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Tumors derived from the transformation of hematopoietic or lymphoid cells are
increasing in incidence' and with improvements in therapy, their prevalence is also
growing. The increasing availability of more sophisticated molecular tools is refining
the definition of these diseases? and now more than ever, we are on the verge of
‘personalized medicine’. No disease is as personal as cancer. The current view of
tumorigenesis is that somatic cells serially acquire mutations that lead to the malignant
phenotype,** a state characterized by loss of cell cycle regulation, resistance to apop-
tosis, unbridled cellular proliferation, angiogenesis, evasion of the immune response,
and ultimately, invasion of other tissues.>° Although many somatic mutations probably
do not provide a reproductive advantage to cells or can even be deleterious, some
mutations enhance the reproductive fitness of the cell enabling it to expand into a
clone where additional mutations may lead to the full malignant phenotype. Given
that evolution is the result of reproduction, mutation and selection, cancer is a natural
consequence, especially in large multicellular organisms that can live for many years.’
Exposure to genotoxic agents (chemicals, viruses, radiation) or the response to chronic
injury increases the risk of transformation since at some level, the risk is related to
the number of cells that are dividing and how often they divide. It is not yet clear how
many mutations are required to lead to the cancer phenotype but perhaps with very
few exceptions, one mutation is not enough to lead to neoplastic transformation and
disease.

In most tissues (including hematopoiesis) there is significant cell turnover but the
majority of cells do not survive for long, and the amplifying population of cells is generally
maintained by a small population of tissue-specific stem cells that in general replicate
slowly.? It is possible that evolution selected for this architecture to minimize the risk of
acquisition and maintenance of mutant cells and therefore essentially limit the risk of
cancer.>* One can consider all cells as continuously at risk of acquiring mutations that
may bring them a step closer to the malignant phenotype. In essence, cells explore many
genotype/phenotype possibilities in an aimless fashion, but if the environment provides
an advantage for a clone this will expand and could lead to disease. This relatively simple
view can explain the significant genetic heterogeneity that is being discovered in tumors
that arise from the same tissue.”!® Although some genetic defects may be shared, recent
sequencing studies show that 1) malignant cells harbor many mutated genes, ii) signaling
pathways can exhibit significant cross talk and therefore be quite redundant, and iii) the
spectrum of oncogenic mutations is much wider than oncogenes, tumor suppressor genes,
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or miRNA *!! The latter do not include only genes that lead
to genomic instability, but also those that provide mechanisms
of immune evasion and altered metabolic phenotype. When
all of these are considered together, one can quickly see how
each tumor is a highly personal problem — in essence ‘me
gone wrong’.

This intertumor heterogeneity presents a therapeutic
problem, since the relevant mutations that are primarily
responsible for the growth of the tumor (driver mutations)
may not be obvious and to date, we have no clear way of
distinguishing between driver and passenger mutations.
This is an area that requires more research and the interactions
between molecular biologists and biomathematicians are
critical. The latter can provide the necessary theoretical
framework to understand in a logical and consistent way
the large amounts of data being generated by the ‘omics’
revolution. Generating data is not the problem any more —
ultra-deep sequencing of acute leukemia, lymphoma, multiple
myeloma and other tumors will soon be routine. One can
envisage in the near future a new classification of tumors —not
based on the cell of origin but on what the relevant therapeutic
targets may be for that patient. Ultimately, the type and
efficacy of therapy is much more important than the actual
name of the disease. We already know that what is called one
disease is in effect a spectrum of illnesses and that patients
respond differently to the same therapy.

