Epidemiology and Clinical Characteristics
of Non-AIDS-Defining Malignancies

Elizabeth Y. Chiao

Abstract Since the widespread introduction of HAART over 10 years ago, the
epidemiology of HIV-related malignancies has been evolving. While the incidence
and the mortality of AIDS-defining cancers (Kaposi sarcoma and non-Hodgkin lym-
phoma, in particular) have been decreasing, the incidence of and the mortality from
non-AIDS-defining malignancies appear to be increasing. This chapter reviews the
recent literature published on the epidemiology and clinical manifestations, includ-
ing outcomes of non-AIDS-defining malignancies. Although HAART has improved
survival from opportunistic infections and AIDS-defining malignancies; it appears
that HIV-infected individuals on HAART still have an elevated incidence of certain
non-AIDS malignancies (especially those that are mediated by viral oncogenesis,
such as EBV and HPV). In addition, it is unclear if utilization of HAART during
treatment results in equivalent survival compared to HIV-negative individuals. The
focus of the chapter will be on the more common non-AIDS malignancies such as
Hodgkin disease, SCCA, and lung cancer. However, the epidemiology of other non-
AIDS-defining malignancies will also be discussed including skin cancer, head and
neck cancer, conjunctival cancer, testicular cancer, leiomyosarcoma, hepatocellular
carcinoma, breast cancer, multiple myeloma, leukemia, colon cancer, and prostate
cancer.

Introduction

Since the advent of widely available highly active antiretroviral therapy (HAART),
individuals with human immunodeficiency virus (HIV) infection have had signifi-
cantly improved survival and decreased mortality from AIDS-related infections and
AIDS-defining malignancies, including Kaposi sarcoma, non-Hodgkin lymphoma,
and cervical cancer (Goedert et al., 1998; Grulich et al., 1999). However, with longer
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survival, it has become evident that individuals with HIV disease are now at higher
risk for other non-AIDS-defining malignancies. In addition to the three AIDS-
defining malignancies, multiple recent cohort studies and linked AIDS—cancer
registry studies have found that HIV-infected people are also at significantly higher
risk for malignancies not included in the AIDS definition. These non-AIDS-defining
cancers include squamous cell cancer of the anus (SCCA), Hodgkin lymphoma,
lung cancer, head and neck cancers, testicular cancer, basal cell cancer of the skin,
squamous cell cancer of the skin, and melanoma (Grulich et al., 1999; Petruckevitch
et al., 1999; Serraino et al., 2000; Frisch et al., 2001; Mbulaiteye et al., 2003; Patel
et al., 2004).

The non-AIDS-defining malignancies in HIV-infected patients present an evolv-
ing clinical picture. It is likely that non-AIDS-defining malignancies will become
more prevalent as the HIV-positive cohort ages. However, there are many unre-
solved questions regarding the epidemiology, natural history, and outcomes for
non-AIDS-defining malignancies. Although HIV-infected individuals are at higher
risk for cancers such as squamous cell cancer of the anus (SCCA), Hodgkin dis-
ease, and lung cancer, these are still relatively rare events. Therefore, the majority
of data regarding the natural history and outcomes for these cancers are based on
small case series. Thus, it is difficult to answer specific questions such as whether
these neoplastic processes may present at later stages and have a more aggres-
sive course in HIV-infected patients as compared to the general non-HIV-infected
population (Sridar et al., 1992; Vyzula, 1996; Powles et al., 2003b). Finally, opti-
mal therapies, including the utilization of HAART during cancer treatment and the
initiation of HAART at higher CD4 levels, also continue to evolve. This chapter
focuses on the epidemiology and clinical manifestations, including outcomes of
non-AIDS-defining malignancies. While the focus of the chapter will be on the
more common non-AIDS malignancies such as Hodgkin disease, SCCA, and lung
cancer, other non-AIDS-defining malignancies including skin cancer, head and neck
cancer, conjunctival cancer, testicular cancer, leiomyosarcoma, hepatocellular carci-
noma, breast cancer, multiple myeloma, leukemia, colon cancer, and prostate cancer
will also be discussed.

Epidemiology

HAART has significantly changed the epidemiology of HIV disease in the United
States, Europe, Australia, and other countries with widespread HAART access. Two
studies have shown that the proportion of deaths due to malignancies has increased
in the HAART era (Louie et al., 2002; Lewden et al., 2005). Louie et al. (2002)
found that non-AIDS-defining malignancies increased as a cause of death in San
Francisco County from 6.4% in 1994 to 10.9% in 1998 (p<0.01). In addition,
in France, Lewden et al. (2005) reported that non-AIDS-associated malignancies
were the third leading cause of death and that these malignancies caused 11%
of all deaths in the year 2000. Finally, a study conducted by the Data Collection
on Adverse Events of Anti-HIV Drugs (D:A:D) evaluated factors associated with
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mortality due to non-AIDS-defining malignancies (nADMs) and AIDS-defining
malignancies (ADMs) in their cohort of 23,437 patients under active follow-up from
December 1999 to April 2001 (Monforte et al., 2008). They found that the over-
all mortality rate of nADMSs was higher than that of ADMs. The death rate from
nADMs was 1.8 per 1,000 person-years of follow-up [95% confidence interval (CI)
1.5-2.1] compared to that from ADMs of 1.1 per 1,000 person-years of follow-
up (95% CI 0.9-1.2). In addition, they found that in multivariable analysis, both
low latest CD4 count and increasing age were associated with an increased risk of
death from nADMSs and ADMs. Other factors such as combined antiretroviral ther-
apy (cART) utilization increased the risk of death for nADMs only. It is unlikely
that cART itself increases the risk for nADMs. Rather it underscores the complex
relationship between prolonged survival with HIV disease, immunosuppression,
and the diagnosis of and survival from nADMs. Furthermore, several cohort stud-
ies performed in the pre-HAART era failed to convincingly show an increased
risk of non-AIDS-related malignancy in HIV-infected people (Hajjar et al., 1992;
Biggar et al., 1994). These studies add further evidence to support the changing
epidemiology of nADMs in the HAART era.

