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Introduction 

What first started as an epidemic in the eighties, escalated during the nineties to a still ongoing 

global pandemic despite huge national and international efforts (1). The initial scope of HIV 

research was focused on treating acquired immune deficiency syndrome (AIDS) defining 

conditions, developing effective tolerable antiretroviral drugs, hindering further spread of the 

infection, maintaining viral suppression and improving short term survival. In general, these goals 

were largely accomplished in the mid-nineties with combination antiretroviral therapy (cART). Still, 

in 2016, after decades with multiple strategies and treatment advances, an estimated 36 million 

individuals were infected, 1.8 million were newly infected with HIV and an estimated one million 

people died (2). Evidently, the burden of the pandemic is still very eminent and has led to a global 

treatment target launched by the UNAIDS in 2017. Rooted in the basic fact that “It will be 

impossible to end the epidemic without bringing HIV treatment to all who need it”, using cART as 

prevention and supported by statistical modelling, the ambition is to end the epidemic in 2030 by 

globally diagnosing 90% of all infected, initiate cART in 90% of all diagnosed with HIV and achieve 

viral suppression in 90% of those in treatment in order (3). A disproportional large part of this 

challenge lies upon sub-Saharan Africa where both diagnosing HIV and cART coverage remains a 

huge problem but also Eastern Europe and Central Asia are facing large challenges (4,5). Still, if 

these challenges are overcome, pre-exposure prophylaxis is widely introduced and the elimination 

threshold of one new HIV infection per 1000 individuals per years is achieved, studies indicate that 

the 90-90-90 goals could be feasible (6–9).  

In countries where cART coverage is moderate to high, the number of newly infected has declined 

or plateaued along with increased survival (3,10,11). As a consequence of this, the population of 

HIV-infected individuals is increasing and in developed countries with high cART coverage, the 

expected life span of HIV-infected individuals is, in general, comparable to that of uninfected 

individuals and the main causes of death similar those of uninfected individuals (12–15). Thus, the 

HIV infected population is aging and a considerable proportion of HIV-infected individuals is now 

above 50 years old (16–18). Following this, the focus of HIV research has shifted from treating 

severely immunocompromised individuals, AIDS defining diseases, HIV-infected mothers and 

children towards age-related non-communicable diseases comorbidities like non-AIDS defining 
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cancers (NADC), diabetes and cardio vascular disease (CVD), which occur more frequently in HIV-

infected individuals than in un-infected individuals (19–25). Still, a large percentage of HIV-

infected individuals in developed countries continue to present with AIDS defining conditions 

and/or low CD4 cell count at the time of HIV diagnose complicating treatment, care and the 

prognosis of these individuals, why research in this area continues to be relevant (26–30).  

The objective of this dissertation is to discuss and interpret the results from the publications 

included in this dissertation in relation to existing research. The topics discussed will be non-AIDS 

defining cancer (NADC), mortality with focus on persistently low CD4 cell count and antiretroviral 

treatment, namely integrase strand transfer inhibitors (INSTIs), pill burden and cART as 

prevention. All studies and discussions mentioned in this dissertation concern infection with HIV-1. 
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The Danish HIV Cohort Study 

With the exemption of [III], all my studies included in this dissertation are based on data from the 

Danish HIV Cohort Study (DHCS) in the period 1995-2014. DHCS was at that time an open national 

cohort study. The cohort is partly prevalent including all HIV-infected individuals alive per January 

1. 1995 and partly incident including all newly diagnosed and immigrated HIV-infected individuals 

under care in one of the specialized departments in Denmark since January 1, 1995 (31,32). The 

cohort is unique in being national, thereby reducing selections bias significantly and allowing 

statistical analyses on population level. The unique personal identification number of people living 

in Denmark allows researchers to correlated personal data from the many Danish national 

registries (33). In this dissertation, data from the following Danish national registries were used: 

Danish Civil Registration System [ I, II], Danish Cancer Registry [I, II] and The Danish Register of 

Causes of Death [I, II]. [V] also included data from the Danish HIV Sequence Database and Hospital 

Pharmacy of the Capital Region (16). Detailed descriptions of DHCS and the Danish national 

registries used can be found here (34–39). Observational data from two international cohort 

collaborations ART-CC and COHERE, which includes HIV-infected individuals from mainly Europe 

and North America is used in [III](40,41). 

All my studies included in the dissertation are observational cohort studies. Given the nature of 

observational studies, knowledge can be extracted using statistical analysis to evaluate the 

strength of associations between exposure and outcomes. Contrary to randomized clinical trials 

(RCT), confounding cannot be eliminated in observational studies. In this dissertation, this has 

been sought overcome by adjusting the statistical analysis on the most important characteristics 

when possible, as well as by stratified analyses [I, II, III, IV, V, VI,]. In [I] and [II] cohorts of uninfected 

individuals are included, these have been matched on age and gender. In [I] and [II] the primary 

outcome is time to a diagnosis of lung cancer and head and neck cancer (HNC), respectively. The 

cumulative incidence function was used to illustrate this, recognizing  death or a diagnosis of 

another cancer as a competing risk (42). The outcome in [III] is time to all-cause mortality, which 

was estimated using the Cox proportional hazards model and Kaplan-Meiers cumulative hazard 

function (43,44). In [III], cause specific mortality analysis was performed using a competing risk 

model as describe by Fine and Gray (45). In [I] and [II], the Cox proportional model was used to 
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estimate relative risk and risk factors for lung cancer HNC rather than all-cause mortality, which 

does not take the competing risk of death or other outcomes into consideration. This may led to 

overestimation of the relative risk (46). Still, the overall impact of this bias should not be large, as 

the overall survival in the study period has improved dramatically due to cART and the median age 

of the study populations were below 40 years. 

Aside from the inherent problems, when interpreting result from cohort studies, a weakness of 

DHCS is its relatively small size, which limits statistical precision when looking at rare events. This 

especially affects the results in [I] and [II]. Still, while the number of outcomes in [I] and [II] were 

scarce among the HIV-infected individuals, the incidences were relative to a population-based 

cohort matched on age and gender, thereby adding strength to the estimate. Also, the prevalent 

part of the cohort may introduce a healthy survivor bias. 
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HIV 

A cluster of Pneumocystis carinii (now recognized as a distinct species Pneumocystis jirovecii) 

pneumonias (PCP), an otherwise rare disease almost only seen in individuals with severely 

weakened immune system, in five otherwise healthy homosexuals initially led to the suspicion of 

an epidemic in 1981 (47). The causative agent was identified as a retrovirus in 1983 and named 

HIV-1 in 1986 (48). HIV-1 infects CD4-expressing T-lymphocytes and macrophages leading to 

chronical infection and CD4 cell depletion which in turn lead to immunodeficiency and AIDS. 

Depending on the stage of immune deficiency, the most frequent AIDS defining manifestations 

before cART were esophageal candidiasis, PCP, cytomegalovirus retinitis, HIV wasting syndrome, 

Kaposi´s sarcoma, AIDS dementia, Mycobacterium avium infection and Non-Hodgkin Lymphoma 

(7–9). The introduction of opportunistic infection prophylactics and most importantly cART around 

1995 resulted in a substantial decline in the incidence of these disease among HIV infected 

individuals (52–57). Besides this, treatment and care for HIV infected individuals quickly advanced 

with new and improved diagnostic tools, drugs and algorithms for treating these previously rare 

diseases (58–65). Early on it became apparent that maintaining a high CD4 cell count though 

continuous cART treatment reduced the incidence of AIDS defining diseases significantly (49,66,67). 

