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Abstract: The burden of AIDS-defining cancers has remained relatively steady for the past two
decades, whilst the burden of non-AIDS-defining cancer has increased. Here, we conduct a study
to describe mortality trends attributed to HIV-associated cancers in 31 countries. We extracted
HIV-related cancer mortality data from 2001 to 2018 from the World Health Organization Mortality
Database. We computed age-standardized death rates (ASDRs) per 100,000 population using the
World Standard Population. Data were visualized using Locally Weighted Scatterplot Smoothing
(LOWESS). Data for females were available for 25 countries. Overall, there has been a decrease
in mortality attributed to HIV-associated cancers among most of the countries. In total, 18 out of
31 countries (58.0%) and 14 out of 25 countries (56.0%) showed decreases in male and female mortality,
respectively. An increasing mortality trend was observed in many developing countries, such as
Malaysia and Thailand, and some developed countries, such as the United Kingdom. Malaysia had
the greatest increase in male mortality (+495.0%), and Canada had the greatest decrease (−88.5%).
Thailand had the greatest increase in female mortality (+540.0%), and Germany had the greatest
decrease (−86.0%). At the endpoint year, South Africa had the highest ASDRs for both males
(16.8/100,000) and females (19.2/100,000). The lowest was in Japan for males (0.07/100,000) and
Egypt for females (0.028/100,000).
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1. Introduction

The World Health Organization (WHO) defines Acquired Immune Deficiency Syn-
drome (AIDS) in people living with HIV (PLWH) either clinically (presence of stage 4 AIDS-
defining illness) or immunologically (CD4 cell count less than 200 per mm3). PLWH are at
increased risk of various forms of malignancies [1,2]. In 2019, there were around 38 million
individuals with the human immunodeficiency virus (HIV), out of which 25.4 million were
on antiretroviral therapy (ART) [3]. Several malignancies, including Kaposi sarcoma, non-
Hodgkin lymphoma, and invasive cervical cancer, are known to develop in the setting of
more advanced immunodeficiency and are collectively referred to as AIDS-defining cancers
(ADCs) [4]. With HIV infection itself as a risk factor, PLWH are also at increased risk of
various forms of non-AIDS-defining cancers (NADC) such as lung and liver cancer [5,6].
Compared to the general population, HIV-positive patients have a 1.6–1.7-fold greater risk
of developing cancer [7,8].

One plausible explanation for the association between HIV and cancer is the presence
of immunosuppression and chronic inflammation caused by viral persistence [9,10]. Low
CD4+ cell count is associated with increased cancer risk, especially NADC [11,12]. HIV
infection is associated with blockage of tumor necrosis factor, inhibition of cellular apop-
tosis, as well as cell cycle dysregulation [13–15]. Furthermore, impaired DNA repair is
more frequent in PLWH [16]. Increased prevalence of coinfection with oncogenic viruses
including Epstein Barr Virus (EBV), Human Herpes Virus 8 (HHV-8), Human Papilloma
Virus (HPV), and Hepatitis B and C Viruses (HBV, HCV) further exacerbate immune dys-
regulation [9,10,17]. Compared to the general population, HIV patients were diagnosed
with cancer at a younger age and had a worse prognosis due to advanced disease at
presentation [18,19].

Malignancies have been a significant contributor to mortality in people living with
HIV [1,2]. In a multinational collaboration study from 1999 to 2011, the leading cause of
death in HIV patients currently on treatment was AIDS-related cancer [20]. In a population-
based study conducted in the United States between 2001–2015, cancer-attributable mor-
tality was 386.9 per 100,000 person-years among PLWH. Of these deaths, 9.2% and 5% of
deaths were attributed to NADC and ADCs, respectively [4,21]. In France, malignancy was
found to cause mortality in 28% of HIV patients receiving ART [21]. Since the development
of ART in the early 1990s, these medications have become more accessible, resulting in
earlier initiation of treatment and a subsequent decrease in AIDS-related deaths. ADC rates
have followed a similar downward trend [22,23]. However, the rate of NADCs in PLWH
is increasing and may be due to the increased life expectancy in PLWH [5]. Despite this,
there remains a paucity of data to describe trends in HIV-associated cancer mortality. As
such, this is the first large-scale observational study assessing the trends of HIV-associated
cancer mortality.

