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tion is unknown. The role of a hypothetical thymic hormone has not
yet been documented, Intimate contact may be through emperipole-
sis between naive T-cells and the thymic epithelium and some den-
dritic cells, strongly expressing both class I and II antigens of the
major histocompatibility complex, could represent a plausible alter-
native explanation. So far, no histochemical abnormality has been
detected in the epithelial tissue, which expresses the usual 55-57 kd
cytokerafin.

As could be anticipated, thymic graft has been proven to be
successful in restoring T-cell function in these conditions. However,
for technical reasons, bone marrow transplantation, or stem cells
selected from umbilical blood has proven to be a more convenient
and efficient procedure. This provides an adoptive immunity not
only in SOlD but also in DiGeorge syndrome (9).
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zoa, collectively referred to as opportunistic infections, may develop
in immune deficient persons. They range from occult asymptomatic
lesions to severe, and sometimes lethal, infectious diseases.

Immune deficient organisms are susceptible not only to infec-
tions, but also to neoplasms. The tumors arising in individuals with
immune deficiencies, whether congenital or acquired, exhibit fea-
tures similar to those characteristic of opportunistic infections. Like
these, the tumors display increased aggressiveness and a tenden-
cy to early dissemination, resistance to treatment, frequent relaps-
es and short survivals. To emphasize the analogy between causes
and manifestations we refer to the immune deficiency-associated
neoplasms as opportunistic tumors.

Two major categories of immune deficiencies are recognized: pri-
mary or congenital and secondary or acquired. The present discus-
sion is focused on the neoplasms associated with acquired immune
deficiencies. However, it should be noted that malignant tumors also
occur with increased frequency in individuals with primary immune
deficiencies. Children who survive the infections associated with var-
ious congenital immune deficiencies, such as X-linked agammaglob-
ulinemia, Wiskott-Aldrich syndrome or ataxia telangiectasia, may be
affected in up to 10% of cases by lymphomas, gliomas or other
tumors. The general features of such neoplasms associated with con-
genital (primary) immune deficiencies are very similar to those occur-
ring in persons with acquired (secondary) immune deficiencies.

Neoplasms associated with acquired immune deficiencies

Autoimmune diseases
The medical literature contains many reports of neoplasms, partic-
ularly those of the lymphoid system, occurring in patients with a his-
tory of Sjbgren’s disease, rheumatoid arthritis, scleroderma, der-
matomyositis, systemic lupus erythematosus and other autoim-
mune diseases. The increased riskof cancer may be related to the
activation of lymphoid cells, excessive production of antibodies and
deregulation of the immune system, all noted to occur in autoim-
mune diseases. Whether the deregulated immune system of
autoimmune diseases represents a predisposition to malignancy or
whether it simply renders organisms more susceptible to the onco-
genic potential of therapeutic agents has not yet been determined.
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The immune system is a complex network of multiple specialized
components able to potentiate, regulate, suppress and compensate
each other under various conditions. Different components may mal-
function or fail entirely due to congenital defects or acquired dis-
eases. The result is an immune system that is functionally deficient.
Organisms affected by immune deficiency are vulnerable to environ-
mental agents, particularly to pathogenic microorganisms. Thus,
infections with a wide spectrum of viruses, bacteria, fungi and proto-

The treatment of various types of cancers by ionizing radiation and
cytotoxic drugs has become increasingly complex and efficient.
Long-term disease-free survivals as well as complete cures are
currently achieved in neoplasms that are uniformly fatal in the
absence of treatment. This remarkable success in the treatment of
cancer, however, has been accompanied by an increasing occur-
rence of new tumors in the longer surviving patients. Determining
the respective roles played by carcinogenicity and immune deficien-
cy in the origin of these tumors is difficult since both are adverse
effects of chemotherapy and radiation treatments. Regardless of the
mechanisms involved, a high incidence of malignancy associated
with immunosuppression is well documented. The risk was greater
for those treated in later years and this was apparently related to the
introduction of combination as compared to single-drug chemothera-
py. The features of high histological grade and extranodal location,
particularly the brain and the gastrointestinal tract, are characteristic
of lymphomas arising against a background of immune deficiency.

A remarkable phenomenon observed in relation to lymphomas
induced by immunosuppression is their potential reversibility on
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cessation of treatment. Although the lymphomas did not respond to
conventional treatments with radiation or chemotherapy, they re-
gressed spontaneously and in most cases disappeared when the
immunosuppressive treatment was reduced or discontinued.