Over time the threshold for initiating cART has increased following studies showing that even HIV-

infected with high CD4 cell counts (>500 cells/mm3) have an increased risk of both serious AIDS-

related and serious non–AIDS-related events (67–71). In the late cART era where options of more 

potent, tolerable and less toxic ARVs combined were available, cohorts and cohort collaborations 

with increasingly longer follow-up time have been able to demonstrated increasing survival, in 

optimal settings even comparable to that of the background population (12,13,72–74). 
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HIV and non-AIDS defining cancers 

AIDS and non-AIDS defining cancers 

Before the introduction of cART, the main risk of cancer in HIV-infected individuals was 

constituted by Kaposi sarcoma (KS) and non-Hodgkin Lymphoma (NHL), which are AIDS defining 

and occurs considerably more often in HIV-infected individuals compared to uninfected (49–

51,75). Eventually, also cervix cancer was recognized as an AIDS defining disease (76). All AIDS 

defining cancers (ADCs) are caused by or linked to latent oncogenic vira (HHP-8, EBV and HPV) and 

inversely related to CD4 cell count (77–82). Consequently, the introduction of cART reduced the 

incidence of ADCs markedly (24,83,84). Further, adherence to screening programs of HIV infected 

women has reduced the incidence of invasive cervical cancer to a level comparable to that of HIV-

negative women (77,85–87).  

The reduced incidence of ADCs after cART was followed by a surprisingly increased incidence of 

certain NADCs like anal cancer, liver cancer, Hodgkin’s Lymphoma, lung cancer and head and neck 

cancer (HNC), and NADC are now one the most common causes of death in HIV-infected 

individuals (19,75,77,78,88–91). Although these cancers are also common to uninfected individuals, 

the risk appears to be 2-19 times higher in HIV-infected individuals depending on the cancer type 

(19,21,92). Although several of these cancers are caused by or linked to oncogenic vira (EBV, HCV, 

HBV, HPV), lung cancer and in part HNC are not directly (93–95).  While traditional risk factors like 

smoking, drug use and alcohol affect the incidence of lung cancer and HNC, a similar cancer 

incidence pattern is also observed in individuals with immunosuppression after organ 

transplantation. Therefore an association with NADCs and immunosuppression, perhaps through 

accelerated aging due to chronic infection and inflammation, has been hypothesized (19,96,97). 

Lung cancer and head and neck cancer and smoking 

The two- to three-fold increased risk of both lung cancer and HNC has been confirmed in Danish 

HIV-infected individuals compared to age and gender matched population controls (Figure 1 and 

2) (Incidence rate ratio (IRR) 2.38 (95% CI; 1.61 - 3.53) and IRR 3.05 (95% CI 1.81–5.15), 

respectively) [I, II] (19,25,98–104).  
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Figure 1. Cumulative incidence function for lung cancer among HIV-infected individuals and 

population controls matched on age and gender. 

All though the main risk factor for both types of cancer is smoking, as well as alcohol consumption 

for HNC, data on these confounders were initially limited, especially in the control populations and 

most studies were therefore seriously flawed by residual confounding since differences in tobacco 

consumption and other behavior that could contribute to the increased risk [I, II] (19,25,98–

102,102,103,105). Still, the studies showed that lung cancer and HNC rarely occurred in HIV infected 

non-smokers. In 2014, a study published by Helleberg et al on the same HIV-infected population as 

in [I, II] including data on smoking, demonstrated that no increased risk of a composite of all 

smoking related cancers (lung, head and neck, bladder and esophagus cancer) were seen among 

HIV-infected individuals who never smoked. The study also demonstrated an increased risk of a 
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Figure 2. Cumulative incidence function for head and neck cancer among HIV-infected 

individuals and population controls matched on age and gender. 

composite of all smoking related cancers in ever smoking HIV-infected individuals compared to 

ever-smoking population controls (adjusted IRR 2.95 (95% CI; 1.67–5.19))(21). As the study did not 

have data on the duration of smoking or daily number of cigarettes smoked, the authors note that 

the increased risk could be explained by a higher number of current smokers among the HIV-

infected individuals in Denmark but an synergistic effect of traditional risk factors and HIV 

infection on the risk of lung cancer cannot be ruled out (21). Also, Lea Shepherp et al from the 

D:A:D study have demonstrated that the incidence of lung cancer remain high more than one year 

after smoking cessation, somewhat opposite to the effect generally observed in uninfected 

individuals who cease smoking (106–110). In addition, other studies have demonstrated an 



10 

 

increased risk of lung cancer in HIV-infected individuals independent of tobacco use related to 

immunodeficiency,  even though the extensive use of tobacco in the HIV-infected population 

compared to the non-HIV infected individuals is well established both in Denmark and elsewhere 

(98,111–114).  

The impact of immunodeficiency on lung cancer  

Several studies have demonstrated an association between virus-related NADCs and 

immunodeficiency, namely Hodgkin lymphoma, anal cancer, cervix cancer, hepatocellular 

carcinoma in HBV co-infected individuals but also for lung cancer(25,114,115,130–134). For lung 

cancer, the association has been shown for both nadir and current CD4 cell count which increases 

the relative risk [I] (21,98,115). Although no studies have identified prolonged low CD4 cell count 

in time-updated analyses as a risk factor for lung cancer, some studies found that low cumulative 

CD4/CD8 ratio was a strong predictor (98,111,120). In studies adjusted for smoking, the effect of 

low CD4 cell count on the risk of lung cancer have persisted in most but not in all (98–

100,105,111,121). Helleberg et al demonstrated an excess risk of smoking-related cancers among 

ever-smoking HIV infected individuals compared to ever-smoking population controls but close to 

zero smoking-related cancers among never-smoking HIV-infected individuals (111). This may be 

due to residual confounding (differences in tobacco consumption) but lack of oncogenic control 

due to immunodeficiency cannot be ruled out. This is supported by the findings of other studies 

showing that, 1) the risk of lung cancer among individuals on cART with a CD4 cell count >500 

cells/mm3 is comparable to that of the background population and, 2) the incidence of lung cancer 

has decreased following the increasing use and earlier initiation of cART, while the use of tobacco 

appears not to have decreased (75,112,122,123). On the other hand, declining CD4 cell count 

caused by undiagnosed lung cancer could explain the association between low CD4 cell count with 

lung cancer in HIV infected individuals (124). Additionally, bacterial pneumonia is a known risk 

factor for lung cancer and since HIV infected individuals have an increased risk of lung cancer 

inversely related to CD4 cell count, this has been proposed as another explanation for the possible 

relation between low CD4 cell count and the increased risk of lung cancer (120,125–127).  Still, the 

risk of bacterial pneumonia is also higher in smokers in general and an interaction between low 

CD4 cell count and heavy smoking in HIV infected individuals cannot be ruled out (128). So, while 
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the association between low CD4 cell count and lung cancer is established to some degree, the 

causal mechanisms behind the association are less clear and a matter of discussion. 

Also, mortality seems to be affected by HIV infection since infected individuals with lung cancer 

had a higher relative mortality (Mortality rate ratio (MRR) (95%CI); 2.33 (95%CI; 1.51 - 3.61)) 

compared to uninfected individuals with lung cancer. This has also been demonstrated by studies 

on larger HIV-infected populations (129–131). This suggests that immunosuppression plays a role in 

cancer progression and perhaps enhances the risk of complications to chemotherapy also in 

cancers that are not associated with viral infection. 

