PLWH (306). 

While some guidelines suggest that annual screening using anal Pap tests should only 

be done for individuals with certain risk factors, including women with diagnosed cases 

of cervical dysplasia, there may be evidence to suggest this is insufficient to address the 

growing incidence of anal cancer among WLWH (306, 307). In a response to these 

stringent screening recommendations, a study found a substantial proportion of WLWH 

who did not meet the high-risk criteria for requiring anal cancer screening were found to 

have high-grade anal lesions (307). This provides further evidence to suggest that all 

adult PLWH, regardless of history of known cancer risk factors, should be offered annual 

anal cancer screening as part of their routine HIV clinical care (306, 308). WLWH are 

under-screened for anal cancer considering their elevated risk. However, the efficacy of 

anal cancer screening procedures specific to WLWH is relatively unknown despite the 

opportunity to synergize with ICC screening practices (293, 309). A recently published 

study found that only 24% of the sample of 266 WLWH had ever had an anal Pap test, 

despite more than half expressing personal fears of risk about anal cancer (309). With 

the aging PLWH, and higher risk of cancer in this group, developing an evidence-based 

strategy to address this gap is warranted, as well as vaccinating early with HPV 

nanovalent, and following to see if it reduces the risk as expected. Having clinical care 

guidelines for WLWH specific to anal cancer risk will prove critical for clinicians to 

address the growing risk of cancer within this growing and aging population. 
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 Finally, interventions targeted at reducing the infections that contribute to cancers 

with the highest incidence rates should be prioritized. HPV-related cancers of the oral-

pharynx, vulva, anus, and cervix may be partially addressed by the administration of the 

HPV-vaccine. The most recent 9-valent HPV vaccine may increase protection of 

infection for up to 90% of cancer cases, an increase of 20% from the quadrivalent 

vaccine (310). The efficacy of the 9-valent vaccine is yet to be examined among WLWH. 

However, the efficacy and safety of the quadrivalent HPV-vaccine has been validated 

previously among WLWH (95, 311).  More than just vaccination, special attention must 

still be paid to HIV clinical outcomes, as viral suppression is a key predictor of optimal 

immunogenic effect of the HPV-vaccine (95). Moreover, many restrictions on current 

vaccination programs exclude the majority of PLWH based on the age and sexual 

partner restrictions. Targeting PLWH as a key population for the HPV vaccine should be 

a priority moving forward. Outside of HPV, there are no vaccines available for other 

known oncogenic infections that are associated with high incidence of cancer among 

PLWH. However, reductions in infections with known oncogenic properties may still be 

addressed in PLWH. Targeted reduction programs specific to Hepatitis C and Epstein-

Barr virus for liver and digestive system cancers may have oncological health benefits 

for PLWH.  

 

6.7. Future research directions 

While my dissertation research has addressed several notable gaps in the current 

literature specific to WLWH, there remain important areas of future investigations. These 

may be partially addressed by the ongoing research that has emerged as part of this 

dissertation, as well as other emerging collaborations. With the access to updated data, 

inclusion of other data sources and collaboration with other partners, these gaps may be 

addressed in a timely manner. As such, this developing program of research will be 

timely in prioritizing age-related comorbidities and the possible impact of cART care in 

addressing sex-specific health outcomes for PLWH.  

Some research suggests that PLWH with a cancer diagnosis, compared to HIV-

negative individuals with a cancer diagnosis, may be less likely to receive treatment for 

some cancers (312). Notably, these cancers being insufficiently treated may include 
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certain lymphomas and lung cancer (312, 313), which, as Chapter 5 highlights, are 

cancer types that lead to disproportionately higher mortality outcomes among PLWH 

compared to the general population. It is unclear whether the elevation of mortality risk 

among those with digestive, lymphatic system, or respiratory cancers is attributed to 

late-stage diagnosis, poor treatment uptake, or rapid progression of disease due to HIV 

status. While we were unable to assess staging or cancer treatment uptake, this is an 

important area of research for future studies investigating cancer outcomes among 

PLWH.  

