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at higher risk for some cancers compared with 
African–Americans and patients of other ethnic 
groups [7]. Additional risk factors include behav-
ioral aspects, such as an increased use of tobacco 
and alcohol in patients with HIV [8]. 

Research has demonstrated that HIV itself 
may have direct effects that contribute to the 
development of NADC. For example, the HIV 
Tat protein may cause transactivation of proto-
oncogenes [9]. Other genes within the HIV virus 
may inhibit tumor suppressor genes, includ-
ing p53. HIV infection may cause microsatel-
lite gene instability and genetic alterations lead-
ing towards onco genesis. Tissue infection with 
HIV may make these t issues more sensitive to 
the effects of carcinogens from the environment. 
Finally, HIV infection can cause endothelial 
abnormalities including pro angiogenesis, which 
may enhance the development of tumor growth 
and metastasis [1]. 

There have been conflicting data regarding 
whether HAART is associated with the risk of 
developing NADCs. Some studies have demon-
strated a decreased risk of developing a NADC 
while patients are on HAART, compared with 
patients who are not receiving antiretroviral 
therapy or are only on single agent or dual agent 
antiretroviral therapy [7]. Other studies have 
demonstrated a possible increased risk if patients 
are on HAART [4], and specifically if they are on 
a non-nucleoside reverse transcriptase inhibitor-
based therapy [5]. A concerning, recent finding in 
the large Phase III trial that led to the approval 
of raltegravir (an integrase inhibitor also known 
as Isentress® [Merck] and MK-0518) was that 
during the period of the study, patients on ralte-
gravir had a higher risk of developing a NADC 
compared with those taking placebo [10]. Clearly 
more research is needed to elucidate the role of 
antiretroviral therapy, immune reconstitution 
and the relative risk of developing NADCs.
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HAART has dramatically changed the prognosis 
of treated patients diagnosed with HIV infection. 
In many ways, we have been able to turn HIV 
from a fatal to a chronic disease. Unfortunately, 
as patients infected with HIV have begun to live 
longer in a state of chronic immune suppression, 
illnesses that are no longer soley associated with 
AIDS are becoming more prevalent, including 
non-AIDS-defining cancers (NADCs).

The incidence of NADCs has increased more 
than threefold in the last decade and now sur-
passes that of AIDS-defining malignancies in 
HIV-infected individuals [1]. Epidemiology stud-
ies from the USA, France, Switzerland and most 
recently the UK have all confirmed this growing 
cancer risk in HIV-infected patients [2–5]. These 
studies have demonstrated that NADCs, includ-
ing Hodgkin’s lymphoma, testicular germ-cell 
neoplasms and specific carcinomas (anal, hepa-
tocellular, conjunctival and aerodigestive malig-
nancies, such as head and neck, lung and esopha-
geal cancers) all have higher incidence rates in 
HIV-positive patients compared with the general 
(HIV negative) population. 

Not only are these malignancies being 
diagnosed at higher rates, but unfortunately, 
NADCs in HIV-positive patients tend to have 
more aggressive features compared with similar 
cancers in the general population. These malig-
nancies are occurring at younger ages (typically 
showing atypical pathology and a higher tumor 
grade), are being diagnosed at more advanced 
stages and, unfortunately, follow a more aggres-
sive disease course, with higher rates of relapse 
and poor outcomes [6].

Risk factors
The risk factors for HIV-positive patients devel-
oping NADCs are beginning to be elucidated. 
These include advancing age, duration of HIV 
infection and ethnicity. Caucasians appear to be 
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“Patients with HIV 
and breast cancer tend to 

have higher rates of  
bilateral disease, tumors that 

are poorly differentiated  
and manifest with 

metastases early in their 
disease course.”

Additional contributing factors for the develop-
ment of specific NADCs include coinfection 
with oncogenic viruses. Patients with HIV are 
13–31-times more likely to develop Hodgkin’s 
lymphoma compared with the general popula-
tion. This could be attributed to coinfection 
with Epstein–Barr virus, since HIV-positive 
patients have been found to be coinfected with 
Epstein–Barr virus at a much higher rate than 
HIV-negative patients who also have Hodgkin’s 
lymphoma [3,4,11,12]. Patients with HIV have a 
seven times higher rate of developing hepato-
cellular carcinoma. This is likely to be due to 
coinfection with the HBV and/or HCV. In fact, 
coinfection with HCV and HIV increases the 
risk of developing liver cancer by more than five-
fold [13–16]. HIV-positive patients have a higher 
risk of developing malignancies known to be 
caused by the human papillomavirus, including 
anal  carcinoma as well as cancer of the head and 
neck [17]. 

Patients with HIV have twice the incidence 
of kidney cancer while those with AIDS have 
an almost six times higher risk of getting kid-
ney cancer compared with the general popula-
tion, for reasons that are not fully understood. 
Perhaps the immune dysregulation caused by 
HIV infection may play some role in tumori-
genesis. Another hypothesis is that chronic, 
subclinical renal irritation from antiretroviral 
therapy may predispose HIV-positive patients 
to kidney cancer [2,18]. 

HIV-positive patients have more than a two-
fold increased risk for developing colorectal can-
cer, again for reasons that are poorly understood. 
Colorectal cancer in HIV-positive patients is 
known to be diagnosed at a younger age, with 
a mean age of 41 years found in one series 
[19,20]. Interestingly, patients who are infected 
with HIV have higher rates of precursor colon 
cancer lesions (e.g., adenomas). In fact, HIV-
positive patients more often have larger adeno-
mas with concerning histology (villous architec-
ture and high-grade dysplasia)  compared with 
HIV-negative patients. 