Head and neck cancer, HPV and immunodeficiency 

HPV infection is a well identified risk factor for HNC at certain sites (oropharyngeal cancer) and 

considered a separate disease entity with increasing incidence and a different prognosis 

(93,132,133). The increased incidence is possibly related to HPV infection due to changes in sexual 

behavior (134–136). HIV-infected individuals have a higher prevalence and persistence of HPV 

infection, partly related to low CD4 cell count, sexual behavior and smoking (137,138). 

Correspondingly several studies have demonstrated an increased risk of HPV related HNC in HIV-

infected individuals, although the increased risk appears modest compared to the risk of non-HPV 

related HNC and not clearly associated with low CD4 cell count [II] (25,101,139,140). The overall 

impact of low CD4 cell count on the incidence of HNC are somewhat conflicting 

[II](21,139,141,142). Large cohorts studies have demonstrated an association between the 

incidence of HNC in HIV-infected individuals and low CD4 cell count as well as a decrease in 

incidence over time following increased use of cART (139,140,143).  Still, these studies may have 

several confounders, among these most importantly lack of adjustment for smoking which seem 

to have a larger impact than low CD4 cell count or AIDS [II] (21,25). 

The risk of lung cancer and head and neck cancer in parents 

Parents to uninfected individuals also have an increased risk of lung cancer and HNC [I, II](Figure 3 

and 4). This implies a family related association between HIV infection and increased risk of  
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Figure 3. Cumulative incidence of lung cancer among parents of Danish HIV-infected individuals 

and parents of age and gender matched population controls. 

smoking-associated cancer. An increased incidence of myocardial infarction is also observed in 

HIV-infected individuals and their parents (144). While none of these results include data on 

genetics, alcohol consumption and smoking, we do know that HIV-infected individuals have a 

higher prevalence of tobacco, alcohol and illicit drug use (21,111,112). Smoking is linked to risk-

taking behavior, which is moderately to strongly related to heritability and offspring of smokers 

have a four times higher risk of initiating smoking (145,146). It therefore seems likely that smoking 

is the family related risk factor behind the increased risk of smoking related cancer in HIV-infected 

individuals and their parent, although other family or environmental factors are possible too.   
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Figure 4. Cumulative incidence of head and neck cancer among parents of Danish HIV-infected 

individuals and parents of age and gender matched population controls. 

Summary and perspective on HIV and non-AIDS defining cancers 

While the association between immunodeficiency, cancer and oncogenic virus seems clear, the 

findings concerning namely non-virus-related NADCs indicate a more complex association with 

immunodeficiency (147). Several mechanism like decreased immune surveillance of de novo 

oncogenic transformation and malignant cells as well as chronic inflammation and immune 

activation has been proposed (148). The effect of low CD4 cell count on lung cancer is 

controversial and may be due to residual confounding or a complex interaction between smoking 

and immunodeficiency. Either way, as hardly any cases of smoking related NADCs occurs in HIV-

infected individuals who has never smoked, the potential impact of smoking cessation is massive 
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and should be a top priority. Accelerated aging in HIV-infected individuals due to chronic immune 

activation and immune dysregulation has been proposed as a causality for the increased incidence 

of non-AIDS defining cancer in HIV-infected individuals (149). A recent study in Lancet HIV from 

the DHCS confirmed the increased risk of age related comorbidities in HIV-infected individuals but 

showed no sign of acceleration of the relative risk over time (23).  

Immediate initiation of cART, which is now recommended globally in guidelines, will probably 

continue to reduce the incidence of OIs, ADCs and virus related NADCs, although the causality is 

not completely clear (123). Further reduction of ADCs and NADCs will be achieved by smoking 

cessation, treatment of HBV and HCV, HPV screening programs and HPV vaccination. 
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Incomplete CD4 recovery 

Mortality and low CD4 cell count 

Early in the epidemic, a low CD4 cell count was identified as a reliable prognostic marker for AIDS 

and death with a staggering mortality rates up to 72.6 (62.3–82.9) deaths per 100 PYRS in 

individuals with CD4 cell count < 50 cells/mm3 (150). Accordingly, HIV-infected individuals with low 

CD4 cell counts also experienced the largest impact of cART but the general reduction in mortality 

among HIV-infected individuals was striking (12,13,73,74,150,151). Although survival in general 

has improved tremendously, a low CD4 cell count remains a strong predictor for increased 

mortality and morbidity. After cART initiation and virological control, the CD4 cell count in general 

increases 20 to 50 cells/mm3 per month in the first six months and then five to ten cells/mm3 per 

month between six months and 24 months depending on baseline CD4 cell count and continues to 

increase over years (152–155). While this holds true for most HIV-infected individuals, some HIV-

infected individuals fail to increase CD4 cell count readily, termed incomplete CD4 recovery. 

Although persisting viral replication is a strong predictor for AIDS and death, also successfully 

treated HIV-infected individuals with undetectable viral load (VL) and incomplete CD4 recovery 

proved to have a worse prognosis. In 2000, Grabar et al brought attention to the subject by 

elegantly stratifying HIV-infected individuals into four categories according to immunologic (CD4 

cell increase >= 50 cells/mm3) and virologic response (a decreased from baseline VL  of more than 

1 log10 copies/mL or a plasma HIV RNA level less than 1000 copies/mL) six months after cART 

initiation (160). Not surprisingly, individuals who failed to both suppress VL and increase CD4 cell 

count sufficiently at six months had the worst prognosis, but unexpectedly they found that having 

incomplete CD4 recovery but sufficient VL suppression had a larger impact on survival than 

complete CD4 recovery but insufficient VL suppression. Individuals with incomplete CD4 recovery 

but sufficient VL suppression had an relative risk of clinical progression of 1.98 (95%:CI, 1.26 to 

3.10) compared to those with both sufficient CD4 recovery and VL suppression (follow-up at 30 

months) (160). Following this, several studies confirmed the findings of Grabar et al using both 

different increases in CD4 cell count over time and absolute CD4 cell counts at predefined time 

points as definition of incomplete CD4 recovery (57,60–62). Still, most of these studies did not use 
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baseline CD4 cell count as inclusion criteria, had short periods of viral suppression and mainly 

estimated short-term effects of changes in CD4 cell count on the clinical outcomes. 

Long-term mortality and incomplete CD4 recovery 

While short-term virological and immunological response to cART treatment was a well-

established predictor for clinical progression, the prognosis for HIV-infected individuals with long-

term incomplete CD4 recovery was less elucidated and clinicians disagreed whether this had an 

impact on survival or not, provided that the HIV-infected individuals were virally suppressed. In 

2010, a study from DHCS demonstrated that nearly one out of five did not achieve a CD4 cell count 

above 200 cells/mm3 after three years of sustained viral suppression and that this population had 

an increased MRR of 3.4 (95%CI; 1.4 - 8.0) after adjustment for age compared to those with 

complete CD4 recovery (166). Stratified analyses showed an excess mortality in injection drug 

users and individuals with prolonged immunosuppression before cART initiation. Still, the results 

lacked statistical power. Subsequently, two studies on incomplete CD4 recovery were published. 