This study’s objective was to describe mortality trends for HIV-associated cancers
between 2001 and 2018 using the WHO Mortality Database. Our other objectives were to
compute the absolute and relative percentage changes of mortality between the start and
endpoint, categorized by country and gender.

2. Materials and Methods
2.1. Data Sources

We utilized the WHO Mortality Database for the member nations whose data was
available. Our current study is based on our recent analysis of trends of HIV mortality [24].
The mortality data were extracted in October 2020 with available data from the WHO
mortality database from 2001 and 2018 based on the International Classification of Diseases
(ICD) version 10 coding system. Countries were categorized based on their WHO-specified
regions. We used ICD-10 code B21 for HIV-associated cancers. B21 code includes HIV
disease resulting in Kaposi Sarcoma (B21.0), Burkitt Lymphoma (B21.1), other non-Hodgkin
Lymphoma (B21.2), other malignant neoplasm of lymphoid, hematopoietic, and related
tissue (B21.3), multiple malignant neoplasms (B21.7), other malignant neoplasms (B21.8),
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and unspecified neoplasm (B21.9) [25]. For inclusion criteria, we first assessed the database
for countries with available data. Of the 194 WHO member countries, data on cancer-related
mortality in PLWH were available for 118 nations. Based on WHO Mortality Database
2009–2017 completeness data, 107 countries with completeness <20% were excluded in our
data review. Completeness in each country is reported based on the coverage of mortality
data. WHO estimates coverage by dividing the total number of deaths that have been
registered with cause of death information in the vital registration system for a country-
year by the total estimated deaths for that year for the national population [26]. We further
excluded 76 countries either because of a lack of data for five years or significant breaks
in data lasting more than three consecutive years. All countries included in our study
had more than 90% completeness of data except Malaysia (51.81%), Republic of Moldova
(79.62%), and Thailand (87.23%). We excluded all the countries from our analysis that had
less than 50% of data completeness (number of countries: 107). Details of percentage of data
completeness of all the countries included in our analysis is reported in the Supplementary
Table S1.

Crude mortality rates were stratified by gender and reported by year. Overall mor-
tality was reported without any age restrictions. We computed age-standardized death
rates (ASDRs) per 100,000 population using the World Standard Population and world
average age structure for 1998 [27]. According to the World Standard Population, the
ASDR was defined as mortality weighted to the distribution of mortality per 5-year age
group [27]. This removes the effects of historical events on age structure and controls the
differences in age structure in populations, producing age-specific mortality rates and more
representative data. The estimated level of coverage for deaths with a recorded cause of
death is calculated by actual reporting divided by the estimated mortality rate. Population
and birth recording in all countries are specified in the data, per the WHO standard for
inclusion in the database [26]. Formal ethical approval was not required as the data were
freely available and in a deidentified format.

2.2. Statistical Analyses

We computed male and female mortality rates and used LOWESS plots to fit male and
female mortality rates using SAS v9.4 (SAS, Cary, NC, USA). We plotted the results of this
analysis for visual inspection. Mortality data were missing in a small subset of countries in
the WHO mortality database for one or more calendar years. We excluded the countries
with missing data of more than three consecutive years. Relative percentage changes (PC)
in ASDR were calculated over the observation as [(End ASDR–Start ASDR)/Start ASDR]
∗ 100 for each gender and country as in our previous studies [24,28,29]. We calculated
absolute changes (AC) in ASDR over the observation period as crude absolute differences
between the first and last data points for the earliest and most recent years available. AC can
be used to compare the results with PC, especially in countries with low baseline mortality.

