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Abstract: Globally, HIV/AIDS and cancer are increasingly public health problems and continue to
exist as comorbidities. The sub-Saharan African region has the largest number of HIV infections.
Malignancies previously associated with HIV/AIDS, also known as the AIDS-defining cancers
(ADCs) have been documented to decrease, while the non-AIDS defining cancer (NADCs) are on
the rise. On the other hand, cancer is a highly heterogeneous disease and precision oncology as the
most effective cancer therapy is gaining attraction. Among HIV-infected individuals, the increased
risk for developing cancer is due to the immune system of the patient being suppressed, frequent
coinfection with oncogenic viruses and an increase in risky behavior such as poor lifestyle. The core
of personalised medicine for cancer depends on the discovery and the development of biomarkers.
Biomarkers are specific and highly sensitive markers that reveal information that aid in leading
to the diagnosis, prognosis and therapy of the disease. This review focuses mainly on the risk
assessment, diagnostic, prognostic and therapeutic role of various cancer biomarkers in HIV-positive
patients. A careful selection of sensitive and specific HIV-associated cancer biomarkers is required to
identify patients at most risk of tumour development, thus improving the diagnosis and prognosis of
the disease.
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1. Introduction

Cancer is a genetically and clinically diverse disease that leads to an uncontrolled
proliferation of abnormal cells due to the inhibition of apoptotic processes. Its pathogenesis,
metastatic potential, aggressiveness, and response to treatment is known to be different
among individual patients [1-3]. The role of genetic factors has been suggested in cancer
pathogenesis since variation has been marked in individuals with the same type of cancer.
Globally, the coexistence of HIV /AIDS and cancer, particularly the non-AIDS-defining
cancers (NADCs) is growing. This is particularly observed in the sub-Saharan African
region with the highest HIV/AIDS infections [4]. In the US, cancer risk among HIV-
positive people was also observed [5]. Among these HIV-infected individuals, cancer risk
has increased because of immunosuppression, frequent coinfection with oncogenic viruses
and risk behavior including poor lifestyle [2,3,6]. Following the advent of the highly active
antiretroviral treatment (HAART) in 1996, the health-related quality of life (HRQoL) for
HIV-positive patients has significantly improved [7-9]. This has resulted in an increase in
the number of individuals living with HIV and the aging HIV-positive population [5,10,11].
Reports revealing the association between HIV/AIDS and tumourigenesis are rapidly
emerging. This pathogenesis could be attributed to various factors. These may include
the viral (HIV) factors, immunosuppression, coinfection with oncogenic viruses, HAART
components and poor lifestyle [1,12]. These risks are known to be high for malignancies caused
by viral infections and include the AIDS-defining cancers (ADCs) such as Kaposi’s sarcoma,
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Non-Hodgkin lymphoma (NHL) and invasive cervical cancer [1]. Compared to the general
population, HIV-positive people have an increased propensity to develop malignancy [13].

As defined by the US National Cancer Institute (NCI), a biomarker is a biological
molecule found in body fluids such as blood, or can be found in tissues, and is a sign of nor-
mal or abnormal process, or disease or condition (WHO, 2003). The World Health Organisa-
tion defines a biomarker as process that can be measured, or a substance or a structure that
can influence or predict the outcome or disease (WHO, 2001). In medicine, biomarkers are
useful in screening, diagnosis, prognosis and treatment purposes. There are different types
of biomarkers, some of which overlap. Such examples may include gene/protein-based
biomarkers [1,14,15]. Early detection of cancer biomarkers in HIV-positive individuals
would be useful to identify patients at high risk of tumour development. Cancer biomark-
ers are discovered through using molecular and cellular methodologies that focus on
disease and drug mechanisms. These indicate the interaction of novel therapies with
their intended target pathogenesis of the disease itself. Biomarkers consist of genomic
and proteomic patterns, chromosomal abnormalities, epigenetic signatures, single genes
or proteins. This causes biomarkers to play a significant role in cancer screening, early
diagnosis, cancer stratification, efficacy prediction and adverse reactions. The applica-
tion of precision medicine in the management of cancer patients is largely attributed to
biomarkers. The core of personalised medicine for cancer depends on the discovery and
the development of biomarkers. The importance of molecular biomarkers is based on
the sensitivity, specificity and predictability (Figure 1). This information is required to
facilitate the development of improved classification, which will aid clinical outcomes and
reduce therapeutic instability [16,17]. With the rising cancer cases in HIV-positive patients,
particularly the NADCs, the need to develop biomarkers is profound. To the best of our
knowledge, there are no molecular biomarkers currently with widely proven utility for
predicting clinical outcomes, although some biomarkers are promising. This review will
primarily focus on the risk assessment, diagnostic, prognostic and therapeutic roles of
various cancer biomarkers in HIV-positive patients.

