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Abstract
The Children's Oncology Group (COG) recently celebrated the milestone of 50 years of pediatric
clinical trials and collaborative research in oncology. Our group had its origins in the four legacy
pediatric clinical trials groups: the Children's Cancer Group, the Pediatric Oncology Group, the
National Wilms' Tumor Study Group and the Intergroup Rhabdomyosarcoma Study Group which
merged in 2000 to form the COG. Over the last 50 years, the survival rates for childhood cancer have
risen from 10% to almost 80%. Outcome in Acute Lymphoblastic Leukemia (ALL) has gone from
a six month median survival to an 85% overall cure rate. We have modified therapies in most major
diseases to induce remission with the least amount of long term sequelae. Here we look back on our
advances but also look forward to the next 50 years which will produce even more successful
treatments that will be tailored to the specific patient translating the tools of molecular genetics.
Experience has clearly proven that everything we know about the diagnosis and management of
childhood cancer is a result of research and the dramatic historical decrease in mortality from
childhood cancer is directly related to cooperative group clinical research.

The Children's Oncology Group (COG) is an international research organization, supported
principally by the National Cancer Institute (NCI). This group has evolved from the very first
of the cooperative cancer clinical trials groups in 1955. Primarily through the conduct of clinical
trials, COG is devoted to the development of new treatments and cures for the cancers of infants,
children, adolescents, and young adults. In addition, the Group conducts research on the
biology of these cancers, their causes, and the long-term outcomes of patients treated on group
studies. COG membership includes over 5,000 pediatric cancer specialists in approximately
230 pediatric medical centers in the United States, Canada, Switzerland, the Netherlands,
Australia, and New Zealand. At COG institutions, multidisciplinary teams consisting of
physicians, basic scientists, nurses, psychologists, pharmacists and other specialists use their
specialty skills in the diagnosis, management and investigation of childhood cancer. The
mission of the COG is to cure and prevent childhood and adolescent cancer through scientific
discovery and compassionate care. To accomplish its mission, the COG has several objectives
that include the design and conduct of clinical trials to define the optimal treatment of pediatric
cancers, the conduct of correlative laboratory investigations which are expected to translate
into new, more effective and less toxic therapies, the conduct of epidemiologic investigations
to identify possible associations and causes of childhood cancer for eventual therapeutic
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exploitation, and the conduct of research to improve the quality of life and survivorship. This
last goal is a direct derivative of our ability to cure nearly 80 percent of childhood cancer
patients.

Most member institutions of COG are pediatric research and/or teaching hospitals, integral to
distinguished medical schools or cancer centers. At each institution, eligible patients who
choose to enroll in the active trials of the Group are treated in accordance with COG protocols.
The comparatively low incidence of cancer in children and resulting sample size constraints
mandate multi-center and multi-disciplinary clinical trials. No single institution has sufficient
patient volume to perform definitive, randomized, controlled trials. In addition, with the
increasing complexity of the clinical and biologic sub- classification of even major types of
childhood cancer, coupled with the current attention to risk-adjusted therapy approaches, the
issue of sample size becomes even more complex and has lead in recent years to more
international collaboration. Through the pooling of scientific ideas, patient data, and other
resources, COG has made rapid progress with such scientific inquiry. In addition, children and
adolescents gain access to state-of-the-art cancer therapy by being enrolled on these COG
studies, which incorporate the most effective, proven treatment approaches to date. Thus, COG
is able to offer children the best hope for cure while continuing to advance medical science
through the conduct of clinical trials.

In the United States, 90-95 percent of all children under age 15 with a newly diagnosed
malignancy are seen at a COG institution. If a clinical trial is available, 50-60 percent of
children eligible are enrolled. For young children (less than 5 years of age) enrollment rates
are much higher, 90 percent. In 2007, the COG has over 70,000 children with cancer who were
being managed with research protocols or were in active follow up. COG provides state-of-
the-art treatment as well as innovative experimental treatments. In the last 4 years 14,000
children have been enrolled on therapeutic clinical trials and 16,000 on non-therapeutic clinical
trials. In 2007, 4300 children will be enrolled on a therapeutic trial and an additional 6000 on
a non-therapeutic trial. More than any other factor, clinical research of this type has been
responsible for dramatic improvements in the survival rates of children with cancer. Cure rates
have improved from less than 10%—when the cooperative groups were founded—to nearly
80 percent at present. What is now known about curing children with cancer has been gleaned
from research conducted through the pediatric cooperative groups.

