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Every care has been taken to ensure that various protocols, drugs, and dosage recommendations
are precise and accurate, and that generic and trade names of drugs are correct. However, errors
can occur and readers should confirm all dosage schedules against the manufacturer’s package
information data and standard reference sources. Some dosages and delivery methods may not
reflect package insert information, due to clinical experience and current usage.

The reader is referred to Appendix 3, which lists the pharmacologic properties and synonyms of
the commonly used anticancer drugs.
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Introduction

Reflection on 50 Years of Progress in Pediatric
Hematology-Oncology

As the fifth edition of the Manual of Pediatric Hematology-Oncology is published, I have
reflected on the advances that have occurred since I began practicing hematology-oncology
over 50 years ago and since my first book on the subject was published by McGraw Hill in
1980. The present edition is more than double the size of the original book.

Our understanding of hematologic conditions has advanced considerably with the explosion
of molecular biology and the management of most hematologic conditions has kept pace
with these scientific advances. Our understanding of the basic science of oncology,
molecular biology, genetics and the management of oncologic conditions has undergone a
seismic change. The previous age of dismal and almost consistent fatal outcomes for most
childhood cancers has been replaced by an era in which most childhood cancers are cured.
This has been made possible not only because of advances in oncology but because of the
parallel development of radiology, radiologic oncology and surgery as well as supportive
care such as the pre-emptive use of antibiotics and blood component therapy. It has been a
privilege to be a witness and participant in this great evolution over the past 50 years. Yet
we still have a long way to go as current advances are superseded by therapy based upon
the application of knowledge garnered from an accurate understanding of the fundamental
biology of cancer.

In the early days of hematology-oncology practice, hematology dominated and occupied
most of the practitioner’s time because most patients with cancer had a short life span and
limited therapeutic modalities were available.

Automated electronic blood-counting equipment has enabled valuable red cell parameters
such as mean corpuscular volume (MCV) and red cell distribution width (RDW) to be
applied in routine clinical practice. This advance permitted the reclassification of anemias
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based on MCV and RDW. Previously these parameters were determined by microscopy
with considerable observer variability. The attempt at a more accurate determination of any
one of these parameters was a laborious, time-consuming enterprise relegated only as a
demonstration in physiology laboratories.

Rh hemolytic disease of the newborn and its management by exchange transfusion, which
occupied a major place in the hematologists’ domain, has now become almost extinct in
developed countries due to the use of Rh immunoglobulin.

The description of the various genetic differences in patients with vitamin B, deficiency
has opened up new vistas of our understanding of cobalamin transport and metabolism.
Similar advances have occurred with reference to folate transport and metabolism.

Gaucher disease has been converted from a crippling and often disabling disease to one
where patients can live a normal and productive life thanks to the advent of enzyme
replacement therapy. Replacement therapy has also been developed for other inborn errors
of metabolism.

Aplastic anemia has been transformed from a near death sentence to a disease with hope
and cure in 90% of patients thanks to immunosuppressive therapies, hematopoietic stem
cell transplantation and advanced supportive care. The emergence of clonal disease years
later in patients treated medically with immunosuppressive therapy, however, does present a
challenge. The discovery of the various genes responsible for Fanconi anemia and other
inherited bone marrow failure syndromes has revealed heretofore unimaginable advances in
our understanding of DNA repair, telomere maintenance, ribosome biology and other new
fields of biology. The relationship of these syndromes to the development of various
cancers may hold the key to our better understanding of the etiology of cancer as well as
birth defects.

The hemolytic anemias, previously lumped together as a group of congenital hemolytic
anemias, can now be identified as separate and distinct enzyme defects of the Embden—
Meyerhof and hexose monophosphate pathways in intracellular red cell metabolism as well
as various well-defined defects of red cell skeletal proteins due to advances in molecular
biology and genetics. With improvement in electrophoretic and other biochemical
techniques, hemoglobinopathies are being identified which were not previously possible.

Diseases requiring a chronic transfusion program to maintain a hemoglobin level for
hemodynamic stability such as in thalassemia major frequently had marked facial
characteristics with broad cheekbones and developed what was called “bronze diabetes” a
bronzing of the skin along with organ damage and failure, particularly of the heart, liver,
beta cells of the pancreas and other tissues due to secondary hemachromatosis because of
excessive iron deposition. The clinical findings attributed to extramedullary hematopoiesis
are essentially of historic interest because of the development and widespread use of proper
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transfusion and chelation regimens. However, the full potential of the role of intravenous
and oral chelating agents is yet to be realized due to the problems of compliance with
difficult treatment regimens and also due to failure of some patients to respond adequately.
Advances in our understanding of the biology of iron absorption and transport at the
molecular level hold out promise for further improvement in the management of these
conditions. Curative therapy in thalassemia major and other conditions by hematopoietic
stem cell transplantation in suitable cases is widely available today.