Diagnosis
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Figure 1. Ideal biomarkers are key to improved patient outcome. Biomarkers can be targeted for
improved diagnosis, prognosis, and therapeutics. The identification of ideal biomarkers holds key
potential to personalised medicine and overall improved clinical outcome.
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2. Cancer Prevalence in HIV-Positive Patients

The spectrum of cancer types seen in HIV-infected individuals encompasses a number
of NADCs [18,19]. These include cancers of the lung, breast, prostate, liver, throat, anus,
Hodgkin lymphoma and non-melanoma skin cancers [4,20,21]. The incidence of cancer has
shown to account for a quarter amongst HIV-infected individuals” deaths and indicates
to surpass AIDS as the leading mortality of HIV-infected individuals in high-income
countries [19,22]. In sub-Saharan African, the incidence of NADCs is on the rise [4]. The
incidence rate of many non-AIDS-defining cancers has indicated a risk of increase, while
the incidence of AIDS-defining cancers such as Kaposi’s sarcoma (KS) and Non-Hodgkin
lymphomas (NHL) has been reduced by the use of antiretroviral therapy (ART) [11,23]. The
impaired immune function and high prevalence of non-HIV cancer risk factors contribute
to the overall burden of cancer. Park et al., (2016) have reported that half the number of
people living with HIV/AIDS (PLWHA) are smokers with 2.5 times higher risk compared
to USA adults [24]. This study also reported that one quarter of PLWHA had the hepatitis
C virus (HCV) infection and 5% were infected with the hepatitis B virus (HBV). When
compared with adults in the US, the HCV infection in PLWHA was 1240 times higher and
HBYV was 10-25 times higher [24,25]. The sub-Saharan African (SSA) region, particularly
South Africa, has 32 cases per 100,000 women, the highest age-standardised incidence of
cervical cancer globally [26].

3. The Genetics of Molecular Biomarkers

Biomarkers are proteins that have several cellular functions and are vital in regulating
these functions. These proteins are encoded by genes that are located in chromosomes,
and each gene has its particular location in the chromosome. The development of cancer
can be caused by the alteration of these genes. The alteration may be disease causing or
modify the pathogenesis and progression of the disease. Disease-causing alterations are
called mutation and forms as a result of deletion/insertion in one or more nucleotides or
substitution of nucleotides. Such mutations have been identified in a number of cancer
types resulting from DNA screening. Figure 2 shows how different alterations in gene
and protein sequence and expression can lead to identifying different biomarkers. The
mechanisms of tumour genesis, development and response to therapy can be demonstrated
through biomarkers. The genetics of biomarkers may illustrate the molecular alterations in
nucleic acid that may lead to defects in structure or regulation of the cell. Biomarkers require
clinical relevance with a potential to offer information that will provide understanding of a
disease or to enhance treatment modalities [16,27].