More recent linkage analyses of data from AIDS and cancer registries have
shown statistically significant increases in the age-standardized incidence ratio
(SIR) or the relative risk (RR) of non-AIDS-defining malignancies for HIV-infected
cohorts as compared to standardized populations (Goedert et al., 1998; Franceschi
et al., 1998; Grulich et al., 1999; Serraino et al., 2000; Gallagher et al., 2001; Frisch
et al., 2001; Allardice et al., 2003; Herida et al., 2003; Dal Maso et al., 2003a).
Although there have been some issues with the calculation of age-standardized inci-
dence ratios (SIRs) (Chaturvedi et al., 2008), this technique has been utilized by
large AIDS—cancer match registries, the largest of which includes over 150,000
HIV-infected individuals. These studies have shown a relationship between HIV
infection and a large number of cancers including Hodgkin disease (Grulich et al.,
1999; Serraino et al., 2000; Frisch et al., 2001; Gallagher et al., 2001; Dal Maso
et al., 2003a; Patel et al., 2008), anal cancer (Frisch et al., 2001; Gallagher et al.,
2001; Grulich et al., 2002; Dal Maso et al., 2003a; Patel et al., 2008), lung can-
cer (Frisch et al., 2001; Gallagher et al., 2001; Allardice et al., 2003; Dal Maso
et al., 2003a), testicular cancer (Frisch et al., 2001; Gallagher et al., 2001), lip
cancer (Frisch et al., 2001; Grulich et al., 2002), melanoma (Frisch et al., 2001),
liver cancer (Frisch et al., 2001; Allardice et al., 2003), multiple myeloma (Frisch
et al., 2001; Gallagher et al., 2001; Grulich et al., 2002), brain cancer (Frisch et al.,
2001; Gallagher et al., 2001; Dal Maso et al., 2003a), leukemia (Frisch et al., 2001;
Grulich et al., 2002; Dal Maso et al., 2003a), and cancers of the salivary glands,
skin (non-KS) (Gallagher et al., 2001; Allardice et al., 2003) and soft/connective
tissue (Frisch et al., 2001; Gallagher et al., 2001; Grulich et al., 2002). None of the
AIDS—cancer match studies found an increased risk of breast cancer, colon can-
cer, or prostate cancer. Both Frisch et al. (2001) and Gallagher et al. (2001) found
a statistically significant decrease in the risk of prostate and bladder cancer, and
Gallagher et al. (2001) found a statistically significantly decreased risk of esophagus
and colon cancer.
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Because these studies are not analyses of primary data, the relationship between
HIV and certain cancers needs to be interpreted with caution due to possible
detection bias and/or miscoding. For example, it is unlikely that HIV infection is
associated with rare sarcomas of the soft/connective tissue. Rather, it is likely that
Kaposi sarcomas were miscoded as soft/connective tissue cancers. These AIDS—
cancer registry studies may also be biased because they compare cancer rates
of patients with AIDS to age-matched incidence rates in the general population.
However, HIV-infected individuals often have specific risk behaviors which distin-
guish them from the general population, such as higher rates of intravenous drug
use and a larger population of men who have sex with men (MSM). Thus, higher
liver cancer SIRs may be associated with an increased rate of infection with hepatitis
B and C among HIV-infected individuals rather than the immunosuppression associ-
ated with HIV infection itself. Thus, prospective studies may have fewer miscoding
biases, but the rate ratios or SIRs associated with comparing the rates of cancer
among HIV-infected individuals compared to the general population still need to be
interpreted with caution.

Studies Comparing the Pre-HAART Era and the HAART Era

Two prospective studies have been performed that included data on the development
of non-AIDS-defining malignancies and included data collected after the introduc-
tion of HAART (Herida et al., 2003; Patel et al., 2008). Patel et al. (2008) evaluated
54,780 HIV-infected individuals enrolled in the Adult and Adolescent Spectrum of
HIV Disease Project (ASD) and the HIV Outpatient Study (HOPS). They evaluated
cancer diagnoses from 1992 to 2003 and found 708 non-AIDS-defining cancers.
Among the non-AIDS-defining cancers, they found increased SIRs for anal, vagi-
nal, liver, lung, oropharyngeal, colorectal and renal cancers, Hodgkin lymphoma,
melanoma, and leukemia. They also found a significantly decreased SIR for prostate
cancer. In addition, they evaluated SIRs by year of diagnosis, comparing the pre-
HAART era (1992-1995), the early HAART era (1996-1999), and the late HAART
era (2000-2003). They found that the incidences of anal, Hodgkin lymphoma,
melanoma, colorectal, and prostate cancers all showed an increase in rates when
a p-value was calculated for linear trend.

In addition, the authors conducted a multivariable analysis to describe factors
associated with each type of cancer among HIV-infected persons. They found that
antiretroviral therapy was associated with a decreased risk for AIDS-defining malig-
nancies (Kaposi sarcoma, non-Hodgkin lymphoma, and cervical cancer). However,
they also found that the use of antiretroviral therapy was associated with a decreased
risk of breast cancer, colorectal cancer, and lung cancer. A low nadir CD4 count was
associated with an increased risk of the AIDS-defining malignancies, as well as anal
cancer, colorectal cancer, and lung cancer.

In France, Herida et al. (2003) performed a similar study that included 77,025
HIV-infected patients followed from 1992 to 1999. The median follow-up was
32 months. They divided the period of study enrollment into two periods: the
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pre-HAART era including 1992-1995 (P1) and the post-HAART era including
1996-1999 (P2). They reported an overall increase of non-AIDS-defining malig-
nancies among HIV-infected men but not among women during both periods of the
study. Among men, they found that the incidence of Hodgkin disease was elevated
in both P1 and P2. Howeyver, oral, colon, rectal and anal cancer, stomach, and CNS
cancers were all statistically significantly elevated in P1, but none of these cancers
showed an increased incidence in P2. Instead, only lung cancer and kidney cancer
were elevated in P2. The incidence of Hodgkin disease was higher in women than in
the general population during both P1 and P2 and, as in men, the incidence of lung
cancer was higher during P2. Of note, the incidence of breast cancer was signifi-
cantly lower in HIV-infected women than in the general French population during
both P1 and P2. They hypothesized that HAART did not have a measurable impact
on the incidence of non-AIDS-defining cancers (Herida et al., 2003).