Due to the lack of staging and treatment information, we were unable to 

accurately ascertain whether incident cancers occurred earlier among WLWH compared 

to HIV-negative women. As noted in previous research, the most notable differences in 

cancer incidence between PLWH and the general population occur between the ages of 

40 to 60, with this disparity decreasing after the age of 60 (12). In comparison to HIV-

negative individuals, PLWH may experience co-infections an average of 10 to 15 years 

earlier (12). The literature suggests that select NADM may occur at younger ages 

among PLWH and that they may present with more aggressive and late-stage cancers 

(281-283, 314). Contemporary amounts of morbidity among PLWH may be reduced due 

to advances in cART, although they may be experienced in a shorter, more condensed 

time period near the end of life, a phenomenon known as “compression of morbidity” 

(315). This is further supported by the fact that there is an acceleration of cancer-related 

mortality observed among PLWH. In an analysis of all-cause mortality, the median time 

between HIV diagnosis and NADM-related mortality was 8.4 years (151), significantly 

shorter than the duration observed between HIV diagnosis and other common causes of 

mortality for PLWH including liver disease and cardiovascular disease (151). Future 

studies should consider the role of HIV-related aging and immune suppression on timing 

of cancers including impact on potential induction and latency periods, as difficult as they 

are to assess.  

 Moreover, progression of pre-cancer states, such as AIN-2/3 and CIN-2/3, 

among WLWH should be further investigated, including the role of chronic immune 

suppression in accelerating progression of lesions. In our sample, we found 80 cases of 

CIN-2/3, which is an alarming proportion of women experiencing neoplasia of the cervix. 

Future studies with cytology data should be well equipped to examine the progression to 

ICC and anal cancer after lesions are identified.  
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 While certain cases of cancer, including lymphomas and cervical, were observed 

in excess among WLWH in our analyses (see Chapter 3), notably breast cancer 

incidence among WLWH appeared to be slightly lower than the incidence rates 

observed in the general population sample. This has added to a limited, but growing, 

body of literature suggesting that breast cancer risk may be reduced in WLWH, and 

there is evidence to suggest that immunosuppression may have a protective effect on 

the development of breast tumors (210). Women who were recipients of an organ 

transplant, and on long-term immune suppressive therarpy, were observed to have lower 

rates of breast cancer, providing further evidence to support that reduced breast cancer 

incidence may be at least partly attributed to immunosuppression (211).  Research 

suggests that this decreased risk of breast cancer may also be attributed to under-

screening of marginalized populations (196). However, considering reports that some 

WLWH may be under-screened for breast cancer and evidence that WLWH with breast 

cancer may be enrolled in care with more advanced disease (180, 196, 207, 208), we 

may be cautious to advise of any deviation from current mammography guidelines for 

WLWH.   

Finally, as our research was not able to control for known confounders, research 

that can control for known confounders, such as smoking and HPV status, will be vital to 

addressing the main drivers of observed increased cancer risk among populations of 

MLWH and WLWH.  

6.8. Conclusions  

In the current cART era, which is defined by reduced pill burden, less toxicity, 

and superior therapy regimens, and where treatment guidelines call for cART initiation 

immediately after HIV diagnosis, WLWH are living longer, yet are increasingly impacted 

by cancer-related morbidity and mortality. To appropriately address the elevated rates of 

cancer experienced by WLWH, special attention must be paid to cancer risks such as 

co-infections (such as with HBV, HCV, HPV) and chronic immune suppression. Included 

in this dissertation are recommendations for clinical care to include more progressive 

screening for HPV-related cancers, vaccination programs targeted to WLWH, and future 

research initiatives which may fill knowledge gaps relating to progression and timing of 

cancers. This dissertation research has significantly contributed to the body of literature 

around cancer morbidity and mortality among WLWH in high-resource areas and has 
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strengthened motivation for clinicians to support comprehensive, age-related care for 

WLWH across the life course. 
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