In the treatment of idiopathic thrombocytopenic purpura, intravenous gammaglobulin and
anti-D immunoglobulin have been added to the armamentarium of management and are
useful in specific indications in patients with this disorder.

Major advances in the management of hemophilia have included the introduction of
commercially available products for replacement therapy which has saved these patients
from a life threatened by hemorrhage into joints, muscles and vital organs. Surgery has
become possible in hemophilia without the fear of being unable to control massive
hemorrhage during or after surgery. The devastating clinical history of tragic hemophilia
outcomes has been relegated to the pages of medical history. Patients with inhibitors,
however, still remain a clinical challenge. The whole subject of factors associated with
inherited thrombophilia such as mutations of factor V, prothrombin G20210A and 5,10-
methylenetetrahydrofolate reductase as well as the roles of antithrombin, protein C and S
deficiency and antiphospholipid antibodies in the development of thrombosis has opened
new vistas of understanding of thrombotic disorders. Notwithstanding these advances, the
management of these patients still presents a clinical challenge.

There are few diseases in which advances in therapy have been as dramatic as in the
treatment of childhood leukemia. In my early days as a medical student, the only available
treatment for leukemia was blood transfusion. Patients never benefitted from a remission
and died within a few months. Steroids and single-agent chemotherapy, first with
aminopterin, demonstrated the first remissions in leukemia and raised hope of a potential
cure; however, relapse ensued in almost all cases and most patients died within the first
year of diagnosis. In most large pediatric oncology centers there were few patients with
leukemia as the disease was like a revolving door — diagnosis and death. The development
of multiple-agent chemotherapy for induction, consolidation and maintenance, CNS
prophylaxis and supportive care ushered in a new era of cure for patients with leukemia.
These principles were refined over time by more accurate classification of acute leukemia
using morphological, cytochemical, immunological, cytogenetic and molecular criteria
which replaced the crude microscopic and highly subjective characteristics previously
utilized for the classification of leukemia cells. These advances paved the way for the
development of specific protocols of treatment for different types of leukemia. The
management of leukemia was further refined by risk stratification, response-based therapy



xviii  Introduction

and identification of minimal residual disease, all of which have led to additional
chemotherapy or different chemotherapy protocols, resulting in an enormous improvement
in the cure rate of acute leukemia. The results have been enhanced by modern supportive
care including antibiotic, antifungal, antiviral therapy and blood component therapy.

Those patients whose leukemia is resistant to treatment or who have recurrences can be
successfully treated by advances that have occurred with the development of hematopoietic
stem cell transplantation. The challenge of finding appropriate, unrelated transplantation
donors has been ameliorated by molecular HLA-typing techniques and the development of
large, international donor registries. Emerging targeted and pharmacogenetic therapies hold
great promise for the future.

Hodgkin disease, originally defined as a “fatal illness of the lymphatics,” is a disease
that is cured in most cases today. Initially, Hodgkin disease was treated with high-dose
radiation to the sites of identifiable disease resulting in some cures but with major
life-long radiation damage to normal tissues because of the use of cobalt machines and
higher doses of radiation than is currently used. The introduction of nitrogen mustard
early on, as a single-agent chemotherapy, improved the prognosis somewhat. A major
breakthrough occurred with the staging of Hodgkin disease and the use of radiation
therapy coupled with multiple-agent chemotherapy (MOPP). With time this therapeutic
approach was considerably refined to include reduction in radiation dosage and field
and a modification of the chemotherapy regimens designed to reduce toxicity of
high-dose radiation and of some of the chemotherapeutic agents. These major advances
in treatment ushered in a new era in the management and cure of most patients with this
disease. The management of Hodgkin disease, however, did go through a phase of
staging laparotomy and splenectomy with a great deal of unnecessary surgery and
splenectomies being performed. There were considerable surgical morbidity and
post-splenectomy sepsis, occasionally fatal, that occurred in some cases. With the
advent of MRI and PET scans, surgical staging, splenectomy and lymphangiography
have become unnecessary.

Non-Hodgkin lymphoma, previously considered a dismal disease, is another success story.
Improvement in histologic, immunologic and cytogenetic techniques has made the diagnosis
and classification more accurate. The development of a staging system and multiagent
chemotherapy was a major step forward in the management of this disease. This, together
with enhanced supportive care including the successful management of tumor lysis
syndrome, have all contributed to the excellent results that occur today.

Brain tumors were treated by surgery and radiation therapy with devastating results due to
primitive neurosurgical techniques and radiation damage. The advent of MRI scans has
made the diagnosis and the determination of the extent of disease more accurate. Major
technical advances in neurosurgery such as image guidance, which allows 3D mapping of
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tumors, functional mapping and electrocorticography, which allow pre- and intraoperative
differentiation of normal and tumor tissue, the use of ultrasonic aspirators and neuroendoscopy,
have all improved the results of neurosurgical intervention and has resulted in less surgical
damage to normal brain tissue. These neurosurgical advances, coupled with the use of
various chemotherapy regimens, have resulted in considerable improvements in outcome for
some. This field, however, still remains an area begging for a better understanding of the
optimum management of these devastating and often fatal tumors.