3. Results

We included 31 countries from the following WHO regions: Americas, Western Pacific,
South East Asia, Europe, Eastern Mediterranean, and Africa. Of these, one country had
data available until 2018, fourteen countries had data available until 2017, six until 2016,
five until 2015, two until 2014, one until 2013, one until 2007, and one until 2005. Region-
wise, the Americas included the United States of America (USA) and Canada; Europe
included Israel, Austria, Belgium, Croatia, Denmark, Estonia, Finland, France, Germany,
Italy, Kyrgyzstan, Latvia, Netherlands, Norway, Poland, Republic of Moldova, Romania,
Serbia, Spain, Sweden, Switzerland, and the United Kingdom. The Western Pacific region
included Japan, Malaysia, Australia, and New Zealand. The Eastern Mediterranean region
included only Egypt. Thailand was the only country included in the South East Asia region.
Africa included only South Africa.
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3.1. Current HIV-Associated Cancer Mortality in PLWH

Table 1 and Figure 1 show the most recent calendar year mortality data. Among
31 countries having data for males, 25 had available data for females. South Africa had
the highest ASDRs for both males (16.8/100,000) and females (19.2/100,000), whereas
the lowest ASDR was observed in Japan for males (0.07/100,000) and Egypt for females
(0.028/100,000). In the Americas region, the USA had the highest ASDR in 2007 for males
(3.9/100,000) and females (0.8/100,000), whereas it was lowest in Canada in 2005 for males
(2.2/100,000) as well as for females (0.2/100,000). In Europe, Estonia had the highest ASDR
in 2016 for males (4.5/100,000), as well as for females (1.7/100,000), whereas Austria had
the lowest ASDR in 2016 for males (0.15/100,000), followed by Croatia (0.26/100,000).
Poland had the lowest ASDR in 2017 for females (0.033/100,000), followed by Germany
(0.036/100,000). There was not sufficient data available for women for Croatia, Finland,
and Norway. In the Western Pacific region, New Zealand had the highest ASDR in 2015 for
males (0.65/100,000), whereas Japan had the lowest ASDR in 2017 for males (0.07/100,000).
Data for females was only available for Australia, where ASDR in 2017 was 0.07/100,000.
In the Eastern Mediterranean region, we only had valid data for Egypt. For males, the last
data available in 2013 showed an ASDR of 0.08/100,000, whereas the ASDR for females
was 0.028/100,000 in 2015. In Africa, South Africa had an ASDR in 2015 for males of
16.77/100,000 and females of 19.17/100,000. In the Southeast Asia region, Thailand had an
ASDR of 0.83/100,000 and 0.68/100,000 for males and females, respectively, in 2017, higher
than many other countries in our study group.

3.2. Changes in HIV-Associated Cancer Mortality in PLWH between Start and Endpoints

Trends in ASDRs per 100,000 for HIV-related cancer were assessed for males and
females and are represented in Figure 2 using LOWESS plots. Decreasing trends were
noted in the majority of countries. Figures 1 and 3 and Table 1 show changes in HIV-
associated cancer mortality between the start and end of the observation period. Of
31 countries, 13 (41.9%) showed an increase in the mortality of males, whereas 18 countries
(58.0%) showed a decrease in the mortality of males. Of the 25 countries with valid
data available for females, 11 countries (44.0%) showed increases in mortality, whereas
14 countries (56.0%) showed a mortality decrease. Among all 31 countries, Malaysia had
the highest positive percentage change (PC) in male mortality (+495.0%) between 2008 and
2014, whereas South Africa (+11.25/100,000) had the highest absolute change (AC) between
2007 and 2015. Canada had the greatest negative PC (−88.5%) and AC (−16.97/100,000) in
males between 2001 and 2005. Thailand had the greatest positive PC in female mortality
(+540.0%) between 2002 and 2017, whereas South Africa had the greatest positive AC
(+14.33/100,000) between 2007 and 2015. Germany had the greatest negative PC in female
mortality (−86.0%) between 2001 and 2017, whereas Spain had the greatest negative AC
(−0.88/100,000) between 2001 and 2017.