Through the COG, this established and successful tradition of improving childhood cancer
treatment through clinical trials continues. In late 1998, the existing pediatric cancer clinical
trials groups based in North America (the Children's Cancer Group, the Pediatric Oncology
Group, the Intergroup Rhabdomyosarcoma Study Group, and the National Wilms' Tumor
Study Group) considered combining their efforts in order to accelerate progress and use
resources wisely in their shared fight against cancer. The vision and dedication required to
merge these entities into a single cooperative group—the Children's Oncology Group—marked
the beginning of a new era in the effort to conquer childhood cancer. The spirit of collaboration
signified by this event remains visible through the continued involvement of clinical
investigators, laboratory scientists, patients, parents and other advocates.

Since the merger in 2000, over 1000 Manuscripts reporting the results of COG research were
published in peer-reviewed scientific journals and numerous presentations have been made at
national and international scientific meetings each year. Through these mechanisms, the results
of COG research are made available to physicians around the world who treat children with
cancer. COG is considered the premier childhood cancer research organization in the world.
It has treated more children with cancer than any other organization in history, and has been
responsible for many advances during the past 50 years. As part of this stewardship, the Group

O'Leary et al. Page 2

Semin Oncol. Author manuscript; available in PMC 2009 October 1.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



has active and planned affiliations with cooperative groups in Europe, Israel, and Latin and
South America. (1)

The history of the cooperative group approach to childhood cancer began with one of the
founders of the very first cooperative group, Dr. Joseph Burchenal. In 1948, he reported the
effect of nitrogen mustard compounds on mouse leukemia. At about the same time, Dr. Sidney
Farber had achieved temporary remissions in children with leukemia with folic acid
antagonists. (2) Subsequently, investigators identified additional chemotherapeutic and
hormonal agents that induced temporary remission, including ACTH, cortisone, and anti-
purine analogues. (3,4) The median survival for children treated with anti-folic agents and/or
folic acid antagonists between 1948 and 1952 was 8 months. By the mid-1950s, the addition
of purine antagonists increased the median survival to one year, with a ten percent survival
rate at 22 months. (5)

Seven years after the original Burchenal publication, the Cancer Chemotherapy National
Service Center of the National Institute of Health sponsored programs to organize institutions
to cooperate in evaluating new potential anti-leukemic agents for children. The Acute
Leukemia Chemotherapy Cooperative Study Group A (ALCCSGA) was formed in 1955. The
original members included Dr. Frank Bethell of the University of Michigan; Dr. Joseph H.
Burchenal of Memorial Hospital Sloan Kettering Institute and Cornell University Medical
College; Dr. Byron Hall of Stanford University Medical School; Dr. Charles D. May of State
University of Iowa; Dr. E. Clarence Rice of the Children's Hospital of the District of Columbia;
Dr. Carl Smith of The New York Hospital; Dr. Phillip Strugeon of the Children's Hospital
Society of Los Angeles and Dr. James Wolff of Babies Hospital in New York.

The first clinical trial of the ALCCSGA was a comparison of 6-MP versus 6-MP plus azaserine.
It ran between 1955 and 1956 and its results were published in Blood in 1960, with Dr. Ruth
Heyn as the lead author.(6)There were 168 patients entered without previous therapy but 30
were subsequently removed for the trial due to progression and the need for corticosteroid
treatment. There was no statistical difference in the number of remission obtained or the
duration of the complete remissions between the two arms. In addition the group was
conducting phase I studies of actinomycin D, mitomycin C, 5-fluoro-2′-deoxyuridine, endoxan,
6-mercaptopurine riboside, miracil D and azauracil. By 1959, there were 12 member
institutions and the meetings convened during the national meetings of the Society for Pediatric
Research and the American Pediatric Society. This group evolved over the years into the
Children's Cancer Study Group and later the Children's Cancer Group, one of the four legacy
groups that agreed in 1998 to become the Children's Oncology Group.

