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HIV-associated malignancies at 40: much accomplished but much to do
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Abstract: The report in 1981 of a cluster of cases of Kaposi sarcoma (KS) in homosexual men in New York and
California was one of the earliest harbingers of the AIDS pandemic, and association of cancer with HIV/AIDS
has been one of the key features of this disease since. Looking back at year 40, the development of anti-retroviral
therapy markedly reduced the incidence of AIDS-related cancers that occur at low CD4 counts, and this has been
one of the most impressive advances in cancer prevention over the past half-century. There have also been advances
in prevention and treatment of various HIV-associated tumors. However, as AIDS patients are living longer, there
has been an increase in other cancers. Cancer continues to be one of the most frequent causes of death in persons
living with HIV, and further basic, translational, clinical, and epidemiologic research in this area is urgently needed.
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In July, 1981 the United States Centers for Disease
Control reported a cluster of cases of Kaposi sarcoma
(KS) in 26 homosexual men in New York and
California (1). This report, along with another from
the previous month describing 6 cases of communityacquired Pneumocystis carinii pneumonia were the first
indications of the worldwide AIDS pandemic, which has
since killed more than 36 million people worldwide. It
soon became evident that this new immunodeficiency
disorder, which was by 1984 shown to be caused by a
novel retrovirus, human immunodeficiency virus (HIV),
was associated with a marked increase in certain tumors,
especially KS and high-grade B cell lymphomas,
but not others. KS had previously been an extremely
rare skin tumor in the Unites States, and its particular
association with HIV/AIDS in gay men was initially
quite puzzling. However, in 1994, the team of Patrick
Moore and Yuan Chang showed that KS was caused by
a novel gammaherpesvirus, which they named Kaposi
sarcoma-associated herpesvirus (KSHV) and is also
referred to as human herpesvirus-8 (HHV-8) (2). With
this discovery, it became clear that most of the tumors
whose incidence is increased in HIV/AIDS are caused
by oncogenic tumor viruses, especially KSHV, Epstein
Barr virus (EBV), and human papillomavirus (HPV)
(3). We now know that KSHV is excreted in saliva and
that the marked association between KS and AIDS was
because of an otherwise silent epidemic of KSHV in
gay men that was occurring at the same time as the HIV
pandemic.
For some time after its recognition as a new
disease, AIDS was almost always a death sentence;

patients usually died within a couple of years, and
a high percentage of these deaths were from AIDSassociated cancers. The first breakthrough came with
the development of the initial antiretroviral drugs: AZT
(zidovudine) and other nucleoside reverse transcriptase
inhibitors (4,5). These increased the CD4 counts
and significantly increased the survival of patients
with AIDS, especially when used in combination.
In addition, they reduced the incidence of HIVassociated malignancies. However, resistance to these
early antiretrovirals often developed. The subsequent
development and widespread use of HIV protease
inhibitors starting around 1996 enabled the advent of
3-drug regimens which could essentially completely
thwart HIV replication and changed AIDS into a
chronic manageable disease. In addition, combination
antiretroviral therapy (ART) markedly reduced the
incidence of AIDS-related tumors that occur at low CD4
counts (Table 1), and in fact this has been one of the
most impressive recent advances in cancer prevention
in the past 50 years (6). Along with this, we have seen
marked advances in the treatment of HIV-associated
cancers. These advances have in part been enabled by
the development of new anti-cancer drugs and regimens,
and in part by the immune restoration caused by ART,
which has enabled the use of full-dose therapies used
in the general population. In particular, there have been
dramatic improvements in the survival of PLWH with
high-grade B cell lymphomas, with KS, and with a form
of multicentric Castleman disease caused by KSHV (3).
At the same time, along with their increased
longevity, PLWH are experiencing more cancers that
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Table 1. Estimated numbers of selected cancers in people living with AIDS in the United States in different time periods
Association