Gene modification
Altered Gene expression
Modified proteins

Altered metabolism

[ Genomic Biomarker ] [Molecular Biomarker} [ Metabolic Biomarkcr]

Uncontrolled proliferation

Inhibition of PCD

Dysregulated metabolism

Figure 2. Different biomarkers may be identified as a result of various genetic and proteomic
alterations. These alterations may lead to different pathologic conditions such as cancer by breaching
proliferation marks, invading programmed cell death mechanisms and altering metabolism.
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3.1. Classification of Cancer Biomarker

Biomarkers are classified based on certain parameters such as functions and character-
istics such as Type O, Type I and Type 11 [28-30]. Type 0 biomarkers are used to measure
the natural history of diseases. These biomarkers are associated with known clinical in-
dicators. Type I biomarkers correlate with the efficacy of pharmacologic agents. Type Il
biomarkers are surrogate endpoint biomarkers that are intended to substitute for clinical
endpoints [29,31]. Recently, tumour biomarkers are grouped into certain categories such as
proteins, glycoproteins, hormones, receptors, oncofetal antigens, genetic markers and RNA
molecules [9]. Cancer biomarkers are also known to be classified into diagnostic, predictive,
prognostic and pharmacodynamic biomarkers [27,32-35]. Prediction biomarkers, also
known as response markers, are used to assess the effect of a specific drug to allow the
clinicians to select chemotherapeutic agents which will have the best positive response on
the patient [35,36]. Prognostic biomarkers are used to analyse the overall outcome of the
disease [37,38]. Lastly, pharmacodynamic biomarkers are utilised to select chemotherapeu-
tic agents” doses in a given set of tumour—patient conditions. These biomarkers are also
used to assess the impending treatment effects of a drug. During cancer development, the
diagnostic markers may be present at any stage [8,39].

3.2. Biomarkers Used in HIV-Associated Cancer Diagnosis and Prognosis

Compared to the broad spectrum of the NADCs, ADCs that include Kaposi’s Sarcoma,
cervical cancer and NHL are on the decline since the introduction of HAART. The diagnostic
and prognostic challenges of these HIV-associated cancers are discussed below [21].

3.2.1. Diagnosis and Prognosis Challenges of HIV-Associated Cervical Cancer

Cervical cancer is a disease that develops as a result of a persistent infection with high-
risk human papillomavirus (hrHPV) types, resulting in premalignant precursor lesions
also known as cervical intraepithelial neoplasia (CIN) [34,40]. Human papilloma virus
(HPV) is defined as the cause of cervical cancer, although only 2% of cervical HPV are
known to result in cervical cancer [41]. Cervical cancers have two common histologic types,
namely, squamous cell carcinoma (SCC), accounting for 70% of all adenocarcinomas [26,42].
In 2018, new diagnosed cervical cancer cases worldwide were ~569,000. Furthermore,
~311,000 deaths were associated with cervical cancer. The low-to-middle income countries
(LMICs) such as South Africa accounted for ~90% of these deaths [26]. Abnormalities
in cellular proliferation, maturation and nuclear atypia are characteristics of CIN [43].
According to Flepitsi et al. (2014), CIN may regress to normal or progress to invasive
cervical cancer if untreated [1]. It is reported that approximately one-third to one-half of the
CIN I and CIN II cases regress without treatment; including when the abnormality of the
lesions is more severe, and they are less likely to regress [1]. Grading of CIN lesions is vital
for clinical management of patients and specific biomarkers are required for grading and
accurate diagnosis. The inaccurate grading results in inaccurate diagnosis and, therefore,
ineffective treatment of CIN.

A whole host of novel biomarkers for the diagnosis of cervical cancer have been
identified. These include the presence of HPV E6/E7 mRNA, miR-9 and patterns of DNA
methylation. Protein expression biomarkers include p16INK4a/ki-67, SCC-Ag, M-CSF and
VEGEF. However, not all these biomarkers are suitable for the diagnosis of HIV-associated
cervical cancer [44-46].