Other Cooperative groups were also formed during the same era, with a focus on adult leukemia
and other cancers—including the Acute Leukemia Chemotherapy Cooperative Group B
(ALCCGB), The Eastern Cooperative Oncology Group and the Southwest Cancer
Chemotherapy Study Group (SWOG). ALCCGB and SWOG both included pediatric
components that preceded those of the legacy Pediatric Oncology Group.

The first progress report of the ALCCSGA, prepared by Dr. M. Lois Murphy in 1959, reported
a group of twelve institutions. Five combination protocols in 542 patients were reviewed (with
an additional 326 patients considered to be ineligible). Dr. Murphy reported on the occurrence
of all types of cancer in children and noted that the group was preparing a protocol for metastatic
solid tumors in children. By 1964, 1485 newly-diagnosed children with leukemia had been
placed on a series of protocols and the group now had 3 geographical subgroups. Each subgroup
chair had the responsibility of organizing Phase I and II sub-studies. Different ALL
maintenance programs were assigned to the individual geographic subgroups. The average
annual accrual for the group was now 200-250 patients. Children with metastatic solid tumors
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were now receiving triple therapy with chlorambucil, methotrexate and Actinomycin D (7);
72 patients were accrued onto this study that was the precursor to the Intergroup
Rhabdomyosarcoma and Ewing's Study Groups as well as the National Wilm's Tumor Study
Group. The progress report also cited the need to address other common solid tumors in
children, including neuroblastoma and brain tumors, and recommended a multi-disciplinary
approach. Ancillary studies were placed under the auspices of Dr. Mila Pierce and included
evaluations of children with Down Syndrome and leukemia, siblings of children with leukemia,
and infants with leukemia.

In the progress report for the ALCCSGA for the period from December 1955 to April 1964
there is a report that in leukemia patients induced with prednisone and maintained with 6 MP
or 9-ethyl-6-MP that remission lasted an average of 230-300 days as compared to a 4-6 week
prednisone induction with further cessation of therapy leading to a remission duration of 60
days. The planned follow up study was to look at the addition of methotrexate, vincristine and
cyclophosphamide given concurrently versus the standard of one drug plus prednisone until
relapse then reinduction with the next drug plus prednisone in a sequential manner.(8,9) Dr.
Sanford Leikin was in charge of a study that evaluated the optimal dose and schedule of
prednisone in newly-diagnosed patients from 1964-1965(10). Five dose schedules were used
in previously untreated patients. Three dose levels divided every 8 hours and two higher dose
levels given at either 2 or 4 day intervals.

By September of 1967, Dr. Hartmann was the Chair of the ALCCSGA and its first constitution
had been developed. The name had been shortened to the Children's Cancer Study Group. The
first randomized trial for non-metastatic Wilms' tumor was completed—comparing a single 5-
day course of Actinomycin-D plus surgery and radiation to repeated 5-day courses over 15
months, with 113 patients on study.(11) Eighty-six percent of those treated with the repeated
course Actinomycin –D versus 48 percent with a single course of Actinomycin-D continued
in complete remission. This trial led to the formation of the National Wilms' Tumor Study
Group (NWTS).

The first meeting of the Wilms' Tumor Integrated Study Group was held in May 1968 at Babies
Hospital in New York. The first site visit was in December of 1969, with Drs. D'Angio,
Breslow, Beckwith and Evans in attendance. Over the next thirty years, five National Wilms'
Tumor studies were developed and completed, with a profound effect on the therapy for this
tumor and other malignancies of the renal system. This group was a model of interdisciplinary
cooperation between pediatric oncologists, pediatric surgeons, and radiation therapists. The
NWTS 1 detailed that post-operative abdominal radiation therapy was not necessary for
children younger than 2 years of age with Stage I Wilms' tumor who were treated with
dactinomycin. The combination of vincristine and dactinomycin was more effective for the
treatment of those with Stage II or III Wilms' tumor than either drug alone. (12) NWTS 2
demonstrated that a reduced duration of chemotherapy—six months with vincristine and
dactinomycin for children with Stage I Wilms' tumor who did not receive abdominal irradiation
—did not affect prognosis. The addition of doxorubicin to the combination of vincristine and
dactinomycin improved the event-free survival of irradiated children with stages II-IV Wilms'
tumor. (13).