In the Americas, the only increase in rate was observed in females in Canada (+17.4%)
between 2001 and 2005, whereas males showed a percentage change of −88.5%. In the
USA, males had a −21.6% PC, whereas females had a PC of −20.5% between 2001 and
2007. AC are reported in Table 1 for comparison.

In Europe, for males, 14 countries showed decreasing ASDRs during our study period.
Serbia, Republic of Moldova, Romania, Estonia, Latvia, United Kingdom, Kyrgyzstan,
and Finland increased males’ ASDRs. Of 19 European countries with available ASDR
data for females, 11 (57.9%) showed decreasing ASDRs, whereas positive PCs were ob-
served in Kyrgyzstan, the United Kingdom, Austria, Romania, Israel, the Republic of
Moldova, Latvia, and Estonia. For males, the highest positive PC was observed in Serbia
(+281.9%) between 2001 and 2017, whereas the highest positive AC was observed in Estonia
(+2.94/100,000) between 2004 and 2016. For females, the highest positive PC (+127.5%) and
AC (+0.41/100,000) were reported in Kyrgyzstan between 2005 and 2016.
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Table 1. Age-Standardized Death Rate during the start and end points of the study.

Sr No Region Country

Males Females

Start Point
Age-

Standardized
Death Rate

End Point
Age-

Standardized
Death Rate

Percentage
Change in
Mortality

Absolute
Change in
Mortality

Start Point
Age-

Standardized
Death Rate

End Point
Age-

Standardized
Death Rate

Percentage
Change in
Mortality

Absolute
Change in
Mortality

1 Americas Canada 2001 19.17 2005 2.20 −88.52 −16.97 2001 0.16 2005 0.19 17.42 0.03

2
United

States of
America

2001 5.01 2007 3.93 −21.60 −1.08 2001 1.05 2007 0.83 −20.47 −0.21

3 Europe Israel 2002 0.83 2017 0.64 −22.87 −0.19 2002 0.28 2016 0.51 80.27 0.23

4 Austria 2004 0.25 2017 0.15 −40.99 −0.10 2004 0.21 2017 0.41 98.85 0.20

5 Belgium 2001 2.13 2016 0.53 −75.16 −1.60 2001 0.75 2015 0.18 −76.56 −0.57

6 Croatia 2006 1.35 2017 0.26 −81.08 −1.09 NA NA NA NA NA NA

7 Denmark 2001 2.11 2013 0.28 −86.60 −1.83 2004 0.33 2014 0.28 −16.00 −0.05

8 Estonia 2004 1.59 2016 4.53 184.76 2.94 2006 1.63 2016 1.66 1.88 0.03

9 Finland 2001 0.37 2016 0.40 8.05 0.03 NA NA NA NA NA NA

10 France 2001 2.95 2014 1.46 −50.46 −1.49 2001 0.66 2014 0.52 −21.17 −0.14

11 Germany 2001 1.14 2017 0.40 −64.49 −0.73 2001 0.24 2017 0.03 −85.99 −0.21

12 Italy 2003 2.55 2016 1.13 −55.62 −1.42 2003 0.58 2016 0.33 −42.74 −0.25

13 Kyrgyzstan 2005 1.27 2016 1.49 17.97 0.23 2005 0.32 2016 0.73 127.47 0.41

14 Latvia 2002 1.01 2015 1.87 85.54 0.86 2002 1.01 2015 1.11 10.03 0.10

15 Netherlands 2001 1.92 2017 0.45 −76.31 −1.46 2002 0.11 2017 0.07 −37.16 −0.04

16 Norway 2001 1.49 2016 0.67 −54.99 −0.82 NA NA NA NA NA NA

17 Poland 2001 0.39 2017 0.27 −29.50 −0.11 2001 0.11 2017 0.03 −71.07 −0.08

18 Republic of
Moldova 2002 0.47 2018 1.44 205.80 0.97 2007 0.40 2018 0.49 22.92 0.09

19 Romania 2001 0.18 2017 0.52 190.76 0.34 2001 0.19 2017 0.37 90.33 0.17

20 Serbia 2001 0.19 2017 0.74 281.86 0.55 2001 0.29 2008 0.27 −5.13 −0.01

21 Spain 2001 5.31 2017 1.21 −77.19 −4.10 2001 1.25 2017 0.37 −70.49 −0.88