Studies Linking Risk of Cancer to Level of Imnmunosuppression

Although using time periods to estimate HAART utilization provides some infor-
mation regarding the effect of immunosuppression, several studies also attempted
to use the timing of cancer diagnosis with respect to the development of an “AIDS
diagnosis” as an estimate for evaluating the risk of cancer based on the level of
immunosuppression (Frisch et al., 2001; Gallagher et al., 2001). Frisch et al. (2001)
defined three criteria that suggested that non-AIDS-defining cancers were associ-
ated with immunosuppression: (1) the overall RR for the period from 60 months
before to 27 months after AIDS was significantly elevated, (2) the RR in the early
post-AIDS period was significantly elevated, and (3) there was a statistically signif-
icant increasing trend in the RRs from before to after AIDS onset. Using a test for
trend, they found that Hodgkin disease, lung cancer, penile cancer, soft tissue malig-
nancies, lip cancer, and testicular seminoma met the three criteria associated with
immunosuppression (Frisch et al., 2001). Mbulaiteye et al. (2003) utilized a subset
of the linked AIDS—cancer registry to evaluate the effect of decreasing CD4 count
on various AIDS- and non-AIDS-related malignancies. They found that the rela-
tive risk for oropharyngeal cancer decreased with worsening immunity. Otherwise,
none of the non-AIDS-defining malignancies were affected by the level of immunity
(Mbulaiteye et al., 2003).

Gallagher et al. (2001) used similar criteria for defining immunosuppression-
related cancers for patients diagnosed in New York state. They divided the time
intervals for developing cancer into four time periods: 5-2 years prior to AIDS, 2
years—6 months prior, within 6 months before and 3 months after an AIDS diagnosis,
and 3 months to 5 years after an AIDS diagnosis. Using similar criteria to those used
by Frisch et al. (2001), they found that cancers of the rectum, rectosigmoid and
anus, trachea, bronchus and lung, skin, and connective tissues among males were
associated with increasing immunosuppression (Gallagher et al., 2001).

Again, the associations between immunosuppression approximated by time peri-
ods and cancer diagnoses need to be interpreted with caution. Because cancer often
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takes 5-10 years to develop, all associations that are derived from time-based vari-
ables will likely be confounded by length of survival with HIV. Therefore, those
patients who have cancer diagnosed 3 months to 5 years after an AIDS diagnosis
will likely be more immunosuppressed than those diagnosed with cancer 2 years
to 6 months prior to the AIDS diagnosis, but these patients will also likely have
survived longer (because a diagnosis of AIDS is highly associated with mortality)
(El-Sadr, Lundgren et al., 2006) and thus are inherently at higher risk for cancer.
On the other hand, those studies which used temporal associations to estimate the
effect of immunosuppression corroborate other studies, including Patel et al., that
have specifically evaluated the effect of nadir CD4 count, a more direct measure
of immunosuppression. Thus, taken together, it is likely that immunosuppression
does increase the risk of several non-AIDS-defining malignancies, including anal
and lung cancers.

The Effect of Interrupted Antiretroviral Therapy on the Risk
of Cancers

The SMART study was a landmark study evaluating the use of episodic antiretro-
viral therapy guided by CD4+ count or drug conservation (DC) as compared with
continuous antiretroviral therapy or viral suppression (VS). Although the authors
initially hypothesized that the continuous use of combination antiretroviral ther-
apy might be associated with adverse events, the study was prematurely terminated
because there was a significant increase in all-cause mortality rates among those
in the DC arm. In addition, the study showed that continuous use of antiretroviral
therapy was significantly protective for not only AIDS-defining illnesses but also
non-AIDS-defining illnesses. In a follow-up analysis, Kuller et al. (2008) compared
biomarkers of chronic inflammation and coagulation, including high-sensitivity
C-reactive protein (hsCRP), interleukin-6 (IL-6), amyloid A, amyloid P, D-dimer,
and prothrombin fragment 1+2 in the DC and VS arms of the SMART study, and
also performed a nested case—control study to evaluate the relationship between
these biomarkers and death. They showed that uncontrolled HIV replication was
associated with increases in many markers of inflammation and coagulation, includ-
ing hsCRP, IL-6, and D-dimers. Markers of chronic inflammation, such as CRP, have
been associated with colon cancer (Chiu et al., 2008; Tsilidis et al., 2008).

A follow-up study evaluating all AIDS-defining and non-AIDS-defining malig-
nancies in the SMART study found a significantly increased risk of AIDS-defining
malignancies and an insignificant trend toward increased risk of non-AIDS-defining
malignancies. Of a total of 5,472 participants, 70 patients developed cancer; there
were 13 ADMs and 58 nADMs. The rate of all ADMs was significantly lower in
the VS than in the DC arm. The rate of all nADMs was lower in the VS arm, but
this difference was not statistically significant. The most common cancers were
skin, lung, and prostate cancers, and the factors that predicted nADM included
older age, cigarette use, and undetectable viral load at the start of the study. The
authors note that because the number of cancers was small, the apparent association
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with undetectable viral load may have occurred by chance; however, it is also
possible that those with undetectable viral load may be long-term survivors and
may have been infected with HIV for a longer time. The authors also note that
because the SMART study was prematurely discontinued, it was not powered ade-
quately to observe rare non-AIDS-defining cancers (Silverberg et al., 2007). The
mean follow-up was only 16 months, which also decreased the power to detect
cancers.

Meta-analysis Comparing HIV-Infected Individuals to Solid
Organ Transplant Recipients

To further evaluate the relationship between immunosuppression and incidence of
non-AIDS-associated cancers, Grulich et al. (2007) conducted a meta-analysis of
cancer risk that pooled data from several different cohorts of HIV-infected individ-
uals and immunosuppressed solid organ transplant recipients. They included seven
HIV/AIDS studies and five transplant studies comprising a total of 444,172 individ-
uals with HIV and 31,977 transplant recipients. In both populations, there was an
increased SIR for cancers with a known infectious cause, including all three types
of AIDS-defining cancer (Kaposi sarcoma, non-Hodgkin lymphoma, and cervical
cancer) and other HPV-related cancers (anal, vulvar/vaginal, and penis), as well as
Hodgkin lymphoma (EB V-related), liver cancer (hepatitis B/C related), and stomach
cancer (Helicobacter pylori related).

