103e-20 increase expression of genes that are selectively repressed in tumors.

The result can be differentiation with the emergence of a more normal
cellular phenotype, or cell cycle arrest with expression of endogenous
regulators of cell cycle progression. Vorinostat is approved for clinical
use in cutaneous T cell lymphoma, with dramatic skin clearing and
very few side effects. Romidepsin is a distinct molecular class of histone deacetylase inhibitor also active in cutaneous T cell lymphoma.
An active retinoid in cutaneous T cell lymphoma is the synthetic retinoid X receptor ligand bexarotene.
DNA methyltransferase inhibitors, including 5-aza-cytidine and
2´-deoxy-5-azacytidine (decitabine), can also increase transcription
of genes “silenced” during the pathogenesis of a tumor by causing
demethylation of the methylated cytosines that are acquired as an “epigenetic” (i.e., after the DNA is replicated) modification of DNA. These
drugs were originally considered antimetabolites but have clinical value in
myelodysplastic syndromes and certain leukemias when administered
at low doses.
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CANCER BIOLOGIC THERAPY
Principles The goal of biologic therapy is to manipulate the host–
tumor interaction in favor of the host, potentially at an optimum
biologic dose that might be different than the MTD. As a class, biologic
therapies may be distinguished from molecularly targeted agents in that
many biologic therapies require an active response (e.g., reexpression of
silenced genes or antigen expression) on the part of the tumor cell or
on the part of the host (e.g., immunologic effects) to allow therapeutic
effect. This may be contrasted with the more narrowly defined antiproliferative or apoptotic response that is the ultimate goal of molecularly
targeted agents discussed above. However, there is much commonality
in the strategies to evaluate and use molecularly targeted and biologic
therapies.
Immune Cell–Mediated Therapies Tumors have a variety of means of
avoiding the immune system: (1) they are often only subtly different
from their normal counterparts; (2) they are capable of downregulating their major histocompatibility complex antigens, effectively masking them from recognition by T cells; (3) they are inefficient at presenting antigens to the immune system; (4) they can cloak themselves
in a protective shell of fibrin to minimize contact with surveillance
mechanisms; and (5) they can produce a range of soluble molecules,
including potential immune targets, that can distract the immune
system from recognizing the tumor cell or can kill or inactivate
the immune effector cells. Some of the cell products initially polarize
the immune response away from cellular immunity (shifting from TH1
to TH2 responses; Chap. 372e) and ultimately lead to defects in T cells
that prevent their activation and cytotoxic activity. Cancer treatment
further suppresses host immunity. A variety of strategies are being
tested to overcome these barriers.
Cell-Mediated Immunity The strongest evidence that the immune
system can exert clinically meaningful antitumor effects comes from
allogeneic bone marrow transplantation. Adoptively transferred
T cells from the donor expand in the tumor-bearing host, recognize
the tumor as being foreign, and can mediate impressive antitumor
effects (graft-versus-tumor effects). Three types of experimental interventions are being developed to take advantage of the ability of T cells
to kill tumor cells.
1. Transfer of allogeneic T cells. This occurs in three major settings:
in allogeneic bone marrow transplantation; as purified lymphocyte
transfusions following bone marrow recovery after allogeneic bone
marrow transplantation; and as pure lymphocyte transfusions
following immunosuppressive (nonmyeloablative) therapy (also
called minitransplants). In each of these settings, the effector cells
are donor T cells that recognize the tumor as being foreign, probably through minor histocompatibility differences. The main risk
of such therapy is the development of graft-versus-host disease
because of the minimal difference between the cancer and the normal host cells. This approach has been highly effective in certain
hematologic cancers.

2. Transfer of autologous T cells. In this approach, the patient’s own
T cells are removed from the tumor-bearing host, manipulated
in several ways in vitro, and given back to the patient. There are
three major classes of autologous T-cell manipulation. First, tumor
antigen–specific T cells can be developed and expanded to large
numbers over many weeks ex vivo before administration. Second,
the patient’s T cells can be activated by exposure to polyclonal
stimulators such as anti-CD3 and anti-CD28 after a short period
ex vivo, and then amplified in the host after transfer by stimulation
with IL-2, for example. Short periods removed from the patient
permit the cells to overcome the tumor-induced T cell defects, and
such cells traffic and home to sites of disease better than cells that
have been in culture for many weeks. In a third approach, genes
that encode for a T cell receptor specific for an antigen expressed
by the tumor along with genes that facilitate T cell activation can be
introduced into subsets of a patient’s T cells, which, after transfer
back into the patient, allow homing of cytotoxic T cells to tumor
cells expressing the antigen.
3. Tumor vaccines aimed at boosting T cell immunity. The finding
that mutant oncogenes that are expressed only intracellularly
can be recognized as targets of T cell killing greatly expanded
the possibilities for tumor vaccine development. No longer is it
difficult to find something different about tumor cells. However,
major difficulties remain in getting the tumor-specific peptides
presented in a fashion to prime the T cells. Tumors themselves are
very poor at presenting their own antigens to T cells at the first
antigen exposure (priming). Priming is best accomplished by professional antigen-presenting cells (dendritic cells). Thus, a number
of experimental strategies are aimed at priming host T cells against
tumor-associated peptides. Vaccine adjuvants such as granulocytemacrophage colony-stimulating factor (GM-CSF) appear capable
of attracting antigen-presenting cells to a skin site containing a
tumor antigen. Such an approach has been documented to eradicate microscopic residual disease in follicular lymphoma and give
rise to tumor-specific T cells. Purified antigen-presenting cells can
be pulsed with tumor, its membranes, or particular tumor antigens and delivered as a vaccine. One such vaccine, Sipuleucel-T, is
approved for use in patients with hormone-independent prostate
cancer. In this approach, the patient undergoes leukapheresis,
wherein mononuclear cells (that include antigen-presenting cells)
are removed from the patient’s blood. The cells are pulsed in a
laboratory with an antigenic fusion protein comprising a protein
frequently expressed by prostate cancer cells, prostate acid phosphatase, fused to GM-CSF, and matured to increase their capacity
to present the antigen to immune effector cells. The cells are then
returned to the patient in a well-tolerated treatment. Although
no objective tumor response was documented in clinical trials,
median survival was increased by about 4 months. Tumor cells can
also be transfected with genes that attract antigen-presenting cells.
Another important vaccine strategy is directed at infectious agents
whose action ultimately is tied to the development of human cancer.
Hepatitis B vaccine in an epidemiologic sense prevents hepatocellular
carcinoma, and a tetravalent human papillomavirus vaccine prevents
infection by virus types currently accounting for 70% of cervical
cancer. Unfortunately, these vaccines are ineffective at treating patients
who have developed a virus-induced cancer.
Antibody-Mediated Therapeutic Approaches In general, antibodies are
not very effective at killing cancer cells. Because the tumor seems to
influence the host toward making antibodies rather than generating
cellular immunity, it is inferred that antibodies are easier for the tumor
to fend off. Many patients can be shown to have serum antibodies
directed at their tumors, but these do not appear to influence disease
progression. However, the ability to grow very large quantities of
high-affinity antibody directed at a tumor by the hybridoma technique
has led to the application of antibodies in the treatment of cancer. In
this approach, antibodies are derived where the antigen-combining
regions are grafted onto human immunoglobulin gene products
(chimerized or humanized) or derived de novo from mice bearing