Cancer

1991-1995

1996-2000

2001-2005

Associated with low-CD4 counts

Kaposi sarcoma
Non-Hodgkin lymphoma

21,483
12,778

5,727
7,292

3,827
5,968

Some immunologic association

Cervical carcinoma
Anal cancer
Hodgkin lymphoma
Lung cancer

327
206
426
875

419
770
682
1,383

530
1,564
897
1,882

No immunologic association

Colon cancer

108

230

438

Estimated numbers of cancers in people living with AIDS in the United States in different time periods: pre-three drug antiretroviral therapy
(1991-1995); early post three-drug therapy (1996-2000); and later post three-drug therapy (2001-2005). From Shiels et al., (6).

are associated with advancing age (6). These include
increases in certain other HIV-associated tumors that
are not strongly linked to low CD4 counts, such as
anal cancer or lung cancer (Table 1). In addition, along
with the increasing number of older patients with
HIV infection, there are increases in other common
cancers that are not linked to immune defects in this
population, such as prostate cancer or breast cancer.
And, we continue to see severe cases of KS and other
AIDS-related tumors associated with significant
immunosuppression among patients who are not
diagnosed with HIV until late in the course of infection.
Cancer is now one of the most frequent causes of
death in people living with HIV (PLWH) in developed
nations. Moreover, HIV-associated malignancies are a
major health problem in sub-Saharan Africa and other
resource-limited regions; in some countries in subSaharan Africa, KS is the most common tumor overall in
men (7). And in resource rich countries, like the United
States, KS and other HIV-associated malignancies
disproportionately affect individuals experiencing health
disparities (8).
So while much progress has been made, there is
much to do.
The most important task of course is to end the
HIV/AIDS epidemic. Development of an effective
HIV vaccine would help greatly, but this has so far
been an elusive goal. Meanwhile, implementation of
strategies including safer sex education, testing in highrisk settings and pre-exposure prophylaxis for those
at risk can substantially reduce HIV transmission.
Also, ensuring prompt initiation of HIV therapy and
continuity of HIV care to support adherence will result
in viral suppression, leading to the reduced sexual
transmission of HIV. With regard to HIV-associated
and other malignancies in PLWH, prevention is also
essential. As noted, treatment of HIV with ART can
dramatically reduce the incidence of tumors associated
with profound immunosuppression. Appropriate
screening for other cancers associated with advancing
age and exposure to oncogenic viruses will be pivotal.
Cervical cancer, caused by HPV and preceded by
precancerous lesions, can be prevented by screening

but this can be challenging in resource-poor regions;
it will be important to optimize screening strategies
in these regions and implement their use. While anal
cancer is also preceded by precancerous lesions, it is
unclear if treating these lesions is an effective strategy;
the ANCHOR (Anal Cancer HSIL Outcomes Research
Study) being conducted in the U.S. AIDS Malignancy
Consortium is addressing this question. Lung cancer
is now the most common cause of cancer-related
death in PLWH receiving ART in the United States
(9), and cigarette smoking prevention and cessation
are among the most important prevention strategies.
Studying cancer screening and prevention strategies in
PLWH in other cancers increasing in incidence, such
as hepatocellular carcinoma is essential. Vaccination
strategies, particularly for HPV and hepatitis B, have
also been shown to markedly reduce cancers caused
by these viruses. The HPV vaccine has been shown to
substantially reduce the incidence of cervical cancer
when widely administered before sexual debut (10).
And if effective vaccines against EBV and KSHV could
be developed, we could eradicate the cancers caused by
these gammaherpesviruses.
There is still much we do not know about the
pathogenesis of HIV-associated cancers, and it is
essential that we continue to pursue knowledge in this
area through basic and translational research. This
research can then inform advances in therapy of HIVassociated and other tumors developing in PLWH.
While we have made great strides in the treatment of
certain HIV-associated tumors, others such as primary
effusion lymphoma, advanced anal carcinoma, and lung
cancer, still carry a relatively poor prognosis in this
population, and improved therapies are urgently needed.
One promising approach is the development of specific
therapies targeted at cellular mutations and/or virallyencoded genes that drive cancer development. Also, one
of the most exciting advances in cancer treatment in
recent years is checkpoint inhibitors and other immune
therapies. We now know that checkpoint therapy is
safe and can be effective in PLWH (11), and it will
be important to continue to investigate this modality
and other approaches to harness the patient's immune
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system to fight HIV-associated malignancies. In this
regard, PLWH are increasingly developing common
tumors such as colon, breast, and prostate cancer, and it
will be important to make cancer clinical trials open to
PLWH whenever possible. And since the vast majority
of PLWH now live in resource-limited regions, it will
be important to develop treatment strategies that can be
implemented in those regions.
Reflecting back after 40 years, it is remarkable
how much progress has been made in HIV-associated
malignancies, in part stemming from progress in HIV
care and in part from progress in cancers themselves. At
the same time, cancer continues to be one of the most
common causes of death in PLWH, and there is much
work to do.
Funding: This work was supported by the Intramural
Research Program of the NIH, National Cancer Institute.
The content of this publication does not necessarily
reflect the views or policies of the Department of
Health and Human Services, nor does mention of trade
names, commercial products, or organizations imply
endorsement by the U.S. Government.
Conflict of Interest: The authors have no conflicts of
interest to disclose.
References
1.