In addition, cancers possibly associated with HPV, such as non-melanoma skin,
lip, esophageal, laryngeal, and eye cancers, were also increased. Finally, the SIRs
for lung, kidney, multiple myeloma, leukemia, and melanoma were also elevated
for both HIV-infected individuals and transplant recipients. However, cancers of the
breast, prostate, and ovary were not elevated in either population (see Table 1). Of
note, meta-analysis SIRs were elevated only among transplant recipients for bladder,
thyroid, and colorectal cancers. The authors hypothesize that cancers that show ele-
vated SIRs for both transplant recipient and HIV-infected populations share immune
deficiency, a contributing factor for the increased risk observed, as opposed to other
lifestyle factors. However, the results need to be interpreted with caution because
the heterogeneity score for most of these analyses approached significance or was
significant.

Table 1 Meta-analysis SIRs for HIV AIDS-defining and non-AIDS-defining cancers (adapted
from Grulich et al.)

Observed
Meta-analysis number of Number of  Heterogeneity
Type of cancer SIR (95% CI) cancers studies p-value
EBV-related cancers
Hodgkin lymphoma 11.03 (8.43-14.4) 802 7 0.00
Non-Hodgkin lymphoma  76.67 (39.4-149) 5,295 6 0.00

Nasopharyngeal cancer 2.90 (1.80-4.66) 2 Not reported
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Observed
Meta-analysis number of Number of  Heterogeneity
Type of cancer SIR (95% CI) cancers studies p-value
HHV-8-related cancer
Kaposi sarcoma 3,640.0 494 1 Not reported
(3,326-3,976)
HBV/HCV
Liver cancer 5.22 (3.32-8.20) 133 7 0.01
H. pylori-related cancer
Stomach 1.90 (1.53-2.36) 89 7 0.49
HPV-related cancers
Cervix uteri 5.82 (2.98-11.3) 104 6 0.00
Vulva and vagina 6.45 (4.07-10.2) 21 2 0.55
Penis 4.42 (2.77-7.07) 21 3 0.52
Anus 28.75 (21.6-38.3) 303 6 0.03
Oral cavity and pharynx 2.32 (1.65-3.25) 238 4 0.07
Possibly HPV-related cancers
Non-melanoma skin 4.11 (1.08-16.6) 121 4 0.00
Lip 2.80 (1.91-4.11) 30 2 0.45
Esophagus 1.62 (1.20-2.19) 48 4 0.53
Larynx 2.72 (2.29-3.22) 142 4 0.55
Eye (conjunctiva) 1.98 (1.03-3.81) 11 2 0.92
Non-infectious related
Breast 1.03 (0.89-1.20) 194 6 0.60
Prostate 0.70 (0.55-0.89) 202 6 0.22
Colon and rectum 0.92 (0.78-1.08) 224 5 0.34
Ovary 1.63 (0.95-2.80) 30 5 0.34
Trachea, bronchus, and 2.72 (1.91-3.87) 1,016 7 0.00
lung
Brain 2.18 (1.29-3.68) 192 7 0.00
Kidney 1.50 (1.23-1.83) 93 6 0.79
Leukemia 3.20 (2.51-4.09) 235 7 0.19
Melanoma 1.24 (1.04-1.48) 200 6 0.37
Multiple myeloma 271 (2.13-3.44) 76 6 0.78
Testis 1.35 (1.01-1.79) 216 7 0.16227

In summary, immune suppression from HIV disease appears to increase the
risk for AIDS-defining and non-AIDS-defining malignancies. The link between
immunosuppression and AIDS-defining cancers appears to be more direct; how-
ever, chronic immunosuppression likely plays a role in the development of many
non-AIDS-defining malignancies in HIV-infected individuals. The cancers which
are associated with viral etiologies, especially Epstein—Barr virus and human
papillomavirus, appear to show the strongest association between HIV-associated
immunosuppression and cancer incidence. The rest of this chapter will describe
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specifics of some of the most common non-AIDS-defining malignancies, including
Hodgkin disease, anal, and lung cancers.

Hodgkin Disease

Hodgkin lymphoma (HL) is one of the most common non-AIDS-defining tumors in
HIV-infected patients. The risk for developing HL ranged from 4 to 16 times that
of the general population in several different prospective cohort and AIDS—cancer
registry match studies (Frisch et al., 2001; Grulich et al., 2002; Allardice et al., 2003;
Dal Maso et al., 2003a; Clifford et al., 2005; Patel et al., 2008).

HL among HIV-infected individuals appears to have a different etiology and epi-
demiology compared to HL. among HIV-uninfected individuals. First, nearly all of
AIDS-associated Hodgkin lymphomas are EBV positive, while less than 50% of
HIV-uninfected cases are EBV positive (Uccini et al., 1989). Second, while the
incidence of non-AIDS-associated HL has decreased over the past 30 years, the
majority of recent studies show an increase in incidence of HL in HIV-infected
individuals (Grulich et al., 2002) and a clear relationship between the incidence of
disease and immunodeficiency. Glaser et al. (2003) reported that from 1988 to 1998
in the Greater San Francisco Bay area, incidence rates by race of HIV-associated HL.
were overall higher for whites (11%), blacks (22%), and Hispanics (14%) compared
to those with non-HIV-associated HL. Further, data from AIDS cohort and registry
matching studies showed a relative risk of HL in HIV that ranged from 2.5 to 8.5
(Franceschi et al., 1998; Spina et al., 1999a, b). Finally, in the HIV population, the
HL histologic subtypes often seen are those associated with worse prognosis, includ-
ing mixed cellularity and lymphocyte-depleted variant (Tirelli et al., 1995a; Glaser
et al., 2003; Hoffmann et al., 2004). In a cooperative study in Spain, Rubio and col-
leagues reported that individuals with AIDS-associated HL showed the following
distribution of histologic subtypes: mixed cellularity (41.3%), lymphoid depletion
(21.7%), nodular sclerosis (21.7%), and lymphocytic predominance (4.3%) (Rubio,
1994). Biggar et al. (2006) also reported that the incidence of nodular sclerosing
HL was higher among those people with AIDS (PWAs) with low CD4 counts and
that HL risk significantly increased among those with intermediate CD4 counts
(150-199 cells/pl) compared to those with low CD4 counts (<50 cells/jl). Thus,
because the incidence of HL is significantly higher among those with higher CD4
cell counts, mixed cellularity and other histologic subtypes of HL appear to occur
more frequently among PWAs.