First, a Canadian study with almost identical design (only two years of viral suppression) confirmed 

the finding (adjusted MRR 2.69 (95% CI: 1.26 to 5.78))(167). While the study population in this 

study was comparable to that in the study by DHCS in term of age, gender and IDU, they were also 

cART naïve HIV-infected individuals with a median CD4 cell count of 171 (IQR; 80–252) cells/mm3 

included after the year 2000 whereas almost 50% of the study population in the study by Engsig et 

al were diagnosed before 1995, had a nadir CD4 cell count of 40 cells/mm3and 80% had been 

treated with zidovudine (166,167). So, the trend of higher mortality in HIV-infected individuals 

with incomplete CD4 recovery appeared to be high in both cART naïve and experienced. In 2012, a 

study from the Dutch ATHENA cohort using a design with two years of viral suppression (VL<500 

copies/ml) showed that HIV-infected individuals with incomplete CD4 recovery had a considerably 

increased risk of cardiovascular events, malignancies, liver cirrhosis, AIDS or death (composite 

endpoint) particular due to cardiovascular events but this was also flawed by lack of statistical 

power(168). Also, a trend towards an increased risk of non-AIDS-defining malignancies and non-

AIDS defining diseases was found in this study although not significant. 

Besides lacking statistical power and/or did not including causes of death, both the Canadian and 

the Dutch study defined baseline as the end of the suppressed period (two years) instead of the 

start of the suppressed period thus allowing for decline in CD4 cell count from above 200 to below 
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200 cells/mm3 in the suppressed period. This could represent a bias since decline in CD4 cell count 

is associated with increased risk of CVD, cancer and death (169). In order to confirm the above-

mentioned results with a higher degree of statistical precision and come closer to an 

understanding of the mechanism behind the increased mortality in HIV-infected individuals with 

incomplete CD4 recovery, a study with a similar stringent design as that from DHCS was performed  

with data from the first collaboration between the two large cohort collaborations COHERE and 

ART-CC [III](166). This large cohort study, which included study participant from more than 

100.000 HIV-infected individuals, confirmed an adjusted MRR of 2.60 (95% CI, 1.86–3.61) in 

individuals with incomplete CD4 recovery [III]. The MRRs for CD4 cell count > 200 cells/mm3 and 

<= 500 cells/mm3 did not differ significantly compared to those who achieved a CD4 cell count > 

500 cells/mm3 [III](Figure 5).  

 

Figure 5. Cumulative probability of survival of HIV-infected individuals stratified by CD4 count at 

the end of the virally suppressed period: ≤200 cells/mm3 (full line); 201–350 cells/mm3 (broken 

line); 351–500 cells/mm3 (dotted line); and >500 cells/mm3 (broken and dotted line). 

CD4<200  cells/mm3  ____ 

CD4 201-350 cells/mm3     ------- 

CD4 351-500 cells/mm3 .……. 

CD4 >500  cells/mm3 _._._. 
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The increased mortality was consistent in all strata and sub-analyses, indicating that no single 

characteristic included in the model, aside from the CD4 cell count, can explain the increased 

mortality. 

Besides an increased risk of AIDS, there were in [III] an elevated risk of both non-AIDS and AIDS 

related causes of death, namely from hepatitis and non-AIDS cancer (Table 1). 

 

 

 

Causes of death 

 

No. (%) of deaths according to 

CD4 count at end of 

suppressed period 

 

HR  

(95% confidence interval) 

≤200 cells/µL  >200 cells/µL Unadjusted Adjusted*    

All  41 (100) 80 (100) 3.05 (2.10- 4.44) 2.52 (1.71-3.70) 

AIDS defining causes  4 (9.8) 7 (8.8) 3.39 (0.99-11.57) 2.75 (0.78-9.69) 

Non-AIDS defining causes  26 (63.4) 49 (61.3) 3.14 (1.95-5.06) 2.61 (1.61-4.23) 

Hepatitis 5 5 5.95 (1.72-20.56) 6.76 (1.93-23.74) 

Non-AIDS cancer 14 23 3.50 (1.73-6.95) 2.89 (1.44-5.28) 

Other causes of death** 6 21 1.69 (0.68-4.18) 1.24 (0.50-3.12) 

Unnatural causes of death 3 (7.3) 8 (10.0) 2.27 (0.60-8.57) 2.07 (0.54-7.97) 

Unknown causes of death 8 (19.5) 16 (19.5) 3.00 (1.28-7.01) 2.34 (0.98-5.59) 

 Adjusted for gender and age (<=50 years vs. >50 years) 

**Other causes of death for patients with CD4 count ≤200 cells/µL were; 2 related to infection, 2 related to cardiovascular disease, 2 related to 

digestive system disease. Other causes of death for patients with CD4 count >200 cells/µL were related to infection (5) lung diseases (2), 

cardiovascular diseases (9), digestive system diseases (2), central nervous system diseases (2) and renal diseases (1). 

Table 1. Cause-specific mortality rate ratios comparing HIV-infected individuals (ART-CC only) 

with CD4 cell counts <200 cells/mm3 versus ≥200 cells/mm3 at end of suppressed period. 
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While the causality in persistently low CD4 cell count, AIDS defining disease and death seems 

obvious, the association between low CD4 cell count and non-AIDS defining diseases and death is 

not entirely clear. Several other studies in the late cART era have demonstrated an increased risk 

of non-AIDS defining diseases, namely cardiovascular disease and NADC, related to low CD4 cell 

count[II, III] (19,20,115,144,170). So, an increased risk of death from this cause in HIV-infected 

individuals with incomplete CD4 recovery is perhaps not surprising. However, an increased 

incidence of cancer and cardiovascular disease is also seen in non-HIV infected immunosuppressed 

populations, like organ transplanted recipients, suggesting that immunodeficiency or chronic 

inflammation is involved in the causality (19). Finally, the impact of traditional risk factors like the 

use of tobacco on mortality, CVD and non-AIDS cancer has been thoroughly demonstrated in HIV 

infected and an association between low CD4 count and the use of tobacco has been 

demonstrated (21,22,111,168). Thus, not being able to control for the use of tobacco in [III] is a 

significant weakness which could have confounded the results. 

Risk factors for incomplete CD4 recovery 

 [III] confirmed that older age, type of HIV transmission, low CD4 count and longer time to viral 

control are risk factors for incomplete CD4 cell recovery (156,171,172). Besides the impact of age 

and thymus size, the exact mechanism behind insufficient immune recovery is not known and 

efforts to increase CD4 recovery have remained futile (158,173–175). No significant differences in 

terms of CD4 increase between the different antiretroviral drug classes has been demonstrated 

(171,176–178). Still, an accumulating body of evidence shows that for most HIV-infected 

individuals on cART, the CD4 cell count continues to increase over time regardless of baseline CD4, 

although full CD4 recovery may not happen for patients with very low baseline CD4 cell count 

(153,155,179–181). 