2.

3.

Centers for Disease Control (CDC). Kaposi's sarcoma and
Pneumocystis pneumonia among homosexual men--New
York City and California. MMWR Morb Mortal Wkly
Rep. 1981; 30:305-308.
Chang Y, Cesarman E, Pessin MS, Lee F, Culpepper J,
Knowles DM, Moore PS. Identification of herpesviruslike DNA sequences in AIDS-associated Kaposi's
sarcoma. Science. 1994; 266:1865-1869.
Yarchoan R, Uldrick TS. HIV-associated cancers and
related diseases. N Engl J Med. 2018; 378:1029-1041.

4.

Ya r c h o a n R , K l e c k e r RW, We i n h o l d K J , e t a l .
Administration of 3'-azido-3'-deoxythymidine, an inhibitor
of HTLV-III/LAV replication, to patients with AIDS or
AIDS-related complex. Lancet. 1986; 1:575-580.
5. Mitsuya H, Yarchoan R, Broder S. Molecular targets for
AIDS therapy. Science. 1990; 249:1533-1544.
6. Shiels MS, Pfeiffer RM, Gail MH, Hall HI, Li J,
Chaturvedi AK, Bhatia K, Uldrick TS, Yarchoan R,
Goedert JJ, Engels EA. Cancer burden in the HIV-infected
population in the United States. J Natl Cancer Inst. 2011;
103:753-762.
7. S u n g H , F e r l a y J , S i e g e l R L , L a v e r s a n n e M ,
Soerjomataram I, Jemal A, Bray F. Global Cancer
Statistics 2020: GLOBOCAN estimates of incidence and
mortality worldwide for 36 cancers in 185 countries. CA
Cancer J Clin. 2021; 71:209-249.
8. Royse KE, El Chaer F, Amirian ES, Hartman C, Krown
SE, Uldrick TS, Lee JY, Shepard Z, Chiao EY. Disparities
in Kaposi sarcoma incidence and survival in the United
States: 2000-2013. PLoS One. 2017; 12:e0182750.
9. Engels EA, Yanik EL, Wheeler W, et al. Cancerattributable mortality among people with treated human
immunodeficiency virus infection in North America. Clin
Infect Dis. 2017; 65:636-643.
10. Lowy DR, Schiller JT. Prophylactic human papillomavirus
vaccines. J Clin Invest. 2006; 116:1167-1173.
11. Uldrick TS, Gonçalves PH, Abdul-Hay M, et al.
Assessment of the safety of pembrolizumab in patients
with HIV and advanced cancer-A phase 1 study. JAMA
Oncol. 2019; 5:1332-1339.
---Received August 10, 2021; Accepted August 18, 2021.
Released online in J-STAGE as advance publication August
23, 2021.
*Address correspondence to:
Robert Yarchoan, HIV and AIDS Malignancy Branch, Center
for Cancer Research, National Cancer Institute, National
Institutes of Health, Bldg. 10 Rm. 6N106, MSC 1868, 10
Center Drive, Bethesda, MD 20892-1868, USA.
E-mail: Robert.yarchoan@nih.gov

(186)