Cervical cancer diagnosis is achieved by the detection of HPV DNA in cervical tumour
cells, which has proven to be a good diagnostic and risk predictor tool (Table 1) [47].
The initiation and mediation of the oncogenic process of cervical cancer occurs by the
upregulation of HPV E6/E7 oncoproteins. The overexpression of these oncoproteins serves
as a biomarker for increased cervical cancer risk [48-50]. The hrHPV 16 and 18 subtypes
have a vital role in malignant transformation of cells by developing E6 and E7 viral
regulatory proteins [25]. The viral regulatory proteins, E6 and E7, are involved in cell
proliferation and survival. The microRNA miRNA9 has been shown to be an accurate
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prognostic and diagnostic biomarker for cervical cancer [51]. This miRNA is known to
play a role in neurogenesis, which is a process that also plays a role in the progression
of many cancers [51]. Changes in DNA methylation is a major epigenetic mechanism
that regulates gene expression, genomic imprinting, cell differentiation, development and
inflammation [52]. These epigenetic changes also play a role in the early diagnosis of
cervical cancer.

The most vital biomarkers implicated in cervical cancer are HPV and oncogene E6
and E7 [49]. Another protein, the Ki-67 is the cell proliferation biomarker which plays
an important role in confirming the diagnosis and CIN grading [53]. This biomarker
is known to detect a nuclear antigen found only in cell proliferation but not in other
cells [54]. Furthermore, Ki-67 is known to be more intensely stained in HPV-positive than
HPV-negative epithelium. The p16 protein, a cyclin-dependent kinase (CDK) inhibitor
has a specific biomarker functions used to identify squamous and glandular dysplastic
cervical epithelium. In cervical epithelial cells that are transformed due to the hrHPV
E7 oncoprotein expression, the overexpression of p16 has been observed [40]. In a study
performed by Carozzi and colleagues (2013), p16 has been shown to be a biomarker for CIN
IT or for the development of CIN II within 3 years in HPV-positive women [55]. It has been
reported that p16 alternatively complements Ki-67 for HPV-related neoplasia [50,56,57].
Ki67 and p16 are better used in combination that alone, in the diagnosis of cervical cancer.
Cytokeratin (CK) 17, a biomarker for endocervical reserve stem cells, plays an important
role in the differentiation between immature squamous metaplasia and high-grade CIN IIL
CK-17 is a biomarker that is not expressed in cervical glandular epithelial cells, squamous
cells, or mature squamous metaplastic cells. However, they are known to be specific for
immature metaplastic cells and reserve cells (Mockler et al., 2017) [57,58]. The important
tumour suppressor protein p53 is a known nuclear phosphoprotein encoded by the p53
gene and responsible for cell proliferation and apoptosis control. Alterations in the p53
gene are closely associated with invasive cancers as a result of loss of tumour suppressor
function. The overexpression of p53 biomarker have been shown in cervical cancers [59,60].
Table 1 outlines HIV-associated cancer biomarkers.

The measurement of serum levels of squamous cell carcinoma antigen (SCC-Ag),
which is a serine protease inhibitor (Serpin), is a good indicator of the presence of cervical
cancer, or additionally, as a prognostic indicator. SCC-Ag levels are elevated in cervical
cancer [61]. The macrophage colony-stimulating factor (M-CSF) is a hematopoietic growth
factor and can serve as a biomarker in multiple cancers [61]. The vascular endothelial
growth factor is used as a diagnostic biomarker in not only cervical, cancer but also in
breast and endometrial cancer [62].

Table 1. Identified biomarkers and the related changes in HIV-associated cervical cancer.

HIV-Associated Cervical Cancer Changes in HIV-Cervical Cancer References
HPV DNA Elevated [40,63]
HPVE6/E7 Elevated [47,50,64]

Ki-67 Elevated [65,66]

P16 Elevated [40,65]

CK17 Elevated [40,67]

MCM Elevated [68,69]

CDC6 Elevated [70,71]
Ribosomal protein S12 Elevated [72]

P53 Elevated [43,73]

PCNA Elevated [74,75]
MIB-1 Elevated [75]

P63 Suppressed [40,76]

CD44 Elevated [77]
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3.2.2. Diagnosis/Prognosis Challenges of HIV-Associated Non-Hodgkin Lymphoma