Summary and perspective on incomplete CD4 recovery 

HIV-infected individuals with incomplete CD4 recovery have an increased long-term mortality due 

to both AIDS and non-AIDS related causes of death. The mechanism behind this is not completely 

understood but could be related to a combination of traditional risk factors and 

immunodeficiency. Although HIV-infected individuals with long standing incomplete CD4 recovery 

are a minority, the problem is most likely persisting as the yearly incidence of HIV in western 

countries shows little decline and since 20-30% of the newly diagnosed HIV infected individual 
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continues to present themselves with a CD4 cell count below 200 cell/mm3 or advanced HIV 

disease (26–28). Evidently, earlier diagnose of HIV and early initiation of cART is warranted to 

change this situation but also closer monitoring for non-AIDS related diseases and steps to 

promote cessation of tobacco use is warranted in this population.   
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Antiretroviral treatment 

Combination antiretroviral treatment 

The development of the first active NRTI, zidovudine, targeting the reverse transcriptase enzyme 

and thereby blocking incorporation of the virus in host cell DNA, was a huge breakthrough, proving 

that HIV infection was treatable. Other NRTIs followed but it soon became apparent that the use 

alone and in duo therapy with other NRTIs only had temporary effect in terms of viral suppression 

and survival, leading to resistance associated mutations (RAMs), which complicated future 

antiretroviral treatment (182–189). Side effects and especially the discovery of cART to circumvent 

the inherent ability of HIV virus to develop drug resistance and maintain viral suppression lead to 

an urgent need of new classes of ARV drugs.  

The second ARV drug class was protease inhibitors (PIs), which in combination with 2 NRTIs 

attained sustained viral suppression and increasing CD4 cell count resulting in prolonged survival 

and was a huge breakthrough (190–195). Opposed to the first generation of PI´s, the second 

generation is better tolerated and have a higher barrier for viral resistance (namely darunavir), 

especially when boosted (190,192,196,196–205). Non-nucleotide reverse transcriptase inhibitors 

(NNRTI) were the third class of ARV drugs to be approved with nevirapine in 1996 (195). The first 

generation of NNRTIs, namely efavirenz, which proved superior to nevirapine, was highly effective 

and widely used in combination with two NRTIs (206–209). Second generations NNRTIs rilpivirine, 

etravirine and doravirine do not have same CNS side effects seen in efavirenz but share the same 

drug interactions and pharmacokinetics (long plasma half-life) as first generation NNRTIs 

(208,210–215). Alongside the development and introduction of PIs and NNRTIs, new NRTIs were 

developed without the mitochondrial side effects seen in the first generations of NRTIs 

(95,216,217). The newer NRTIs are in general highly effective and tolerable and have a synergistic 

effect in combination with other ARV drug classes resulting in a high efficacy why they remain the 

back bone of HIV treatment (207,218–224). Entry inhibitors was the fourth class of ARVs 

introduced in 2003 but are only used under special circumstances due to the route of 

administration of enfurvirtide (injection) and the tropism of maraviroc (225–228).  



22 

 

Integrase strand transfer inhibitors 

Following high efficacy of newer ARVs, better adherence due to fewer side effects and low pill 

burden, the risk of triple-class failure has decreased since the early cART era but it is not 

insignificant (152,153,229–232). Especially HIV-infected individuals exposed to the early 

generations of ARV drugs are more likely to harbor RAMs against one or more of the three drug 

classes NRTIs, PIs and NNRTIs (229,230,232–234). In case of virological failure, recommendations 

for salvage therapy consists of a cART regime including at least two, and preferably three, fully 

active ARV drugs (235). Notably for HIV-infected individuals with triple-class resistance, this posed 

a serious problem in the the first years of the millennium and emphasized the need for new ARV 

drug classes or new drugs from the old classes with no or little cross resistance to the older drugs. 

The first integrase strand transfer inhibitor (INSTI) raltegravir (RAL) was approved by the FDA in 

2007 and since then elvitegravir (2012), dolutegravir (2013) and Bictegravir (2018) has followed 

(236–238).  The approval of RAL was based on to two clinical randomized, placebo-controlled 

phase III international trials (BENCHMRK I and II) conducted on HIV-1 infected patients failing 

therapy with triple-class RAMs comparing OBT/placebo with OBT/RAL (239–242). The regimen 

including RAL had superior antiretroviral activity (virological response <50 copies/ml at 24 weeks 

58% and 65% for BENCHMRK 1 and 2 respectively, versus 32% and 32% in the placebo group), 

higher increase in CD4 cell count and no differences in observed adverse events compared to the 

placebo/OBT. As in most RCTs, these studies were conducted in selected populations but was soon 

followed by a Danish observational study (intention to treat) demonstrating that the clinical 

progression, immunological and virological response in individuals with triple class failure who 

switched to a cART regimen containing raltegravir was comparable to that of naïve HIV-infected 

individuals initiating a first line cART regime [IV].  A substantial CD4 increase was observed, 

exceeding that seen in the TRIO trial (in spite of comparable baseline CD4 cell count) perhaps due 

to the the discontinuation of zidovudine in a large proportion of the patients prior to salvage 

therapy or a healthy survivor phenomenon (243). Like in both the BENCHMRK studies and the 

ANRS 139 TRIO trial, most of the included HIV-infected individuals in [IV] initiating a RAL 

containing regime, simultaneously initiated darunavir and in some cases etravirine why the effect 

of RAL is hard to differentiate (240,244). While the study population was small in [IV] and follow-

up limited to 72 weeks, both the BENCHMRK study and the ANRS 139 TRIO trial have since showed 

a favorable long-term efficacy and safety profile (240,244,245). Since [IV], other observational 

https://www.google.com/search?client=firefox-b-d&channel=trow&q=the+first+years+of+the+millennium&spell=1&sa=X&ved=0ahUKEwi-td-0k83iAhXNa1AKHcIfAI8QkeECCC0oAA
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studies on HIV-infected individuals on a salvage regime including RAL have been published with 

similar findings (246–249). Both the RCTs and the observational studies are confounded by the 

concomitant use of darunavir, etravirine, enfuvirtide or maraviroc and switches during follow-up, 

making the efficacy of RAL had to differentiate. But, INSTIs have shown high efficacy and both RAL, 

eltegravir and dolutegravir with an NRTI backbone in cART naïve HIV-infected individuals is shown 

both in RCT and observational intention-to-treat studies to be non-inferior to efavirenz plus a NRTI 

backbone (250–253). While, RAL were initially dosed twice daily, a single dose RAL 1200 mg in new 

formulation has shown to be non-inferior to 400 mg twice daily making it an even more attractive 

option for cART naïve patients (245). In general, INSTIs have few adverse effects. Still, eltegravir 

needs boosting, which may cause more side effects from drug-drug interactions and dolutegravir 

appear to have more CNS side effects than the other INSTIs, weight gain and a possible 

teratogenic effect (254–258).  The latest INSTI, bictegravir, was approved in 2018 and has so far 

been comparable to dolutegravir in terms of efficacy and safety (259). Generally, INSTI are 

increasingly recommended for both first line therapy in cART naïve HIV-infected individuals and 

salvage regimen for cART experienced individuals (235).   

Single-tablet regimens versus multi-tablet regimens 

In early cART era, the pill burden was overwhelming and pills had to be dosed frequently, probably 

leading to poor adherence, which in turn results in virological failure, disease progress and drug-

resistance, which complicated further treatment (233,260–264). Also, selective adherence is 

possible in separate-pill regimens. Even though the most common reason for discontinuation of 

cART is adverse event and the evidence for better adherence in fewer tablet in cART regimes were 

limited, the pharmaceutical formulation of cART drifted towards fixed dose combinations (FDCs) 

containing more than one drug (86,265,266). The first marketed FDC was introduced in 1997 and 

contained a combination of lamivudine and zidovudine (267). Several FDCs followed but contained 

only drugs from the same drug class why the introduction of tenofovir disoproxil fumarate, 

emtricitabine and efavirenz combined in a once-daily pill in 2006 was quite a breakthrough due 

both to the convenience but not least, to the efficacy of the drugs included (207,268). The 

formulation soon became one of the most widely used cART regimes in Europe and North America 

and was until recent years recommended for cART naïve HIV-infected individuals [V](235,269–

271). In developed countries, the expiring of the patent on tenofovir disoproxil fumarate changed 
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this. The patent of lamivudine had already expired in 2010 and with the presumed 

interchangeability of emtricitabine and lamivudine, a solid cART regime consisting of branded 

tenofovir disoproxil fumarate, generic efavirenz and generic lamivudine was a possibility (272).  