In the early days of pediatric oncology Wilms tumor in its early stages was cured with
surgery followed by radiation therapy. The diagnosis was made with an intravenous
pyelogram and inferior venocavogram and chest radiography was employed to detect
pulmonary metastases. The diagnosis and extent of disease were better defined when CT of
the abdomen and chest became available. The development of the clinicopathological
staging system and the more accurate definition of the histology into favorable and
unfavorable histologic types, allowed for more focused treatment with radiation and
multiple chemotherapy agents, for different stages and histology of Wilms tumor, resulting
in the excellent outcomes observed today. The success of the National Wilms Tumor Study
Group (NWTSG), more than any other effort, provided the model for cooperative group
therapeutic cancer trials, which in large measure have been responsible for advances in
treatment of Wilms tumor.

The diagnosis of neuroblastoma and its differentiation histologically from other round blue
cell tumors such as rhabdomyosarcoma, Ewing sarcoma and non-Hodgkin lymphoma was
difficult before neurone-specific enolase cytochemical staining, Shimada histopathology
classification, N-myc gene status, VMA and HVA determinations and MIBG scintigraphy
were introduced. In the future, new molecular approaches will offer diagnostic tools to
provide even greater precision for diagnosis. The existing markers coupled with a staging
system have enabled neuroblastoma to be assigned to various risk group categories with
specific multimodality treatment protocols for each risk group which has improved the
prognosis in this disease. Improvements in diagnostic radiology determining extent of
disease and modern surgical techniques have enhanced the advances in chemotherapy in
this condition. However, despite all the advances that have occurred, disseminated
neuroblastoma still has a poor prognosis.

Major advances have occurred in rhabdomyosarcoma treatment over the years. Early on
treatment of this disease was characterized by mutilating surgery including amputation and
a generally poor outcome. More accurate histologic diagnosis, careful staging, judicious
surgery, combination chemotherapy and radiotherapy have all contributed a great deal to
the improved cure rates with significantly less disability.

Malignant bone tumors had a terrible prognosis. They were generally treated by amputation
of the limb with the primary tumor; however, this was usually followed by pulmonary
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metastases and death. The major advance in the treatment of this disease came with the use
of high-dose methotrexate and leukovorin rescue which, coupled with limb salvage
treatment, has resulted in improved survival and quality-of-life outcomes.

The advances in the treatment of hepatoblastoma were made possible by safer anesthesia,
more radical surgery, intensive postoperative management together with multiagent
chemotherapy and more recently the increased use of liver transplantation. These advances
have allowed many patients to be cured compared to past years.

Histiocytosis is a disease that has undergone many name changes from Letter-Siwe disease,
Hand-Schiiller-Christian disease and Eosinophilic Granuloma to the realization that these
entities are one disease, re-named histiocytosis X (to include all three entities) to its present
name of Langerhans Cell Histiocytosis (LCH) due to the realization that these entities have
one pathognomonic pathologic feature that is the immunohistochemical presence of
Langerhans cells defined in part by expression of CD1a or langerin (CD207), which induces
the formation of Birbeck granules. Advances have occurred in the management of this
disease by an appreciation of risk stratification depending on number and type of organs
involved in this disease process as well as by early response to therapy. Once this was
established, systemic therapy was developed for the various risk groups which led to
appropriate and improved therapy with better overall results.

Until a final prevention or cure for cancer in children is at hand, hematopoietic stem cell
transplantation must be viewed as a major advance. Improved methods for tissue typing, the
use of umbilical and peripheral blood stem cells, improved preparative regimens, including
intensity-reduced approaches and better management of graft-versus-host disease has made
this an almost routine treatment modality for many metabolic disorders, hemoglobinopathies
and malignant diseases following ablative chemotherapy in chemotherapy-sensitive tumors.
Post-transplantation support with antibiotic, antifungal, antiviral, hematopoietic growth
factors and judicious use of blood component therapy has made this procedure safer than it
was in years gone by.

The recognition of severe and often permanent damage to organs and life-threatening
complications from chemotherapy and radiation therapy has, over the years, led to regimens
consisting of combination chemotherapy at reduced doses and reduction in dose and field of
radiation with improved outcome. An entire new scientific discipline, Survivorship, has
arisen because of the near 80% overall cure rate for childhood cancer. Focusing on the
improvement of the quality of life of survivors coupled with research in this new discipline
gives hope that many of the remaining long-term effects of cancer chemotherapy in
children will be mitigated and possibly eliminated.

Major advances have occurred in the management of chemotherapy-induced vomiting and
pain management because of the greater recognition and attention to these issues and the