NHL is reported as the second most common malignancy in HIV-infected patients and
is characterised by diffused large B-cell lymphoma (DLBCL) [17]. NHL cases are believed to
arise from B-cell progenitors and develop into various entities that are grouped into three,
the low, intermediate and high-grade NHL [78]. Heterogeneous diseases such as DLBCL
differ in genetic abnormality, morphology nature and clinical features, and patients vary
in prognosis and respond differently to treatment [79,80]. DLBCL develops from normal
antigen-exposed B-cells that have moved to or through germinal centres [34,80]. There
are two subgroups identified by gene expression profiling: (i) germinal centre B-cell-like
(GCB) lymphomas (typically CD10+ and BCL6+), and (ii) non-GCB lymphomas that are
developed from cells resembling activated B-cell-like lymphomas [27,33,81,82]. Patients
with GCB DLBCL display a better progression and overall survival than patients with
non-GCB DLBCL, regardless of the international prognostic index score (IPI) [34,83,84].
IPI is a useful clinical tool that aids in prognostic prediction of patients with aggressive
NHL [85]. It has been also suggested that the sub-classifications of DLBCL into GCB and
non-GCB may be a vital prognostic factor.

The quality and quantity of affected lymph nodes for assessing morphology and
architecture are the first requirement in the diagnosis of NHL [86-88]. Blood count, differ-
entiation of white blood cells, count of platelet and examination of peripheral smear for
the presence of atypical cells are performed to detect the involvement of peripheral blood
and bone marrow [89]. These tests are followed by pathological tests such flow cytometry
or immunohistochemically staining for immunophenotype [89]; Ki-67 or MIB-1 staining
(an antibody against Ki-67) are used to identify aggressive lymphomas as these may be
indicating a high growth fraction of tumours [89]. Ki-67 expression in DLBCL patients is
associated with poor outcome and survival [11,90,91]. B-cell biomarkers such as CD19,
CD20, CD22, CD79a and PAX-5 that play an important role in immunophenotypic expres-
sion patterns of DLBCL and flow cytometry have shown surface immunoglobulin light
chain restriction in a majority of cases (Table 2) [34,92]. Since PAX-5 is a B-cell restricted
transcription factor, positive PAX-5 immunostaining indicates a strong association with
B-cell differentiation [34], while positive staining of biomarkers such as CD10, bcl-6 and
MUM-1 distinguish GCB from non-GCB DLBCL [1,34]. Fork box protein P1 (FOXP1) is a
transcriptional regulator of the B-cell development and has been found to be overexpressed
in non-GCB DLBCL than in GCB DLBCL [88,92,93]. The poor survival and prognosis have
been associated with FOXP1 [94]. For this reason, it has been recommended that FOXP1
should be used to distinguish non-GCB from GCB DLBCL to improve the diagnosis and
predict prognosis of DLBCL.

In some studies, fluorescence in situ hybridisation (FISH) analysis of cMYC, a tran-
scription factor that functions in regulating cell growth and cell cycle, has shown to occur
in 10-15% of DLBCL lymphomas and is associated with worse prognosis outcomes [95].
Furthermore, the translocations of MYC confers poor prognosis in patients treated with
cyclophosphamide, hydroxydaunorubicin, oncovin and prednisone (CHOP) regime [1].
Modified immune mechanisms play a critical role in the pathogenesis of NHL. Increased
prevalence of NHL has been reported among HIV-positive patients, patients with autoim-
mune disease and transplant recipients [23,36]. B-cell activation is commonly shown in
HIV infection, which is caused by the overproduction of B-cell stimulatory cytokines,
such as IL-6 and IL-10. This also applies for the stimulation of B-cells by HIV and other
microbial antigens [81,91]. HIV also induces the production of inflammatory cytokines
that cause B-cell stimulation, activation and proliferation. Cell lines derived from HIV-
NHL show the expression of cytokines including interleukin 6, 10 and tumour necrosis
factor-a [96-99]. B-cell activation is characterised by the proliferation lymphocyte, class
switch recombination (CSR) and somatic hyper-mutation, all of which are prone to result in
DNA replication errors that may lead to lymphomagenesis. Table 2 outlines HIV-associated
NHL biomarkers.
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Table 2. Identified biomarkers and the related changes in HIV-associated Non-Hodgkin lymphoma.