Clinical Presentation of HL

In addition to its distinct epidemiology, HL occurring in the HIV population exhibits
clinical features that are distinct from HL in the general population. HIV-infected
individuals are more likely to present with advanced-stage disease, extranodal
involvement, and systemic symptoms (B symptoms), including fever, night sweats,
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and/or weight loss (Vaccher et al., 2001; Glaser et al., 2003; Spina et al., 2003;
Doweiko et al., 2004). In the pre-HAART era, approximately 75% of patients
were shown to have advanced-stage disease. Bone marrow involvement occurred
in 40-50% of individuals and was the first sign of HL in 20% of cases (Ree et al.,
1991; Errante et al., 1994; Rubio, 1994; Tirelli et al., 1995a, b).

Treatment of HL

Optimal regimen for HL in HIV-infected individuals has not yet been defined.
Antineoplastic treatment of AIDS-associated HL presents challenges because the
underlying immunodeficiency caused by HIV may be further compromised by
additional chemotherapy. Further, CD4+ counts in these individuals may decrease
significantly during treatment, increasing the risk of opportunistic infections (OI)
(Berretta et al., 2003).

Prior to HAART, HIV-infected individuals with HL had a median survival of only
8-26 months (Berretta et al., 2003). Gerard et al. (2003) in a retrospective study
over 15 years estimated that the 2-year survival probability was 45% in the pre-
HAART period and 62% in the post-HAART period. HIV-infected individuals who
received and responded to HAART within 2 years of their HL diagnosis were shown
to have overall survival of 89% at 24 months (median survival was not reached),
whereas median survival time in patients without a response to HAART was only
18.6 months (Hoffmann et al., 2004).

Chemotherapy and HAART

Although several prospective trials have now been performed using antiretrovi-
ral drugs together with different chemotherapy regimens, the standard regimen for
HIV-uninfected individuals, doxorubicin (Adriamycin), bleomycin, vinblastine, and
dexamethasone (ABVD), remains the most commonly used. Several other regimens
have been tested, however. The combination of bleomycin, etoposide, doxoru-
bicin, cyclophosphamide, vincristine, procarbazine, and prednisone (BEACOPP)
was tested in 12 patients of whom 5 received concurrent HAART. Complete remis-
sion (CR) was achieved in all patients. Nine of the twelve patients remained in
complete remission for their individual follow-up period, which lasted a median
of 49 months. The most common observed toxicity was bone marrow suppression,
with grade 3/4 leukopenia in 75% (Hartmann et al., 2003).

Another prospective, non-randomized trial evaluated epirubicin, bleomycin,
vinblastine, and prednisone (EBVP) administered with HAART and G-CSF (gran-
ulocyte colony-stimulating factor) in 35 previously untreated patients. The median
survival was 16 months, the survival rate was 32%, and the disease-free survival
was 53% at 36 months. Toxicity was moderate, with grade 3/4 leukopenia observed
in 32% of patients and thrombocytopenia in 10% of patients. Forty-eight percent of
patients died of HL and 9% died of OI (Errante et al., 1999).
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Spina et al. (2002) tested the Stanford V regimen (doxorubicin, vinblastine,
mechlorethamine, etoposide, vincristine, bleomycin, and prednisone) and radiother-
apy with HAART and G-CSF in a phase II prospective study in 59 HIV-infected
individuals. Sixty-nine percent of patients completed treatment with no dose reduc-
tion or chemotherapy delays. Bone marrow toxicity and neurotoxicity were the
most notable dose-limiting adverse effects. Complete remission was seen in 81%
of patients, and 56% of patients were alive and disease-free at median follow-up of
17 months.

Finally, Berenguer et al. (2008) utilized data from the Spanish Group de Estudio
del SIDA (GESIDA) clinical trials group to compare treatment and outcomes
between HIV-infected HL patients who received HAART and those who did not.
The median survival for the entire cohort of 104 patients was 110 months. The
S-year survival was 44% in the group that did not receive HAART and 72% in
the HAART group. They found that the following factors were associated with
complete remission: (1) appropriate-for-stage therapy: this group used ABVD
or mechlorethamine, vincristine, procarbazine, prednisone (MOPP) followed by
Adriamycin, bleomycin, vinblastine (ABV); (2) HAART utilization; and (3) CD4
count >100.

Anal Cancer

Although squamous cell cancer of the anus (SCCA) is a relatively rare cancer in the
United States, the rate in the United States is increasing. A recent US population-
based analysis of Surveillance, Epidemiology and End Results (SEER) program
data found that the incidence of SCCA in the United States among men increased
from 1.06 per 100,000 from 1973 to 1979 to 2.04 per 100,000 from 1996 to 2004
(Johnson et al., 2004). Other recent studies have shown a steady increase in the
incidence of SCCA during the past three decades (Daling et al., 1987; Melbye et al.,
1994), with significant increases among never married men in the San Francisco
Bay Area (Melbye et al., 1994; Cress and Holly, 2003). These data likely reflect the
significant increased risk of anal cancer among men who have sex with men (MSM)
and HIV-infected MSMs.

Among MSM, the incidence of anal cancer has been estimated to be 35 cases
per 100,000, comparable to the incidence of cervical cancer in women prior to the
introduction of routine cervical Papanicolaou (Pap) screening (Daling et al., 1987,
Melbye et al., 1994; Frisch et al., 2000, 2001, 2003). The incidence of SCCA among
HIV-infected populations reported from prospective cohort studies ranged from 3.9
to 92 per 100,000 and the relative risks reported ranged from 33.4 to 222 (Grulich
et al., 1999; Bower et al., 2004; Clifford et al., 2005).

Clinical Features of Anal Cancer

Several studies have shown that HIV-infected patients with SCCA were younger
than HIV-uninfected patients Chiao et al., (2008; Oehler-Janne et al., 2008). Using
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national Veteran’s Affairs data, our group found that HIV-infected individuals were
more likely to be younger (median age 49 for the HIV infected compared to 63 for
the HIV uninfected), male, and of African-American race compared to the HIV-
uninfected individuals. We did not find a difference in the stage of the disease
at presentation; in fact, the HIV-infected patients were more likely to have been
diagnosed with in situ disease (Chiao et al., 2008).