NWTS 3 further defined therapy for the Stage III patient with its proof of the benefit of the
addition of a third drug (doxorubicin), and that an abdominal radiation dose of 1000 cGy was
as effective as 2000 cGy. Cyclophosphamide did not benefit Stage IV patients as a fourth
chemotherapeutic agent. (14) NWTS 4 looked at the economics and duration of treatment. This
study found that pulses of actinomycin were as effective as the conventional schedule and
markedly simplified treatment regimens. In addition, 6 months of therapy was found to be as
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effective as 15 months for patients with Stage III and IV disease with favorable histology.
(15,16)

With the superior survival statistics for this disease, the Wilms' Tumor Study Group initiated
the study of late effects.(17) The consequences of abdominal irradiation, nephrectomy, and
exposure to chemotherapy in this population of cancer survivors were reviewed, paving the
way for the more extensive follow-up programs integral to the care of every current pediatric
oncology patient. NWTS 5 built on the success of treatment for this disease and looked at the
biology of the tumor. With prescribed uniform therapy for all stages, the tumors were evaluated
for prognostic factors. Loss of heterozygosity on chromosomes 1p and 16q were found to be
adverse factors in favorable histology Wilms' tumor. This knowledge will direct current therapy
in this disease. (18)The next sequence of therapeutic trials has instituted a classification phase
to determine the type and length of therapy for patients based on stage and biologic
characteristics.

A most interesting and intriguing accomplishment by this group has been the definition of renal
malignancies. In 1978, Dr. Beckwith published the early results of the NWTS pathological
reviews of patients. The Group defined favorable and unfavorable histology and identified the
clear cell sarcoma of the kidney and rhabdoid tumor of the kidney. (19)

In June of 1968, Dr. Denman Hammond was elected Chair of the Children's Cancer Study
Group, which had grown to 25 institutional members. He established an operations center to
include data and statistical departments. Standing disease and discipline committees were
established. CCSG was governed by an executive committee, in conjunction with the Group
Chair. In 1969, 291 newly-diagnosed patients with leukemia were entered onto trials, in
addition to 591 previously-treated patients and 130 patients with solid tumors. The first group
epidemiology study was initiated to evaluate the survival of 1,770 children with leukemia
treated by the Children's Cancer Study Group A between 1957 and 1964. (20) The patients
were primarily Caucasian with a slight male predominance. The peak incidence was 3.1 years.
They found that survival time was dependent on the morphology of the leukemia with acute
lymphoid leukemia at a median of 278 days, acute granulocylic leukemia 98 days, and acute
monocytic leukemia 101 days. In all morphologic types, the patients with WBC less than 4,000
fared better. The first pharmacology study assessed the kinetics of L-asparaginase via
intravenous versus intramuscular administration. Drs Mark E. Nesbit and Ronald Chard
hypothesized a relation of anaphylactic reaction to asparaginase to loss of effect based on serum
drug levels. Both methods of administration achieved similar effects if evaluated over 48 hours.
(21) In the early part of the 1970's, the computer entered the group sphere and was used for
data management on CCA-903 and for an immune stimulation study in ALL/AUL.