HIV-Associated NHL Biomarkers Changes in HIV-NHL References
LDH Elevated [93,100,101]
Ki-67 /MIB-1 Elevated [102,103]
CD19, CD20, CD22 Elevated [79,104]
PAX-5 Elevated [79,104]
CD10 Elevated [17,102]
bcl6 Elevated [1,105]
MUM-1 Elevated [17,102]
cMYC Elevated [106,107]
IL-6 Elevated [39,108]
1L-10 Elevated [39,108,109]
TNF-x Elevated [39,110]
CRP Elevated [93,108]
sCD23, sCD27, sCD30, sCD44 Elevated [92,94]
EBV DNA Elevated [95]
CXCL13 Elevated [39,94]
FLC Elevated [39,111]
FOXP1 Elevated [1,112]
B2M Elevated [1,100]

3.2.3. Diagnosis/Prognosis Challenges of HIV-Associated Kaposi’s Sarcoma

KS is defined as an endothelial neoplasia that is located in cutaneous lesions and is
known as a common malignancy in HIV patients [28]. HIV-associated KS (HIV-KS) is
reported as a low-grade vascular tumour which is associated with human herpesvirus-
8 (HHVS8)/KS-associated herpes virus (KSHV) infection and is the most frequent and
aggressive type [35,78]. The primary target for KS involves the skin [36,113]. Multiple
mucocutaneous lesions from early or patch stage into plague stage and then tumour or
nodular stage contain spindle-shaped tumour cells. KS has a variable clinical course, and
this can pose challenges in histologic diagnosis [32]. KS differs in characteristic features
from other benign or malignant vascular tumours and other nonvascular spindle tissue
neoplasms. This is a vital challenge and require great investigations [33]. In its early stages,
lesions may either regress or progress. Progression represents the expression of HHVS8
latency that include latent nuclear antigen-1 (LANA-1) [28], cyclin-D1 [34,35] and bcl-2
(Table 3) [36]. Receptor tyrosine c-kit gene expression profiling in cultured endothelial
cells has a functional role in KS tumourigenesis-activated HHV8-related induction [37,38].
Table 3 outlines HIV-associated KS biomarkers.

There are eight variable diagnoses of KS. These include cutaneous angiosarcoma,
spindle cell haemangioma, pyogenic granuloma and spindled melanoma. vascular trans-
formation of lymph nodes, dermatofibrosarcoma protuberans, pilar leiomyoma and stasis
dermatitis [33]. KS histology indicates the progressive proliferation of spindle-shaped
cells which are associated with KSHV/HHVS [39]. The immunohistochemical detection of
HHVS of fixed tissues might be a diagnostic tool to differentiate KS. HHVS encodes for nu-
merous proteins used to induce or maintain KS lesions, such as K12, K13 /viral FADD-like
interferon converting enzyme inhibitory protein (vFLIP), vCyclin and the LANA-1 that is
required for cellular transcription [40—-42]. In the viral genome, the open reading frame en-
codes for the HHV8 LANA-1 protein which reveals its expression during viral latency and
its functional role in viral integration into the host genome. The HHV8 LANA-1 protein has
been reported to have an interference involvement in apoptosis through interactions with
P53 [43]. The antibodies such as platelet/endothelial cell adhesion molecules, PECAM1
(D2-40, CD31), a hematopoietic progenitor cell surface protein and Friend leukaemia virus
integration 1 are used in immunohistochemical staining to distinguish cutaneous KS from
other diseases [31,49].
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Table 3. Identified biomarkers and the related changes in HIV-associated Kaposi’s Sarcoma.