Anal Cancer Treatment and Outcomes

Combined chemoradiotherapy is the primary treatment of choice, with surgical
treatment reserved for relapsed disease. The 5-year survival in the general popu-
lation is 70-80% (Northover, 1991; Clark et al., 2004). Only eight small case series
(ranging from 4 to 26 patients) describe outcomes of HIV-associated SCCA, with 5-
year survivals ranging from 47 to 60% (Doci et al., 1992; Pitcher et al., 1994; Arnott
et al., 1996; Flam et al., 1996; John et al., 1996; Gerard et al., 1998; Myerson et al.,
2001; Jephcott et al., 2004). The majority of cases were diagnosed at either stage
1 or stage 2 (localized tumor without lymph node invasion) and received combined
chemoradiotherapy. Most series reported some toxicity associated with therapy, with
one reporting up to 50% of patients unable to complete planned therapy (Bottomley
et al., 1996; Hocht et al., 1997; Peddada et al., 1997; Hoffman et al., 1999; Cleator
et al., 2000; Stadler et al., 2004; Blazy et al., 2005). In three studies that specifi-
cally compared survival among patients with SCCA in the pre-HAART vs. HAART
eras, there was a non-significant trend toward improved survival, better tolerabil-
ity of chemoradiotherapy, and improved local tumor control in the HAART era
(Cleator et al., 2000; Bower et al., 2004; Stadler et al., 2004; Blazy et al., 2005).
Several studies have shown that individuals with HIV infection and SCCA have
similar overall survival and outcomes when compared to HIV-uninfected individu-
als (Chiao et al., 2008; Oehler-Janne et al., 2008). Ochler-Janne et al. (2008) found
that although overall survivals of HIV-infected and HIV-uninfected patients were
similar, the 5-year disease-free survival was significantly shorter (38% vs. 87%,
respectively). They also found that HIV-infected patients had more acute toxicity
associated with chemoradiotherapy compared to HIV-uninfected individuals, thus
suggesting that although overall survival was similar in the two groups, a more
tolerable chemoradiotherapy regimen will need to be explored for HIV-infected
individuals (Oehler-Janne et al., 2008).

Screening for Anal Cancer

SCCA shares many biologic similarities with cervical cancer, including detectable
dysplastic precursor lesions and high-risk HPV infection. Thus, the institution
of annual anal Pap screening for HIV-infected patients has been recommended
(Beckmann et al., 1989; Bosch et al., 1995). Anal Pap smears are obtained by ran-
domly obtaining squamous cells from the anal canal using a Dacron swab. They
are then fixed in liquid fixative medium. Similar to cervical cytology protocols,
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abnormal anal cytologic findings are confirmed by high-resolution anoscopy
(HRA)-directed biopsy of visualized lesions. The 2001 revised Bethesda system
of cytologic classification includes a basic primer on anal cytology and uses the
system of cervical cytologic classification for classifying anal cytology (Darragh
et al., 2004). Anal Pap smears have a similar sensitivity and specificity to cer-
vical Pap smears (Cocchi et al., 1997; Palefsky et al., 1997; Woodhouse et al.,
1999; Stoler and Schiffman, 2001; New York State AIDS Malignancy Consortium,
2004). Although there are no definitive clinical studies showing that anal Pap smears
decrease SCCA-related morbidity and mortality among HIV-infected individuals, a
recent cost-effectiveness analysis found that the incremental cost-effectiveness ratio
per quality-adjusted life year saved was $16,000, which is similar to other widely
accepted screening procedures (Goldie et al., 1999). Although anal Pap smears
are not currently standard of care at this time, individual practitioners are offering
anal Pap smear screening and follow-up HRA, but currently there is no consensus
regarding the clinical utility of anal Pap smear screening (Chiao et al., 2000).

Effect of HAART on Anal Dysplasia

Like studies evaluating the effect of HAART on cervical dysplasia, studies eval-
uating the effect of HAART on anal dysplasia report conflicting results, likely
related to the significant design and methodological differences between these stud-
ies. Palefsky et al. (2001) compared the rates of progression and regression of anal
dysplasia after 6 months of HAART. They found that the likelihood of lesion pro-
gression or regression was not affected by HAART initiation, but they noted that
among patients starting HAART at higher CD4 counts, the use of HAART was asso-
ciated with a non-significant benefit on anal dysplasia lesions. In a subsequent study,
Palefsky et al. (2002) performed a cross-sectional analysis on the prevalence of AIN
3 among a cohort of 433 HIV-positive men. They found that men on HAART had
an increased risk of 12.6 (95% CI, 2.4-64) for AIN 2 or 3 after adjustment for CD4
count. In contrast, Wilkin et al. (2004) conducted a cross-sectional study evaluating
anal HPV infection and anal dysplasia in 98 HIV-positive men. In a multivariate
analysis they found that HAART and higher nadir CD4 count were significantly
protective for anal dysplasia by histology but were not protective for anal HPV
infection. Therefore, it remains unclear if HAART initiation influences the natural
history of AIN in HIV-infected individuals.

Treatment outcomes for anal dysplasia have been reported only for small
case series. Current treatment options are similar for HIV-positive and HIV-
negative individuals. These treatments include surgical ablation, infrared coagu-
lation, imiquimod, and topical 5-FU (Chang et al., 2002; Kreuter et al., 2004;
Goldstone et al., 2005; Graham et al., 2005).

Lung Cancer

The incidence of lung cancer in the United States in the year 2000 was greater than
70 per 100,000, and approximately 160,000 new cases were diagnosed in 2000.
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Lung cancer is the leading cause of cancer deaths in the United States among both
men and women (American Cancer Society, 2000). Because of the increased risk
associated with smoking and because individuals with HIV disease have higher
smoking rates (Parker and Leveno, 1998), the incidence of lung cancer appears
to be higher among HIV-infected individuals. Although Serraino et al. (2000) and
Grulich et al. (1999) did not find an increased risk of lung cancer in two cohorts
of HIV-infected patients from Italy and Australia, and Cooksley et al. (1999) did
not find an increased risk of lung cancer in a linked AIDS—cancer registry linked
study from Harris County, Texas (Cooksley et al., 1999), Frisch et al. (2001), and
Gallgher et al. (2001) found an increased SIR/RR when analyzing AIDS—cancer
linked registry data. Engels et al. (2001) also conducted an age-stratified analysis
of the AIDS—cancer registry match and found that patients under age 50, particu-
larly patients in the 30-49-year age group, had a significantly increased incidence of
lung cancer. Also, Parker and Leveno (1998), in a retrospective analysis of the Texas
Department of Health cancer and HIV registries, showed a 6.5-fold increase in the
incidence of lung cancer in HIV-infected people compared to the general US popu-
lation. Finally, Goedert et al. (1998) utilized the AIDS—Cancer Match Registry data
to evaluate the risk of cancer incidence based on the level of immunosuppression as
estimated by the time of cancer diagnosis before (or after) the onset of AIDS. They
found that although lung cancer incidence did not increase with increasing immuno-
suppression, the risk of lung adenocarcinoma was 2.5 (1.0-5.1) in the time period
4-27 months after the diagnosis of AIDS.