22 Sweden 2001 0.63 2017 0.43 −32.44 −0.20 2005 0.48 2017 0.41 −14.10 −0.07

23 Switzerland 2001 2.03 2013 0.95 −53.06 −1.07 2001 0.76 2013 0.26 −66.26 −0.51

24 United
Kingdom 2001 0.57 2016 0.83 45.88 0.26 2001 0.17 2016 0.35 99.24 0.17

25 Western
Pacific Japan 2001 0.05 2017 0.07 39.90 0.02 NA NA NA NA NA NA
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Table 1. Cont.

Sr No Region Country

Males Females

Start Point
Age-

Standardized
Death Rate

End Point
Age-

Standardized
Death Rate

Percentage
Change in
Mortality

Absolute
Change in
Mortality

Start Point
Age-

Standardized
Death Rate

End Point
Age-

Standardized
Death Rate

Percentage
Change in
Mortality

Absolute
Change in
Mortality

26 Malaysia 2008 0.08 2014 0.49 494.96 0.40 NA NA NA NA NA NA

27 Australia 2001 1.00 2017 0.63 −37.61 −0.38 2001 0.10 2017 0.07 −27.76 −0.03

28 New
Zealand 2001 0.91 2015 0.65 −28.22 −0.26 NA NA NA NA NA NA

29
Eastern
Mediter-
ranean

Egypt 2001 0.03 2013 0.08 148.01 0.05 2001 0.033 2015 0.028 −15.15 −0.01

30 Southeast
Asia Thailand 2002 0.17 2017 0.83 391.06 0.66 2002 0.11 2017 0.68 539.98 0.57

31 Africa South Africa 2007 5.52 2015 16.77 203.95 11.25 2007 4.85 2015 19.17 295.61 14.33
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Figure 1. Latest age-standardized death rate in males and females. End point for Canada: 2005, USA: 2007, rest of the countries end point varies between 2013–2018. 
Figure 1. Latest age-standardized death rate in males and females. End point for Canada: 2005, USA: 2007, rest of the
countries end point varies between 2013–2018.

In the Western Pacific region, mortality in males decreased in Australia (PC −37.61%,
AC −0.38/100,000) and New Zealand (PC −28.22%, AC −0.26/100,000), whereas it in-
creased in Malaysia (PC +494.96%, AC 0.40/100,000) and Japan (PC +39.9%, AC 0.02/100,000).
In females, the only available change was for Australia (PC −27.76%, AC −0.03/100,000)
between 2001 and 2017.

In the Eastern Mediterranean region, we only had PC data available for Egypt. For
males between 2001 and 2013, PC and AC were observed as +148% and +0.05/100,000,
respectively. At the same time, for females between 2001 and 2015, PC and AC were −15%
and −0.01/100,000, respectively.

In Africa, South Africa showed increasing mortality for both males (PC +204.0%, AC
+11.25/100,000) and females (PC +295.6%, AC +14.33/100,000).

Thailand showed an increasing mortality in males (PC +391.0%, AC 0.66/100,000) and
females (PC +539.98% and AC 0.57/100,000) between 2002 and 2017.
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1 

 
 

Figure 2. Trends in age-standardized death certification rates per 100,000 for HIV-related cancer.
Squares indicate male mortality, whereas circles indicate females. End point for Canada: 2005, USA:
2007, rest of the countries end point varies between 2013–2018.
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Figure 3. Percentage changes in Age-Standardized Death Rate in males and females between the end and start point of the study. End point for Canada: 

2005, USA: 2007, rest of the countries end point varies between 2013–2018. 