HIV-Associated KS Biomarkers Changes in HIV-KS References
HHVS8/LANA-1 Elevated [1,114-116]
Cyclin D1 Elevated [114,117,118]
bcl2 Elevated [96,97,99]
c-kit Elevated [98,119]
K12 Elevated [25,120]
K13/vFLIP Elevated [25,121,122]
vCyclin Elevated [97,123,124]
P53 Suppressed [125,126]
pRb Suppressed [25,117]
D2-40 Elevated [35,115,127]
CD31 Elevated [116,128]
CD34 Elevated [128-130]
FLI1 Elevated [1,129]
vIL-6 Elevated [25,131,132]
Tat Elevated [92]
bFGF Elevated [133]
TNF-x Elevated [1,133]
IL-1 Elevated [134]
Oncostatin M Elevated [133,135,136]

There are a number of peptide growth factors of HIV that encode Tat protein, in-
flammatory cytokines and KSHV /HHVS gene products involved in KS cell growth and
development [55]. The antigens for HHVS affect cell signaling pathways and deregulate
immune response and apoptosis through vCyclin, vFLIP, bcl2 oncogene, viral interferon
regulatory factor and vIL-6 [1]. The mutations in immune cells may play a vital function in
the neoplastic process [40,137]. Immune activation has a cooperative function with growth
factors and HIV-1 Tat protein in KS development [65]. HIV-KS cells produce cytokines
and angiogenic growth factors such as fibroblast growth factors (FGFs), tumour necrosis
factor-« (TNF-«), interleukin-1 (IL-1), IL-6, Tat and oncostatin M. They express high affinity
receptors for some cytokines [66,67].

4. HIV-Associated Cancer Mechanisms

The biological mechanisms of all diseases are based on the molecular analysis at
the protein, DNA, RNA and mRNA levels that can contribute to identifying tumour
subtypes. Each of the subtypes will have a unique prognostic outcome and/or response to
treatment [19]. Biomarkers are the targets to categorise patient populations in order to make
it possible for drugs to reach the intended targets. The most valuable biomarkers must be
highly sensitive, specific, reproducible and predictable [23,24]. These biomarkers are altered
proteins in vital pathways that are involved in these diseases. Some biomarkers may not be
specific in one HIV-associated cancer and may overlap with other cancers (Table 4). This
requires thorough screening and investigation in order to eliminate inaccurate diagnosis.
The overlapping of biomarkers is possible since similar molecular pathways may be shared.
This can be eliminated by selecting sensitive and specific biomarkers focused on HIV-
associated cancers. Figure 3 shows an example of the use of various biomarkers to diagnose
specific HIV-associated cancers. Tables 4 and 5 illustrate the diagnostic use of biomarkers.
The characterisation of the different expression profiles of various biomarkers can be used
to stratify cancers by stage in a molecular fashion. This is illustrated for cervical cancer in
Table 4. The expression levels of Ki67 and p16 can be used individually and in combination
to diagnose cervical cancer. When used alone, Ki67 has higher sensitivity but lower
specificity compared to p16, which has lower diagnostic sensitivity but higher specificity.
When used together in a single diagnostic test, based on Ki67 and p16 expression levels, a
more specific and sensitive diagnostic tool can be created [138].
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Table 4. Biomarkers used to diagnose different stages of cancers (Cervical cancer).

Biomarker Normal CIN1 CIN2 CIN3 I II 111 v Ref
MiB-1 10%> >10% - - >71% >1 >ILI High [140]
CDCé6 90% 38% - 24% - - 70% - [141]
CD44 - - - - High <I <III <IILII [142]

CK7 Positive - - - - - negative = Negative [143]
hMSH2 - - - - - - 54.3% - [71]
Ki-67 20%> 22.6% 82.1% 88.6% - - 100% - [144]
plé >10% 10.4% 84.5% 90.5% - - 91.3% - [144]
SSC-Ag - - - - 24% 53% 75% 90% [145]
MCM3 negative 4-6% - - - - 18% - [141]
p63 100% 100% - - 30% - - 10% [146]
p53 <10% 10% 50% 71% - - - - [146]