Dr. Ruth Heyn was the chair of the Rhabdomyosarcoma Study Committee which studied the
effectiveness of Actinomycin-D and vincristine in addition to surgery and radiation therapy.
(22) In May of 1970 at a Pediatric Tumor Intergroup Liaison Meeting, a Rhabdomyosarcoma
task force was formed with Dr. Ruth Heyn, Dr. Hal Mauer (ALGB) and Dr. Teresa Vietti
(Southwest Cancer Chemotherapy Study Group, SWCCG) at the suggestion of Dr. Lawrence
Foye, Chief of the Clinical Investigations Branch of the NCI. This group put together the
mechanisms that allowed the first Intergroup Rhabdomyosarcoma Study Group (IRSG)
protocol to be activated in 1972. The first Chair of the IRSG was Dr. Hal Mauer, and their first
meeting occurred in Salt Lake City in February, 1973. At that meeting Dr. Mauer obtained the
drug doxorubicin from the NIH for future studies, while vincristine, cyclophosphamide and
dactinomycin were felt to be commercially available. Other physicians and investigators
crucial to the success of the IRSG include Drs. Beverly Rainey, Frederick Ruymann, Wataru
Sutow, Edward Gehan, William Crist, Edward Soule, and William Newton.
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Over the next thirty years four national studies were conducted by the IRSG. IRSG I treated
686 patients with Rhabdomyosarcoma or undifferentiated sarcoma, with results published in
1988. (23) Patients with low-stage disease (Clinical Group 1, who presented with local disease
and had complete resections) did not benefit from radiation added to vincristine, dactinomycin
and cyclophosphamide (VAC). Those with regional disease who received radiation did not
benefit from the addition of cyclophosphamide to vincristine and dactinomycin. Those with
more extensive disease did not benefit from the addition of doxorubicin to aggressive VAC
plus irradiation. Overall, distant metastatic recurrence was more common than local recurrence.
Tumors of the orbit and GI tract had the best prognosis. (23) The goal of the IRSG II was to
improve overall survival in all groups. Nine hundred and ninety-nine patients were treated,
with an overall 5-year survival rate of 71%, compared to 63% for IRSG I (24) Pathology and
clinical group were found to be variables for prognosis upon analysis of IRS I and II. (25) The
clinical group was most important in both studies. With respect to pathology, alveolar tumors
had the poorest survival and botyroid/embryonal tumors the best. In IRSG III, intensification
of treatment again correlated with improved outcome when a risk-based study design was
utilized. The best results were seen in patients with gross residual disease after biopsy??. This
study also proved that decreased therapy in selected subsets was possible without an affecting
overall survival, in particular, Group 1 patients with favorable histology. (26)

IRSG IV (27,28) expanded upon previous studies, and determined that for patients with local
or regional disease, multiple drug combinations were effective with surgery and radiation
therapy if indicated. Younger patients with Group 1 Para testicular embryonal primaries, and
all patients with Group 1 or 2 orbit or eyelid tumors, could be cured with vincristine and
dactinomycin, with the addition of radiation for patients with Group 2 disease. Patients with
embryonal tumors who received intensive three-drug chemotherapy and appropriate other
treatment modalities had a 3-year event-free survival of 83%. As part of the design, patients
with Group III disease could be randomized to hyperfractionated radiotherapy compared to
conventional radiotherapy, but no benefit was noted.

During the 1970's and early 1980's, the Intergroup Ewing's Sarcoma Group (IESS)
systematically approached patients with this disease and with two large studies defined major
therapeutic treatment advances. IESS -1 utilized multi agent chemotherapy
(cyclophosphamide, vincristine and dactinomycin) with doxorubicin and localized
radiotherapy to improve long term survival in patients with localized disease.(29,30,31).
Prophylactic pulmonary irradiation or the addition of doxorubicin to the VAC regimen also
reduced the subsequent incidence of pulmonary metastases. (30) IESS-2 looked at high dose
intermittent four drug combinations from IESS-1 to moderate dose continuous therapy with
local control radiation and recommended surgical resection. The high dose arm was superior
with metastatic disease as the primary reason for failure in both groups. Relapse free survival
was 73% compared to 56%. Cardiovascular toxicity was significantly greater on the high dose
regimen.(32)

While the Children's Cancer Study Group continued to evolve, the Pediatric Oncology Group
also became an entity in 1980. In 1956 the SWCCSG was organized with a pediatric component
under Dr. Grant Taylor at MD Anderson with Dr. Ken Griffith as their group statistician. Dr.
Taylor was succeeded by Dr. Emil Frei III as chair in 1969; Dr. Ed Gehan was the new group
statistician. In 1972, Dr. Barth Hoogstraten became the new chair, and in 1973 the group
became known as the Southwestern Oncology Group (SWOG). In 1980, the pediatric division
of SWOG separated and became the Pediatric Oncology Group (POG), with Dr. Teresa Vietti
as Chair. Drs. Jon Shuster and Jeff Krischer were the statisticians. In 1993, the POG operations
office moved from St. Louis to Chicago when Dr. Sharon Murphy assumed the Chairmanship.
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Numerous scientific advances were accomplished by the POG. Their investigators, in
conjunction with members of the Children's Cancer Group, collaborated with an international
panel to establish a staging system for Neuroblastoma that reflected the biology of the tumor
as well as the clinical presentation. (33) This collaboration continues to evolve and is now the
basis of the classification protocol for the COG that is a prerequisite for treatment determination
for all patients with this disease. Utilizing intergroup resources, the importance of MYCN was
described as a prognostic indicator for survival for patients with high-risk Neuroblastoma.
Treatment protocols for acute lymphoblastic leukemia emphasized the use of methotrexate
(34) and the identification of biologic prognostic factors for this disease. POG investigators
described the poor prognostic indicator of the Philadelphia Chromosome in ALL. (35) They
documented that the presence of hyperdiploidy was a good prognostic indicator for Acute
Lymphoblastic Leukemia. (36) Further cytogenetic investigations of ALL also defined that
trisomies of chromosomes 4 and 10 (37) were independent indicators of improved prognosis
with anti-metabolite therapy. Overall, the POG developed risk stratification for ALL with
biologic markers that were identified in serial studies throughout the 1980's and 1990's. Down
Syndrome (DS) patients with AML were identified as a group responsive to therapy, unlike
other non-DS patients with this disease. (38)