With a steady growing population of HIV-infected individuals with life spans comparable to non-

HIV-infected individuals as well as increasingly earlier initiation of cART, both private and public 

health providers had incitement to use cheaper cART regimes with high efficacy in order to 

increase the availability of treatment to a larger number of HIV-infected individuals and reduce 

cost. The prospective was nicely illustrated by Walensky et al , whom in 2012 presented a 

mathematical model which, with conservative estimates of efficacy, estimated that, by using 

generic lamivudine and generic efavirenz in combination with branded tenofovir disoproxil 

fumarate instead of a single-tablet regime consisting of tenofovir disoproxil fumarate, efavirenz 

and emtricitabine (STR-TEE), the US would save $4000 per quality-adjusted year of life (QALY) for 

each individual on treatment in the USA, and would save the country $920 million on its annual 

drugs bill (273). Since 2012, analyses with similar results from other countries has been published 

(274,275). As lamivudine is regarded as equivalent in terms of efficacy and tolerability compared 

to emtricitabine, the switch was considered safe, but the main concern was the convenience for 

the patient and the possible effect on adherence (276–278). Few studies have directly compared 

separate-pill regimen and FDCs containing the same drugs and some are potentially biased by 

selection (e.g. switch to FDCs due to poor adherence) but meta-analyses comparing single-tablet 

regimes (STR) and FDCs, that do not contain identical drugs, have shown that HIV-infected 

individuals treated with single-tablet regimes (STR) have higher adherence and thereby an 

increased likelihood of achieving viral suppression and an improved quality of life in (279,279–

282).  

The meantime higher prizes for ART in Denmark compared to neighboring countries (combined 

with economic crisis in the ´00) led to a tender in 2010 which resulted in a considerable price 

differences between STR-TEE and the triple-tablet regimen consisting of tenofovir disoproxil 

fumarate, efavirenz and lamivudine (TTR-TEL) (283). Therefore, the Capital Region of Denmark 

recommended that HIV-infected individuals in treatment with STR-TEE were switched from April 1, 

2011 to the cheaper TTR-TEL and that also cART-naive patients eligible for STR-TEE should be 

started on TTR-TEL. With only the results of a mathematical model, no RCTs on the subject and a 

presumed advantage of STR over FDCs, this shift from STR-TEE to TTR-TEL caused some concern. 
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But, by comparing a historical population on STR-TEE with individuals switched from STR-TEE to 

TTR-TEL, DHCS demonstrated that the switch had no impact on viral suppression or CD4 cell count 

[V]. The level of virological suppression at week 48 after the switch was also comparable to that of 

HIV-infected individuals switching to STR-TEE from other regimens in older studies (284). Also, no 

difference was found in naive HIV-infected individuals initiating TEE-TEL compared to a historical 

population of cART naïve individuals initiating STR-TEE [V]. Although fewer regimens containing 

efavirenz were used in the later period where STR-TEE was not available, there was no difference 

in the fraction of switches to non–efavirenz containing regimens [V]. While lamivudine has been 

associated with a lower barrier to development of RAMs compared to emtricitabine in some 

studies, this was not observed in [V] and the two drugs are still considered interchangeable 

(277,278,285–289). Besides [V] only other unpublished study investigating the switch from STR-

TEE to TTR-TEL exists (290). In this regional British investigation 127 (47%) HIV-infected individuals 

out of 268 on STR-TEE agreed to switch to either branded tenofovir disoproxil fumarate, generic 

lamivudine and generic efavirenz or branded combination of tenofovir disoproxil fumarate and 

emtricitabine in combination with generic efavirenz. The HIV-infected individuals who refused the 

switch, did so primarily due to the convenience of a STR and were not included in the analysis. All 

HIV-infected individuals who remained in the two arms maintained a VL < 40 copies/ml at week 24 

and 48. No comparison of CD4 measurements was performed. Although only few studies are 

published on the subject it appears that separate-pill regimen in general is safe with high efficacy, 

significant cost saving and well tolerated by the HIV-infected individuals in treatment (291–293). 

Further, the impact of the use of generic ARVs and prize reduction on branded ARV have since 

lead to a considerable cost reduction of anti-retroviral drugs in Denmark (294). 

The question of de-simplification remains most relevant as it continues to challenge the 

prioritization of cost versus convenience as well as patient empowerment and their possibility to 

influence their HIV treatment. Recently, two publications have demonstrated that one of the 

currently most used STRs contains dolutegravir, abacavir and tenofovir disoproxil fumarate, which 

may safely be switched to a triple-tablet regime containing branded dolutegravir, lamivudine and 

tenofovir with considerable cost saving (292,295). While the HIV-infected individuals in [V] did not 

have a hear-say in the switch, other studies have asked the HIV-infected individuals and the 

general tendency is that most HIV-infected individuals don´t oppose a switch, referring cost 

savings as their reasoning (292,296). That said, STRs may have clear advantages in terms of 



26 

 

adherence in vulnerable subgroups (e.g. homeless, IDUs) and may be more appropriate on the 

increasingly aging HIV-infected population who receive multiple daily tablets due to other co-

morbidities or have difficulties swallowing.  So, in general a switch from branded STRs is safe, as 

well as acceptable for most the HIV-infected individuals. Another possibility is to use generic 

combination tablets which is now available in the developed countries (297,298).  

Combination antiretroviral treatment as prevention 

Besides decreasing HIV-related morbidity and mortality, cART is now widely recognized as a means 

of preventing HIV transmission both in serodiscordant couples and uninfected individuals.  

In 2008, the Swiss Federal Commission for HIV/AIDS stated, that “a seropositive person without 

additional sexually transmitted disease in antiretroviral treatment with suppressed VL cannot 

transmit HIV sexually” and that no barrier protection was needed in a setting with no sexually 

transmitted disease, cART and viral suppression for more than 12 months (299). The statement 

was based on studies that demonstrated that cART reduce the risk of HIV transmission 

considerably (300–304). Besides diminishing the concerns and fear of transmitting HIV to an 

uninfected partner by having unprotected sex as well as reducing the risks of facing legal charges 

in case of non-disclosure, it also meant that pregnancy could happen naturally without the 

washing of semen (305,306). The statement was highly discussed at the time and considered a 

gamble by some (307). Partly because viral RNA can occasionally be found in the genital tract of 

both men (semen) and women with plasma HIV RNA below detection level (although the ability to 

infect is not certain) and because most HIV-infected individuals only have their VL measured two 

to four times a year (308–311). Still, as viral suppression is a standard outcome for cART efficacy, 

numerous studies after the millennium, had shown that adult individuals on effective cART 

without compliance problems or harboring RAMs, attain viral suppression within a year and have a 

quite low risk of viral rebound (~1%), why most considered the Swiss recommendations safe 

(234,312–319). The low risk of viral failure has since been confirmed in other cohort studies [VI] 

(253,313,315). While, most studies demonstrate a further decrease in risk of viral failure 

associated with the length of the virally suppressed period, older age and calendar year for cART 

initiation, these differences are negligible [VI](313–315,319,320). Since 2008, the Swiss 

recommendations are largely implemented around the world and both observational and 
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randomized trials have confirmed that the risk of transmitting HIV in serodiscordant couples on 

effective cART is insignificant (8,321–324). 