Detection of MIB-1 levels

Detection of Ki-67
levels

Detection of p53 levels

Elevated

HIV-Non-Hodgkin and
Elevated
Hodgkin lymphoma

e a HIV- Cervical cancer

AR

=N

Figure 3. Diagnostic scheme for some HIV-associated cancers using specific bilomarkers. The above diagram represents the
use of the expression levels of p53, Ki-87 and MIB-1 proteins as well as the presence of HPV-DNA as diagnostic biomarkers.
The expression levels of p53 can be used to diagnose Kaposi’s sarcoma (suppressed) and cervical cancer (elevated) [43,125].
The diagnosis of cervical cancer can be confirmed by the increased presence of HPV DNA as well as elevated levels of
Ki-67 and MIB-1. While elevated levels of KI-76 and MIB-1 with no effects on p53 or presence of HPV DNA can serve as
diagnostic markers for Non-Hodgkin lymphoma, the presence of HPV DNA without the increase of p53, Ki-67 or MIB-1 is

A

indicative of anal cancer [34,63,139].

Table 5. Ki67 and p16 biomarkers enhance each other to improve cervical cancer sensitivity
and specificity.

Biomarker Sensitivity (%) Specificity (%)
Ki67 95.2 86.7
P16 85.4 94.6

Ki67 + p16 94.8 93.2

Biomarkers may be classified into different types based on their function’s charac-
teristics. Type zero biomarkers measure and correlate with the disease history. Type I
biomarkers correlate with the pharmacological agents’ effectiveness, while type II can be
used as clinical endpoints substitutes [25]. Sometimes biomarkers are used in combination
and not individually, such as Ki67 and p16 to enhance cervical cancer diagnosis (Table 5).
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5. Treatment for HIV-Associated Cancers

HAART use has shown a considerable reduction in the incidence of HIV-associated
cancers and these results were mostly noted in Kaposi’s sarcoma and Non-Hodgkin lym-
phoma [147]. Looking at the HAART era, the incidence and proportional mortality for
certain non-AIDs defining malignancies (NADCs) have experienced an increase, and that
includes lung cancer [1,78,106]. The increase in incidence is attributed to longer life ex-
pectancy due to HAART. The relationship between the use of HAART components and
tumourigenesis may be unfolding, but still remains to be fully comprehended [147].

Cancer research has reached a molecular age and characterises tumours with respect
to causation by oncogenic virus. Features related to immunophenotype and genotype are
also important in optimising treatment [75,148]. In HIV-infected individuals for which
tumour biology has indicated variation from that of non-infected individuals, genomic
characterisations have been applied [14,23,78]. The tumour biology may vary amongst
HIV-positive patients. This may be due to contributing factors such as HIV replication,
HAART use, aging, immunosuppression and poor lifestyle. Such cases vary between
high- and low-income countries, as low-to-middle-income countries have the leading HIV-
associated cancer cases. Given that, it clearly shows that treatment of HIV-associated cancer
is still challenging and requires more research [4,149]. With the rising cases of NADCs,
particularly in the sub-Saharan African Region, and common use of traditional herbal
medicine, exploring medicinal plants for anti-cancer use may hold promising potential to
treat HIV-associated cancers.

6. Conclusions

HIV-associated cancers are a public health problem, as both HIV and cancer emerge as
colliding morbidities. Invasive cervical cancer is also a challenge in HIV-positive women.
Contributing factors, which may include the use of HAART components, cannot be ig-
nored. The variability in tumour biology between the HIV-positive patients also poses as a
challenge. A careful selection of sensitive and specific HIV-associated cancer biomarkers is
required in order to improve the diagnosis and prognosis of these comorbidities. Precision
medicine holds promising potential in the fight against these colliding pandemics, and the
identification of unique and common HIV-associated biomarkers will aid in improving the
overall patient outcome.
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