Diminished tumor immune surveillance as a result of chronic HIV-related
immunosuppression has been postulated as another variable accounting for the
increased risk of lung cancer in this population (Vaccher et al., 2001; Engels,
2001). Wistuba et al. (1998) found microsatellite instability in a significantly higher
proportion of lung tumor specimens from HIV-infected patients as compared to non-
HIV-infected controls and hypothesized that immunosuppressive states may result
in genomic instability, which, in turn, may play a role in tumor development. Other
factors that have been linked to increased lung cancer risk in HIV-infected patients
include opportunistic lung infections (Tirelli et al., 2000), intravenous drug use, and
the increasing age of HIV patients in the HAART era (Engels, 2001; Herida et al.,
2003).

The Effect of HAART on the Incidence of Lung Cancer

The majority of studies in the post-HAART era show an increased risk of lung
cancer, and the consensus is that the incidence of the disease is stable or may be
increasing since the introduction of HAART (Bower et al., 2003; Dal Maso et al.,
2003b; Herida et al., 2003). In their analysis of a prospective HIV hospital cohort,
Herida et al. (2003) found an increased SIR for lung cancer in the HAART period
(1996-1999), but not in the pre-HAART period (1992-1995). Bower et al. (2003)
analyzed a prospectively acquired database of 8,400 HIV-infected patients between
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1986 and 2001. They found 11 lung cancer cases. The incidence of lung cancer
increased from 0.8 per 100,000 (0.2-3.2) in the pre-HAART era to 6.7 per 100,000
(3.1-13.9) in the post-HAART era. In the post-HAART era, the relative risk of lung
cancer in the HIV-infected population was comparable to that of the general popu-
lation in southeast England, which was 8.93 (4.92-19.98) (Bower et al., 2003). Dal
Maso et al. (2003b), using data from the Italian Cancer and AIDS Registries Study,
found that HIV-infected individuals were at higher risk for lung cancer, but the risk
did not change in the post-HAART era. The overall SIR was 7.4 (4.6—11.3) in the
pre-HAART period and 7.9 (2.1-20.4) in the post-HAART period. A total of 21
lung cancers were identified from 1985 to 1998 (Dal Maso et al., 2003b).

Contribution of Smoking Tobacco to Risk of HIV-Related Lung
Cancer

The increased risk of lung cancer seen in large epidemiologic studies has frequently
been attributed to increased smoking rates in HIV-positive individuals. Serraino
et al. (2000) found that the risk of lung cancer was not significantly increased in a
mixed population of male HIV-positive intravenous drug users and non-intravenous
drug users but was significantly elevated in a cohort of HIV-negative male intra-
venous drug users. Additionally, Dal Maso et al. (2003b) reported that the risk of
lung cancer was significantly higher in intravenous drug users with HIV compared
to other HIV exposure categories. They found that the SIR of lung cancer was 23.9
(11.9—-43.0) among intravenous drug users with HIV and was 4.2 (2.0-7.7) for other
HIV exposure categories (Dal Maso et al., 2003b). Both Serraino and Dal Maso sug-
gested that intravenous drug users, regardless of HIV status, were at higher risk of
lung cancer because of increased tobacco use (Serraino et al., 2000; Dal Maso et al.,
2003b). Although smoking information was not specifically collected, Gallagher
et al. reported that men whose HIV risk factors were either homosexual contact
or intravenous drug use were all at higher risk for lung cancer. In addition, they
found that women in all HIV exposure groups were at higher risk for lung cancer
(Gallagher et al., 2001).

However, HIV infection may increase the risk of lung cancer independent of
tobacco use. Patel et al. (2004) found an increased risk of lung cancer in a prospec-
tive cohort of HIV-infected individuals despite controlling for smoking behavior.
Furthermore, a recent study by Engels et al. (2006) used an urban HIV cohort
from Baltimore, Maryland, to evaluate the risk for lung cancer, specifically con-
trolled for smoking behavior. They found 33 cancers in 5,238 patients, for an
incidence of 170 per 100,000 person-years and an SIR of 4.7 (95% CI, 3.2-6.5).
When they subsequently adjusted the SIR for smoking rates in the HIV-infected
population and a similar urban population (Detroit, Michigan), the SIR decreased
to 2.5 (95% CI, 1.6-3.5) but remained significantly elevated. This suggests that
HIV infection increases the risk for lung cancer above and beyond other behavioral
risks.
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Clinical Characteristics of HIV-Positive Patients with Lung Cancer

As is the case for many other cancers, lung cancer in HIV-infected individuals
presents differently than in HIV-uninfected individuals. Although the mean age of
lung cancer patients in the general population is 68 years Kosary et al., (1995), the
mean age at diagnosis in the HIV population ranged from 38 to 49 years Tirelli
et al., (2000). In the majority of published series, the most common histology was
adenocarcinoma. Adenocarcinoma was diagnosed in between 25 and 60% of cases,
while 0-20% showed small cell histology. The authors of these series reported
between 30 and 60 pack year median tobacco history. Between 13 and 57% of HIV-
positive patients had a history of TB or PCP. A large proportion of cases presented
with advanced-stage, unresectable disease (67-100%), and 0-26% were treated with
surgery.

Patients in the pre-HAART and HAART eras appear to have similar presen-
tations of disease. Bower et al. (2003) found that the only major difference was
the median length of time from HIV diagnosis to lung cancer diagnosis, which
was 2 months in the pre-HAART era and 10 months in the HAART era. Another
recent HAART era study by Powles et al. (2003a) compared the presentation and
outcomes of nine HIV-positive non-small cell lung cancer patients with 27 HIV-
negative age- and stage-matched controls. Seven of the nine HIV-positive patients
were on HAART at the start of treatment. The median age was similar in the HIV-
infected patients and the HIV-uninfected controls (45 and 48 years, respectively).
In this study, a similar percentage presented with adenocarcinoma, and a similar
percentage presented with stage IV disease (66% of HIV-positive patients and 70%
of HIV-uninfected controls). The HIV-uninfected patients had a better performance
status than did the HIV-positive patients, with 52% of HIV-negative patients and
22% of the HIV-positive patients presenting with ECOG performance status less
than 2.