Recently, the pre-exposure prophylactic treatment (PrEP) with cART in HIV-uninfected individuals 

at risk of HIV infection is now recommended and has been introduced in an increasing number of 

countries as randomized studies have demonstrated a further reduction of HIV transmission 

(235,325–329).  

Summary and perspective on antiretroviral treatment 

The main goal of HIV treatment is decreased HIV-related morbidity and mortality through effective 

viral suppression and the absence of serious adverse events. Besides decreasing mortality and 

morbidity in HIV-infected individuals, cART effectively prevents transmission of HIV to uninfected 

sex partners and early initiation of cART in HIV-infected individuals along with wider 

implementation of PrEP in risk groups are important means to end the HIV epidemic. Thanks to 

new drug classes like INSTIs and new more tolerable and effective ARVs within the existing drug 

classes, finding a suitable ARV combination is rarely a problem in both treatment naïve HIV-

infected individuals, and to an increasing extent in cART experienced HIV-infected individuals with 

RAMs.  Due to an increasing population of HIV-infected individuals, early initiation of cART and 

implementation of pre-exposure prophylactic treatment, finding ways to decrease cost is 

increasingly important. An effective and safe means to achieve this, is the use of generic ARVs.  
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Conclusion 

While the prognosis of HIV-infected individuals in general has improved considerably following the 

introduction of cART, HIV-infected individuals still have an increased morbidity and mortality. Of 

particular concern is the increased incidence of non-virus-related NADCs compared to uninfected 

individuals. Part of this is probably explained by traditional risk factors like smoking but also by a 

complex association with immunodeficiency, perhaps due to lack of immunological cancer control. 

Also, HIV-infected individuals diagnosed with HIV late, who do not recover completely 

immunologically despite effective cART and viral suppression, have an increased mortality due to 

both AIDS and non-AIDS related causes of death. The mechanism behind this is not understood 

but is possibly related to a combination of traditional risk factors and immunodeficiency. 

The introduction of new drug classes of ARV medicine like integrase inhibitors and new 

generations of drugs in existing drug classes, both with high efficacy and a more tolerable side 

effect profile has improved the prognosis and treatment of HIV-infected individuals. Besides 

improving morbidity and mortality among HIV-infected individuals, early initiation of cART and 

PrEP is an effective mean to prevent HIV transmission and the use of generic HIV medicine is an 

effective mean in order to balance efficacy, cost and convenience. 

In conclusion, morbidity and mortality associated with immunodeficiency and traditional risk 

factors remains a problem although the prognosis for HIV-infected individuals has improved in 

general. Still, finding a tolerable and effective cART regime has become less complicated due to 

the introduction of INSTIs and the use of generic ART can reduce the cost of medical expenses 

considerably and hopefully increase coverage. Chances are that early initiation of cART and PReP 

will decrease both morbidities related to immunodeficiency, and the incidence of HIV infections in 

near future. 
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Summary in Danish 

Siden starten af firserne har HIV epidemien udviklet sig til en global pandemi på trods af nationale 

og internationale tiltag. I det første dekade af pandemien var indsatsen fokuseret på behandling af 

AIDS definerende sygdomme, hindre yderligere spredning og udvikling af effektiv behandling, der 

kunne give vedvarende viral suppression og forbedret overlevelse. Flere af disse mål blev nået i 

midt-halvfemserne med udviklingen af kombinations antiretroviral behandling (cART) men 

smittespredning og sen diagnose af HIV er fortsat en udfordring. Efter implementeringen af cART 

og som konsekvens heraf, vedvarende viral suppression og restitution af det cellulære 

immunforsvar, så man et generelt fald i forekomsten af opportunistiske infektioner hos HIV-

smittede individer. Udover et fald i opportunistiske infektioner, så man også et fald i AIDS 

definerende kræftformer. I takt med den øget overlevelse og dermed stigende alder i den HIV 

inficerede befolkning, kunne man til gengæld observere en stigende forekomst af ikke-AIDS 

definerende kræftformer som lunge- og øre-næse-hals kræft, som ligger over forekomsten i 

baggrundsbefolkningen. Meget tyder på, at en del af forklaringen er et øget tobaksforbrug hos 

HIV-inficerede individer, men der ses også for lungekræft en association med lavt CD4 celletal, 

hvilket tyder på en synergi mellem immundefekt og klassiske risikofaktorer. Således vil lunge- og 

øre-næse-hals kræft kunne forbygges ved tidlig diagnose og behandling af HIV samt rygeophør.  

Trods betydeligt forbedret overlevelse generelt er CD4 celletallet fortsat en stærk markør for 

mortalitet og morbiditet. Langt de fleste oplever restitution af immunforsvaret efter start af cART 

men især dem, der diagnosticeres sent med HIV og er ældre når de initierer cART, er i risiko for 

ikke at stige adækvat i CD4 celle tal, trods vedvarende viral suppression. Denne subgruppe af HIV-

inficerede har en højere dødelighed end HIV inficerede individer, som stiger i CD4 celletal. Dette er 

demonstreret både i flere kohortestudier, hvor man observerede en øget dødelighed både på 

baggrund af AIDS samt ikke-AIDS definerende dødsårsager. Denne subgruppe af HIV-smittede 

individer, som har vedvarende lavt CD4 celletal, bør observeres tættere og motiveres for eventuelt 

rygestop.  

I forbindelsen med udviklingen af antiretrovirale stoffer i starten af halvfemserne, måtte man 

konstatere, at behandling med et eller to stoffer hurtigt resulterede i udvikling af antiretroviral 

resistens. Af denne grund består HIV behandling, som udgangspunkt, af en kombination af to 
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nukleosidanaloger og et antiretroviralt middel fra en anden stofklasse. På baggrund af tidligere 

udviklet resistens, transmitteret resistens eller andre problematikker som for eksempel 

bivirkninger, er der et behov for nye antiretrovirale stofklasser og nye stoffer indenfor kendte 

stofklasser uden krydsresistens med de ældre stoffer.  En ny stofklasse, integrase hæmmere, blev 

introduceret i 2008 og viste sig at være en effektiv del af ”rednings regimer” til HIV-inficerede 

individer med antiretroviral resistens. Dette blev vist i både randomiserede studier og 

kohortestudier, som demonstrerede viral suppression og CD4 stigning hos HIV inficerede individer 

med antiretroviral resistens, som var sammenlignelig med effekten af cART behandling hos HIV 

inficerede individer, der startede behandling for første gang.  

Behandling med cART fører til suppression af viral replikation og HIV bliver under effektiv 

behandling umåleligt i blodet. Som konsekvens heraf og støttet af estimater af lav risiko for 

tilfældigt at kunne måle HIV i blodet hos velbehandlede patienter, anbefales brug af kondom ikke 

længere hos par, hvor den ene parter er smitte med HIV og velbehandlet. Således er det ikke 

længere nødvendigt at vaske sæd i forbindelse med befrugtning og i takt med tidlig behandling af 

HIV, reduceres risikoen for videre transmission af HIV. Risikoen for smitte med HIV i 

befolkningsgrupper med højrisiko adfærd reduceres yderligere ved forbyggende behandling med 

cART (PrEP) hos individer som ikke er smittede med HIV. 