Organ transplant recipients

The incidence of de novo tumors in patients with renal transplants
is 2-7% in different series, which is 100 times greater than in the
age-matched general population. As in other types of immune defi-
ciencies, the tumors most commonly observed are carcinomas of
the skin and lips, carcinomas of the vulva and perineum, Kaposi’s
sarcoma and non-Hodgkin’s lymphoma. Also, like other types of
immune deficiencies, lymphomas (almost all extranodal) were the
most common neoplasms, representing 26% of all tumors occur-
ring in a population of renal transplant patients.

The recipients of bone marrow transplants have a low but sig-
nificant risk of a secondary cancer, particularly non-Hodgkin’s yin-
phoma.

Among the various transplanted organs, the heart-lung recipi-
ents experience an incidence of 9.4%, the highest in post-transplant
lymphoma. In time it was realized that not all of the lymphoid pro-
liferations occurring in the recipients of various transplanted organs
are irreversibly malignant. Although histologically the lymphoid
masses may be indistinguishable from malignant lymphomas, DNA
analysis reveals them to form a spectrum that ranges from poly-
clonal lymphoid hyperplasia to monoclonal malignant lymphomas.
Consequently, the designation of post-transplant lymphoprolifera-
tive disorders (PTLD) is used for this group of lymphoid prolifera-
tions developing in the setting of organ transplantation and severe
immunosuppression. Reducing or suspending the immunosup-
pressive treatment may lead to regression of the PTLD tumors. The
PTLD neoplasms almost invariably contain Epstein-Barr virus as a
latent infection.

Acquired immune deficiency syndrome (AIDS

)

The worldwide epidemic of HIV infection and the AIDS complex of
diseases associated with it have brought to general attention the
relationship between immune deficiency and opportunistic infec-
tions and tumors. In most patients, the acute phase of infection is
followed by a long period of clinical latency that lasts for years.
Although the patients may be symptomless during this time, HIV
continues to proliferate and to cause the progressive depletion of
CD4±T-cells and the gradual deterioration of the immune system.
As the decrease in CD4+ T-cells reaches critical values, the infec-
tious diseases followed by tumors associated with AIDS begin to
appear.

In the past few years the survival of AIDS patients has in-
creased as a result of antiretroviral therapy and better control of op-
portunistic infectious diseases. However, longersurvival appears to
be associated with an increased risk of malignancies and it is now
estimated that more than 40% of all patients with AIDS will be diag-
nosed with malignant disease in the course of their HIV infection.
Not all types of neoplasms have increased their occurrence in the
population of long-term survivors, a situation which mirrors that of
infectious diseases. Numerous reports in the literature have
described cases of malignant tumors in persons with HIV infection
or AIDS. However, so far, population-based studies have shown a
significant increase in the incidence of three types of neoplasms:
Kaposi’s sarcoma, non-Hodgkin’s lymphoma and squamous cell

carcinoma of the uterine cervix and anus.
A decade ago, Kaposi’s sarcoma, a rare neoplasm in the gen-

eral population, had an incidence as high as 40% among AIDS
patients. While its frequency is about 36% in homosexual AIDS
patients, it is only 4.3% among intravenous drug addicts and 1% in
hemophiliacs with AIDS. The high incidence of Kaposi’s sarcoma
in homosexual AIDS patients suggests that the causative agent
may be a virus transmitted mainly by sexual contact. Recently,
using techniques of genomic analysis, DNA sequences of a new
virus, designated Kaposi’s sarcoma-associated herpes virus or
human herpes virus 8, were identified in the Kaposis sarcoma
lesions.

Non-Hodgkin’s lymphomas are the neoplasms most common-
ly associated with immune deficiencies of all types, congenital and
acquired. Their incidence in AIDS is constantly increasing in con-
trast to the present decline of Kaposi’s sarcoma. The development
of non-Hodgkin’s lymphoma shows a latency of 4-6 years and a
probability of affecting 28% of AIDS patients after 3 years of treat-
ment with AZT. The onset of non-Hodgkin’s lymphoma correlates
with decreases of CD4+ T-cells below 100 per mm3. Viral studies
have shown the presence of Epstein-Barr virus in AIDS-non-Hodgkin’s
lymphoma, with variations between 36-100% according to histologi-
cal types. Involvement of the brain, which occurs in only 1% of all
lymphomas in the general population is as common as 20% in AIDS
patients.

Anogenital neoplasms related to infection with human papilloma
viruses, genotypes 16 and 18, are also far more common in AIDS
patients.

Tumors of smooth muscle, leiomyoma and lelomyosarcoma,
seen almost exclusively in adults, have been recently reported in
children with AIDS.

Lung cancer in AIDS patients shows a greater incidence and a
shorter survival and is associated with molecular changes, thus
reflecting widespread genomic instability.

In the future, new treatments, lengthened survivals and broad-
er population surveys may reveal yet other neoplasms that are sig-
nificantly associated with the HIV infection and the profound
immune deficiency of AIDS.
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