Treatment and Outcomes of Lung Cancer in the HAART Era

Powles et al. (2003a) found that a similar percentage of the HIV-infected and unin-
fected lung cancer patients received chemotherapy (66% of HIV-negative patients
vs. 88% of the HIV-positive patients). Overall survival was the same for HIV-
positive and HIV-negative patients at 4 months (p = 0.55). Cancer-related death
was similar in the HIV-negative patients and the HIV-positive patients (74% vs.
77%) (Powles et al., 2003a). The findings of Powles et al. (2003a) contrast with
previous reports that show inferior survival for HIV-positive patients compared
to HIV-negative patients (Vyzula, 1996; Tirelli et al., 2000; Sridar et al., 1992).
The earlier studies hypothesized that lung cancer was a more aggressive disease
in HIV-positive patients or that fewer HIV-positive than HIV-negative patients
were candidates for curative surgical resection because of poor lung function as
a result of multiple previous opportunistic infection. Poor performance status may
have also contributed to decreased surgical resection or chemotherapy treatment.
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The study by Powles et al. (2003b) was not able to address the issue of surgi-
cal resection because all the patients in the study presented with advanced-stage
disease. However, they hypothesized that the poor outcomes in both the HIV-
positive cases and HIV-negative controls may reflect advanced and aggressive
disease behavior in young people who present with lung cancer as whole and that
lung cancer does not appear to be more aggressive in HIV-positive individuals.
They report that advanced non-small cell lung cancer in HIV-infected individuals
treated with HAART is still associated with a poor outcome, but the outcomes
are similar to HIV-negative controls matched for age and stage (Powles et al.,
2003b).

It is unclear if HAART utilization improves outcomes in HIV-infected patients
with lung cancer. Although there are no data that directly compare the survival
between the pre-HAART era and the HAART era, pooled data from the pre-
HAART era indicate that median survival was approximately 2 months (Sridar et al.,
1992; Vyzula, 1996; Remick, 1996; Alshafie et al., 1997). Powles et al. (2003b)
reported that the survival in the HAART era was 4 months. In addition, Hakimian
et al. (2007) reported that median survival in a cohort of 30 HIV-infected indi-
viduals was approximately 5.2 months, but the majority of these patients (27/30)
were diagnosed with advanced (stage 3B, 4) disease. They hypothesized that
HAART may decrease HIV-related mortality and increase ability to tolerate treat-
ment but that ultimately poor performance status and late diagnoses of cancer in
HIV patients have led to poor outcomes (Hakimian et al., 2007; Powles et al.,
2003b).

In the HAART era, HIV infection per se should not be a contraindication
for surgical intervention or palliative therapy. The available data suggest that
HIV-positive patients with lung cancer should be treated in a similar fashion to
HIV-negative patients based on stage and performance status (Powles et al., 2003a).
In addition, palliative chemotherapy and radiotherapy should be considered for
possible improvement in quality of life. Hematopoietic growth factors may be
necessary to support HIV-positive patients during treatment. Prophylaxis against
opportunistic infection during chemotherapy and radiation therapy and avoidance of
anemia-inducing antiretroviral medications such as zidovudine should be standard
adjunctive treatment measures.

Because lung cancer has such a poor prognosis for HIV-infected individuals and
the incidence appears to be stable or on the rise in the HAART era, it is important
to evaluate prevention, early detection, and treatment initiatives for these patients.
Because surgical resection of early stage disease is the only therapy that has been
associated with long-term survival, a low threshold for early diagnostic interven-
tions, including CT scans, to increase early diagnosis of lung cancer in patients can
be recommended (White et al., 1995). Finally, smoking is also a significant risk fac-
tor for other chronic diseases besides lung cancer for which HIV-positive patients
are at risk, including coronary artery disease (Friis-Moller et al., 2003), emphysema
(Diaz et al., 2000), and head and neck cancers (Powles et al., 2004). A systematic
approach to smoking cessation programs for HIV-positive individuals may be of
great benefit in this population.
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Conclusions

Antiretroviral therapy has transformed the disease trajectory of AIDS over the last
20 years. Since the widespread use of HAART over the past 10 years, AIDS is
no longer an almost inevitably fatal disease and in many individuals behaves as
a chronic condition (Louie et al., 2002). However, HIV-infected individuals in the
HAART era develop more long-term problems, many of them being associated with
chronic low-grade immunosuppression. HAART has decreased the incidence of
AIDS-defining malignancies, including Kaposi sarcoma, non-Hodgkin lymphoma,
and primary CNS lymphomas Eltom et al., (2002), but the influence of HAART
on non-AIDS-defining malignancies is less clear. HAART was introduced less
than 15 years ago, and therefore studies that attempt to compare cancer risks in
the pre-HAART and post-HAART eras do not include long-term post-HAART
follow-up (Herida et al., 2003; Seaberg and Kingsley, 2002; McGinnis et al., 2002).
Because chronic immunosuppression may contribute to an increased risk for non-
AIDS-defining malignancies in HIV-infected individuals, it will be important to
closely monitor this population for emerging epidemiologic trends. The meta-
analysis conducted by Grulich et al. comparing cancer incidence in HIV-infected
individuals and solid organ transplant recipients underscores the similarity between
these two groups and suggests that cancer screening is an important issue for both
populations.

In addition, other HAART- or HIV-related adverse effects may also impact on
cancer risk factors. Metabolic abnormalities associated with HAART, such as fat
redistribution from the periphery to the abdomen and breast, elevated body mass
indices, undesirable serum lipid levels, and elevated waist-hip ratios have been
associated with breast cancer risk and survival (Agurs-Collins et al., 1998; Schreier
et al., 1999; Goodwin et al., 1997). In addition, adjunctive therapies such as testos-
terone replacement may also be associated with increased risk for tumor growth.
Finally, HAART itself has been associated with an increased incidence of cancer
(Olivero et al., 2005). Thus, Clinicians need to emphasize the role of smoking ces-
sation, patient education, and age-appropriate cancer screening recommendations
in the HIV-infected population. Further studies evaluating the epidemiology, natu-
ral history, and optimal treatments for malignancies in HIV-infected individuals are
needed to guide this evolving field.
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