De første cART regimer var karakteriserede ved hyppige doseringer og høj pille byrde. 

Efterfølgende pille formuleringer bevægede sig mod dosering én gang dagligt af én pille bestående 

af flere aktive stoffer i kombination. I takt med øget overlevelse og tiltagende tidligere initiering af 

cART samt udløb af patenter på antiretroviral medicin, blev de-simplificering til et cART regime, 

bestående af flere piller med en generisk komponent doseret én gang dagligt, introduceret med 

udgifts reduktion til følge. I den Danske HIV Kohorte kunne man demonstrere at både behandling 

af tidligere ubehandlede HIV-smittede individer med et cART regime bestående af flere piller med 

en generisk komponent en gang dagligt samt skift fra en kombinations pille en gang dagligt hos 

HIV inficerede individer, der allerede var i behandling, var muligt og sikkert. 

Overordnet kan man konkludere, at introduktionen af cART generelt har reduceret 

sygdomsbyrden hos HIV-smittede individer og øget deres overlevelse. Trods dette, har visse 

subgrupper fortsat øget dødelighed og på baggrund af et sammenspil mellem immundefekt og 

traditionelle risikofaktorer for kræft, er motivation af ryge ophør vigtigt for at øge overlevelse og 

reducere sygdomsbyrde yderligere. I takt med tilkomst af nye ART stofklasse med høj effektivitet 
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og færre bivirkninger er det sjældent et problem at finde et effektivt cART regime til både 

behandlingsnaive og tidligere behandlede patienter med viral resistens for ART. Behandling med 

cART reducer desuden smitte med HIV og udbredelsen af forebyggende cART behandling hos HIV-

ikke smittede vil reducere HIV smitte yderligere. Øget overlevelse hos HIV-smittede individer og 

øget brug af cART også hos ikke-HIV smittede betyder øgede udgifter til medicin. Brugen af 

generisk HIV medicin vil kunne reducere denne udgift betydeligt uden risiko for de HIV inficerede 

patienter. 
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Summary in English 

Since the eighties, the HIV epidemic has developed into a global pandemic in spite of national and 

international efforts. In the first decade of the pandemic, most efforts were focused on treating 

AIDS defining diseases, impeding further transmission of the infection and developing effective 

antiretroviral treatment resulting in sustained viral suppression and improved survival. Several of 

these goals were achieved in the mid-nineties with combination antiretroviral treatment (cART) 

but ongoing transmission is still a challenge. Following the implementation of cART, a general 

decrease in the incidence of opportunistic infections in HIV-infected individuals was observed. 

Beside a drop in the rate of opportunistic infections, a decrease in the incidence of AIDS defining 

cancers was also observed. But surprisingly, an increased incidence of non-AIDS defining cancers 

like lunge and head- and neck cancer was also observed compared to the background population. 

Several things indicate that part of the explanation behind this is that HIV-infected individuals 

smoke more but there is also an association with low CD4 cell counts, which indicates a synergy 

between immunodeficiency and classical risk factors for lunge and head- and neck cancer. Thus, 

early diagnosing, treatment of HIV and stop smoking interventions could reduce the incidence of 

lunge and head- and neck cancer in HIV-infected individuals. 

In spite of an improved overall survival among HIV-infected individuals, the CD4 cell count is still a 

strong marker for morbidity and mortality. Most HIV-infected individuals experience a restitution 

of the cellular immune defense after initiation of cART but especially those diagnosed late with 

HIV or are elderly when they initiate cART, are at risk of failure to increase their CD4 cell count in 

spite of sustained viral suppression. This subgroup of HIV-infected individuals has a higher 

mortality compared to those who increase readily in CD4 cell count. This is demonstrated in both 

Denmark and in a large international cohort collaboration where an increased mortality due to 

both AIDS and non-AIDS defining causes of death was observed. This subgroup of HIV-infected 

individuals with sustained low CD4 cell count despite effective cART may benefit from closer 

follow-up.   

After the introduction of cART, a decrease in the hospitalization of Danish HIV-infected individuals 

has been observed, especially for AIDS related causes. Besides the effect of cART, re-structuration 

of the Danish health care system had an impact on the decreased hospitalization. Despite the 
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decreased hospitalization, HIV-infected individuals are still admitted and seen in outpatient clinics 

more often than individuals not infected with HIV. Furthermore, a shift from hospitalization due to 

HIV related causes to non-HIV related causes was seen.    

During the development of antiretroviral drugs in the start of the nineties, it was clear that 

treatment with just one or two drugs quickly resulted in antiretroviral drug resistance associated 

mutations. Therefore, cART generally consists of a combination of two nucleoside analogs and a 

third antiretroviral drugs from a different drugs class. Due to existing antiretroviral drug associated 

resistance mutations, transmitted resistance or other issues like adverse effects or allergy, there is 

a continued need for new antiretroviral drug classes and new drugs within existing drugs classes 

without cross resistance with older drugs. A new drugs class, integrase inhibitors, was introduced 

in 2008 and turned out to be an effective part of “salvage regimes” to HIV-infected individuals 

with antiretroviral resistance associated mutations. This was demonstrated in both randomized 

studies and one observation study from the Danish HIV Cohort Study, which demonstrated an 

efficacy comparable to that of cART in treatment naïve HIV-infected individuals initiating 

treatment. 

Treatment with cART leads to suppression of viral replication and on effective treatment, HIV RNA 

is unmeasurable in the blood. As a consequence, and supported by an estimated low risk of viral 

rebound, the use of condom can be discarded in couples where only one partner is infected with 

HIV and on effective treatment. Therefore, it is no longer necessary to wash semen for fertilization 

and following increasingly earlier initiation of cART, the general risk of HIV transmission is reduced. 

The risk of HIV transmission in high risk population groups is further reduced with pre-exposure 

antiretroviral treatment of individuals who are not infected with HIV (PrEP). 

The first cART regimens were characterized by frequent dosing and a high pill burden. Subsequent 

pill formulations moved towards once-daily dosing by one pill containing all active drugs in 

combination. Ensuing increased survival, increasingly earlier initiation of cART and drug patent 

expiration, de-simplification to cART regimens consisting of several pills with generic components 

dosed once daily was introduced with reduced expenses as a result. The Danish HIV Cohort Study 

demonstrated that treating both cART experienced and cART naïve HIV-infected individuals with a 

cART regime consisting of several pills with generic components dosed once daily was possible and 

safe. 
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In general, it can be concluded that the introduction of cART has reduced the disease burden in 

HIV-infected individuals and increased their survival. In spite of this, certain subgroups still have an 

increased mortality and an increased risk of certain non-AIDS defining cancers, possibly due to a 

synergy between immunodeficiency and traditional risk factors for cancer. An early diagnosis of 

HIV and initiation of cART along stop smoking interventions are important to increase survival and 

reduce disease burden further. Following the arrival of new drug classes with high efficacy and 

fewer adverse effects, finding an effective cART regime to both cART naïve and HIV-infected 

individuals with resistance associated mutations is less difficult. Treatment with cART reduces 

further transmission of HIV and PrEP treatment in uninfected population groups in high risk will 

reduce transmission further. Improved survival of HIV-infected individuals and increased use of 

cART are increasing medical expenses. The use of generic medicine is a means to reduce medical 

expenses considerably. 
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