Despite this increasing heterogeneity, current paradigms in
cancer therapy suggest that in most tumors, one gene is often
the master of ceremonies or the sine qua non that is responsible
for the major manifestations of the disease. The list of such
clinical scenarios is increasing. Perhaps the best example is
BCR-ABL in chronic myeloid leukemia.'? Therapy with 4BL
kinase inhibitors such as imatinib, nilotinib or dasatinib leads
to remarkable responses and have transformed the natural
history of this disease.'? Other examples include 1) the use of all-
trans retinoic acid and arsenic trioxide in acute promyelocytic
leukemia that have changed a rapidly fatal acute leukemia into
one of the most curable,' ii) imatinib therapy for PDGFR-
dependent clonal eosinophilic disorders with mastocytosis,'>1¢
and iii) recent studies of the impact of JAK inhibitors in patients
with chronic myeloid neoplasms.!” More and more therapeutic
targets will be identified and small molecules developed that
selectively inhibit the function of such mutant genes and
provide better control of the disease. Another revolution has
been the introduction of therapeutic antibodies with rituximab
being the best success story for patients with CD20 positive
lymphomas.'® Technological developments such as multicolor
flow cytometry and quantitative reverse transcriptase polymerase
chain reaction have also enhanced our ability to detect minimal

residual disease. Functional imaging using positron emission
tomography and magnetic resonance spectroscopy are provid-
ing unprecedented information about residual disease and its
metabolic activity. These diagnostic modalities have enabled
the intensification of therapy and deeper responses that may
translate into improved survival.

Although it is often desirable to use single agents for
therapy, and they can be effective in selective circumstances,
more often than not, combination chemotherapy is required
for curative therapy. Perhaps the flagship combinations have
been (R)-CHOP for non-Hodgkin lymphoma'® and MOPP or
ABVD for Hodgkin disease.!” The evolution of combination
chemotherapy has also changed the therapeutic landscape for
acute lymphoblastic leukemia, especially in the pediatric age
group. Similar attempts continue for many other hematopoietic
malignancies including multiple myeloma, lymphoma, acute
myeloid leukemia and chronic lymphocytic leukemia.

No discussion about carcinogenesis is complete without
mention of the concept of cancer stem cells. Tumors have an
architecture similar to normal tissues in that a considerable
number of cells undergo rapid turnover, and that most of these
tumor cells are not able to maintain the tumor tissue. Over
the last few years, the concept of cancer stem cells or cancer
initiating cells has emerged and is now generally accepted.®?
Cancer stem cells have now been described for a multitude of
tumors, although initially they were described in acute myeloid
leukemia.?® A major question relates to the origin of these
cancer stem cells —are they due to the acquisition of oncogenic
mutations in normal stem cells or can more differentiated cells
re-acquire stem cell-like properties? The answer to this question
is that either can occur and the evidence again comes from
hematologic malignancies. Mutations in normal hematopoietic
stem cells lead to diseases such as chronic myeloid leukemia?!
and the other chronic myeloid neoplasms.? However, mutations
in progenitor cells can lead to the acquisition of stem cell-like
behavior in cells that drive various forms of acute leukemia,
including acute promyelocytic leukemia.?** The role of the
cancer stem cell in disease progression, response to therapy
and relapse is an area of active investigation. The question of
whether cancer stem cells need to be eliminated to cure the
tumor is at present unanswered.

Allogeneic and autologous hematopoietic stem/progenitor
cells transplantation has saved thousands of lives. These
procedures are safer now than ever before thanks to improve-
ments in supportive care.?* The field continues to evolve with
the introduction of novel conditioning regimens, including
nonmyeloablative conditioning, cord blood transplantation
and in the near future, gene therapy approaches to modify
progenitor cells prior to infusion.
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All of these therapeutic modalities come at a price — and
by this I am not referring only to the monetary costs,
important as these may be. In these times of economic
austerity, one must not forget the financial pressures that
medications impose on patients and their families, as well as
the health care system. In addition, there are other major costs
including the burden of side effects from the medications,
the frequency of visits and monitoring that is required that
potentially increase the psychologic stress on the patient
and time away from work. The quality of life of patients and
how this is altered by the disease and its therapy are major
considerations. These issues all influence patient compliance
with therapy and therefore can alter the outcome of our
interventions in a complex fashion. The patient is more than
the disease and all of us react differently when confronted
with specific situations including illness. As we care for our
patients, we have to consider patients in their totality and
treat them and not the disease alone.

We welcome contributions on the biology and therapy of
hematopoietic and lymphatic tumors. Blood and Lymphatic
Cancer: Targets and Therapy is interested in the holistic
care of the patient and will consider all aspects of therapy
for these neoplasms.
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