Figure 3. Percentage changes in Age-Standardized Death Rate in males and females between the end and start point of the
study. End point for Canada: 2005, USA: 2007, rest of the countries end point varies between 2013–2018.

4. Discussion

In this observational study of the World Health Organization Mortality Database,
HIV-associated cancers decreased in the majority of countries between 2001 and 2018. The
decline in cancer-related mortality was seen in 58% (18/31) and 56% (14/25) of the included
countries for males and females, respectively. In a small number of countries there were
increases in HIV cancer-related mortality including some developing countries such as
Malaysia and Thailand as well as in the United Kingdom.

The advent and improved access to ART worldwide have dramatically improved
the life expectancy of PLWH, which is now approaching that of the general population.
Currently, PLWH represents an ageing group, and malignancies have become a leading
cause of morbidity and mortality [20]. Recent studies suggest that PLWH are 60% more
likely to develop some form of malignancy than the general population. Moreover, the
cancer burden seems to have shifted from ADC to NADC, especially prostate, lung, HCC
(hepatocellular carcinoma), NHL (non-Hodgkin lymphoma), and anal SCC (squamous
cell carcinoma) [6,7,30]. A recent study from France reported that from 2000 to 2010, ADC
and NADC were the cause of death in 10% and 26% of PLWH, respectively [2]. In our
study of 31 countries, 13 countries (41.9%) showed an increase in male mortality, and of the
25 countries with valid data available for females, 11 countries (44.0%) showed increases in
mortality. Of the countries that had worsening mortality trends, most were in low-income
countries, except the UK.

Recent initiatives from the WHO, with the “90-90-90” plan and the “intention to treat”
model, have led to more widespread and earlier ART administration in low-income coun-
tries. As of the end of June 2020, per UNAIDS, PLWH in upper-middle countries such as
South Africa and Thailand were accessing antiretroviral therapy at percentages of 72% and
80%, respectively, compared to the global average of 67% [3]. Despite above-average access
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to ART, ASDRs and positive PCs were among the highest in these populations, suggesting
that the malignancies these patients are developing are not decreasing with widespread
ART. The rationale behind the shift is twofold. First, the increased life expectancy in
PLWH on ART is now fostering the development of age-associated malignancies [5]. Sec-
ond, PLWH often have high-risk behaviours that may be risk factors for certain types of
malignancy [31].

Certain cancers such as breast, cervical, and lung cancers are screened routinely as
early detection improves mortality. In PLWH, these malignancies are often found at more
advanced stages when compared to the general population, possibly due to a lack of
adherence to screening programs [32], or possibly due to under-insurance, low income,
and education within this population [33]. Cervical cancer is one of the most common
ADCs, and progression of the neoplasm to a malignant state likely reflects both delayed
clearance of the Human Papilloma Virus (HPV) for extended periods [34], as well as
rapid progression from pre-malignant cervical carcinoma in situ (CIN) to invasive cervical
cancer [35]. Specific cervical cancer screening guidelines exist for HIV-infected women [36].
Efforts should be made to increase screening adherence and vaccination for HPV, which is
safe and immunogenic in PLWH [37]. The most common NADC is lung cancer, followed
closely by liver cancer [5]. According to an American population-based registry, lung cancer
is also the most frequent cancer-related cause of death among PLWH. HIV and tobacco
use may synergize the risk of pulmonary malignancy as smoking prevalence is higher
in PLWH than in the general population [6]. PLWH appear to develop lung cancer 25 to
30 years earlier than the general population. The age of diagnosis in PLWH is between 38
and 57 years, which is significantly below the current USPSTF (the US Preventive services
task force) age guideline (50 years) for lung cancer screening [38]. Implementing alternative
screening guidelines for PLWH would allow screening at a younger age and might result
in the detection of lung cancer at an earlier stage [39,40]. The incidence of liver cancer is
also found to be increasing among PLWH. This can be due to coinfection with hepatotoxic
viruses such as hepatitis C [41]. High-risk activities, such as increased IVDA (intravenous
drug abuse), are more common in some regions of Asia and Africa and likely contribute to
the increased HIV prevalence and risk of hepatitis C virus coinfection [42].