While not all cancers appear to be diagnosed 
at a higher rate in HIV-positive patients, some 
NADCs that occur infrequently in patients with 
HIV infection, such as breast carcinoma, never-
theless still exhibit a more virulent course with 
a poorer prognosis in HIV-positive patients. 
Patients with HIV and breast cancer tend to 
have higher rates of bilateral disease, tumors 
that are poorly differentiated and manifest with 
 metastases early in their disease course [21,22].

Detection & screening
Given the emerging increased rates of NADCs, 
the key challenges facing those who care for 
HIV-positive patients are how better to detect, 
treat and ideally, prevent such cancers in the 
first place. 

In terms of early detection, standard screening 
procedures must be actively pursued in patients 
infected with HIV. Such screening measures 
should include Pap tests for anogenetial (cervico-
vaginal and anal) cancer. Colonoscopy of the 
entire colon and mammography need to be 
performed, as often as is recommended for the 
general population, and perhaps at an earlier age. 
In addition, given the high rates of skin cancers 
(including Kaposi’s sarcoma, melanoma, Merkel 
cell carcinoma, bacal cell carcinoma and squa-
mous cell carcinoma) in HIV-positive patients, 
aggressive use of sun screen and annual physical 
examinations are needed, which must include 
a thorough skin exam with early referral to a 
dermatologist if concerning lesions are detected. 

For additional cancer-specific screening, 
further research is needed. This includes deter-
mining whether screening for human papillo-
mavirus in the squamous epithelium of the oral 
cavity, as well as in the anus, would help detect 
early premalignant changes. Experimental head 
and neck cancer screening techniques, such as 
saliva rinses, should be explored in HIV-positive 
patients given their higher rates of this disease. 
The use of CT scans has not yet been found to 
affect the prognosis for patients who are eventu-
ally diagnosed with lung cancer. However, per-
haps this screening tool might be of benefit to 
patients with HIV. 

An additional complication facing medi-
cal oncologists is how best to treat NADC in 
HIV-positive patients who are on HAART. 
Antiretroviral agents are notorious for causing 
significant drug–drug interactions through the 
inhibition or induction of enzymes and trans-
porters that are central to the pharmacokinetics 
of many drugs, including chemotherapy. For 
example, ritonavir is known to significantly 
inhibit the CYP3A4 enzyme in the liver, caus-
ing increased levels of coadministered drugs, 
which are also metabolized by this crucial 
enzyme. When treating HIV, we have used 
this fact to our benefit by coadministering other 
anti retroviral therapies with ritonavir in order 
to ‘boost’ antiretroviral drug levels. This same 
beneficial ‘boosting’ of coadministered antiret-
roviral agents could cause significant complica-
tions in patients treated with chemotherapy for 
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NADCs.  Over half of all chemotherapy drugs 
are metabolized by CYP3A4. The inhibition 
of this enzyme by ritonavir and other HAART 
agents could significantly increase chemother-
apy drug levels, leading to more severe, and 
even life-threatening toxicities. Other HAART 
agents can induce the activity of metabolizing 
enzymes in the liver. Enzyme induction may 
lead to more rapid metabolism and elimina-
tion of chemotherapy drugs, in turn, lowering 
their efficacy. 

Unfortunately, and for too long, patients 
infected with HIV have been excluded from 
chemotherapy trials. This exclusion has 
occurred both in pharmaceutical-sponsored 
trials as well as government-funded coopera-
tive group trials. However, this is beginning to 
change through a new effort by the National 
Cancer Institute (NCI) of the NIH. Leaders at 
the NCI are pursuing a multipronged strategy 
to overcome this deficit in clinical experience. 
New cooperative group trials will be encour-
aged to enrol HIV-positive patients and perform 
a subset analysis of these patients in terms of 
treatment toxicity, efficacy and HIV-related 
complications. In addition, a new series of phar-
macokinetic studies will be pursued to study 
how patients with HIV on HAART tolerate 
new targeted chemotherapy drugs. We are the 
national co-chairs for the first such trial, spon-
sored by the NCI and the AIDS Malignancy 
Consortium, which will study the use of suni-
tinib (Sutent®, Pfizer) in HIV patients on 
HAART who also have cancer. 

Clearly, all of these issues and complications 
would be avoided if patients infected with HIV 
could be prevented from developing cancer 
in the first place. Thus, prevention strategies 
need to be front and center, and pursued by all 
physicians caring for HIV patients. Aggressive 

smoking cessation programs can dramatically 
affect the incidence of head and neck, lung and 
other malignancies. Vaccinations against viral 
coinfections including HBV and HCV, as well 
as human papillomavirus, could be beneficial 
in lowering the risks of viral-mediated cancers.

Conclusion
The development of HAART has dramati-
cally improved the prognosis of patients diag-
nosed with HIV infection, both in the USA 
and around the world. Unfortunately, a bur-
geoning epidemic of NADCs in patients with 
HIV now requires a concerted clinical research 
effort in order to better determine its etiology, 
biology, prevention and treatment. Fortunately, 
leaders within the AIDS research community, 
as well as at the NIH and other public health 
agencies, have recognized this growing pub-
lic health threat and have begun to address it. 
Much clinical research will be necessary. 

Those involved in the care of HIV-positive 
patients need to be aware of this growing threat to 
their patients and address the issues of risk reduc-
tion and prevention in their clinics. Hopefully, 
in the years ahead we will have the same success 
in treating this growing epidemic of NADCs as 
we did over the past decade with the diagnosis 
and treatment of AIDS-defining malignancies.
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