Our data demonstrated notable differences in cancer-attributed mortality among
males and females. Of 21 countries with valid data available for both sexes, males have
higher ASDRs than females in all the countries except South Africa and Austria. Low-
and low-middle-income countries, such as Kyrgyzstan and Latvia, had ASDR rate ratios
between males and females of 2.05 and 1.68, respectively. High-income countries had
similar results, with male mortality being 2.8 and 2.37 times higher in France and the UK,
respectively, compared to females. Similar mortality trends in males have been reported
elsewhere [43,44]. An epidemiological analysis of cancer-attributable mortality in PLWH
in North America found higher mortality in males compared to females (10.2% vs. 7.2%),
mainly due to higher mortality attributable to NADCs (7.5% vs. 4.9%) [43]. Males smoked
three cigarettes more per day than females, leading to a higher individual risk of cancer [44].
Lower ART compliance might be a contributing factor to higher HIV-associated cancer
mortality in males. Data from Malaysia showed that by the end of 2015, about 25,700
(33%) out of 78,000 of PLWH were on ART, with women (70%) having more likelihood of
receiving ART compared to men (23%) [45].

Research now suggests that PLWH can tolerate cancer treatment and have similar
outcomes to the average population, this is with the exception of patients with extremely
low CD 4 cell count [46,47]. This emphasizes the need to incorporate PLWH with low CD4
cell counts into clinical trials and guidelines for cancer treatment. The National Cancer
Institute sponsors a range of clinical studies in the United States and globally to prevent
and treat HIV-associated cancers [48].

There are several limitations of the current investigation that should also be considered
when interpreting the results of this study. The WHO mortality database lacks data of
incidence and prevalence, and, therefore, our study was limited to the analysis of mortality
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trends only. Out of 194 countries, data of only 31 countries have been analyzed due to lack
of data availability. The starting year varies from 2001 to 2008, and the ending year varies
from 2005 to 2018 due to similar reasons (data availability). This can create bias for the
results, especially for Canada (end point 2005) and the USA (end point 2007). We were
able to include only South Africa from the population of the sub-Saharan region. In 2015,
75.4% of new cases were in sub-Saharan Africa [49]. We understand that this does not
represent the entire sub-Saharan population. Further robust reporting is needed from these
regions. Variations in cancer-related morbidity are likely to exist; however, this was beyond
the remit of this study. Given the observational nature of this study, we do not attempt
to attribute causality. As discussed in our previous study, issues exist regarding death
certification for HIV [24,50]. However, the WHO has developed computerized coding of
the verbal autopsy. Validation studies have shown that 89% of deaths among HIV-positive
individuals are attributable to HIV [50]. In terms of strengths, data used in this study were
obtained from the accredited WHO Mortality Database. Restrictions on data missingness
were applied to increase the robustness of the trend analysis. Standardizing the death rates
enabled us to compare patterns in mortality between countries of different characteristics
and health systems. We hope the findings of this paper will be of use to future researchers
and assist policymakers in the further study of this unique issue of AIDS-associated cancer.

5. Conclusions

Overall, there has been a decrease in mortality attributed to HIV-associated cancers in
slightly more than half of countries. However, an increasing mortality trend was observed
in many developing countries, such as Malaysia and Thailand, and some developed
countries, such as the United Kingdom. The exact cause of these specific increases is not
clear and further research is required to understand the utility of specific screening methods,
early diagnosis, and interventions to reduce cancer-associated mortality in PLWH.

Supplementary Materials: The following are available online at https://www.mdpi.com/article/10
.3390/tropicalmed6040213/s1, Supplementary Table S1: Completeness of data for each country in
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