Post-surgical chemotherapy for patients with osteogenic sarcoma was proven valuable by a
small POG study of only 36 patients. (39) but this remains the standard for this disease group.
POG published extensively on the topic of infant CNS tumors and the profound effects of
radiation therapy in this age group. This legacy group worked to modify treatment for infant
brain tumors in order to decrease sequelae in survivors by utilizing aggressive post-operative
chemotherapy in order to delay radiotherapy. (40)

POG and the Children's Cancer Group (CCG) performed many joint studies. They participated
in NIH-sponsored panels to advance the classification of acute lymphoblastic leukemia (41)
and developed intergroup studies in Ewing's sarcoma after the IESS group ended, and
hepatoblastoma. The Ewing's study defined the importance of ifosfamide and etoposide in the
treatment of that disease. (42) The legacy CCG established the therapeutic benefit of cisplatin
and continuous infusion doxorubicin in Stage III and IV hepatoblastoma while POG had similar
results for cisplatin, vincristine and fluorouracil. (43,44) An intergroup study for
hepatoblastoma was completed that showed no significant difference in event free survival or
survival for either regimen. (45)

The POG Statistics and Data Center was one of the first to use remote data entry which allowed
for enrollments to clinical trials continuously. They established the POG log, in which all
patients with a pediatric malignancy at their member institutions were registered. This is the
precursor to the Children's Cancer Research Network, a major goal of the merged COG. This
mechanism will establish a population based pediatric cancer registry for North America.

The Children's Cancer Study Group—also known as the Children's Cancer Group (CCG)—
also achieved many milestones in the last 50 years. Through its collaboration with the POG
and participation with the IRS and NWTS Groups, it has helped increase the survival rate of
children with cancer, now approaching 78% at 5 years.

In the early 1970s, the CCG initiated CCG 101 to evaluate the sanctuary therapy for ALL that
had been systematically developed during the prior decade.(33,34) This multi-agent approach
for ALL was first pioneered with MOPP therapy in Hodgkin disease. It provided the future
foundation for the use of multi-agents induction, consolidation, and maintenance phases of
current leukemia therapy. CCG 101 was developed to define the length of therapy (46,47) and
to focus on disease in the CNS and testes. Subsequent analysis of these leukemia patients
revealed the impact of initial white blood cell count and age on prognosis. Prophylactic CNS
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therapy was determined to be important, and CNS radiation to be effective for prophylaxis.
With the advent of late effects studies revealing cognitive and other deficits related to CNS
radiation, the CCG slowly eliminated CNS radiation prophylaxis in favor of intrathecal
chemotherapy for all but the most aggressive forms of ALL.

The CCG continued its ALL focus and incorporated the Berlin-Frankfurt-Munich (BFM)
delayed intensification phase for all risk groups.(48)In the 1980s and 1990s, serial protocols
proved the benefit of delayed intensification with decadron, L-asparaginase, doxorubicin,
vincristine, cyclophosphamide, cytarabine and 6-thioguanine for low, average, and high risk
ALL patients. CCG 1922(49) introduced decadron into induction for the average risk ALL
patient, which proved to be another significant improvement in event-free survival. While the
POG focused on prognostic indicators and later minimal residual disease (MRD), the CCG
assessed early response based on early marrow improvement measured during induction
therapy. CCG measured bone marrow response on day seven which dictated further therapy
for high risk patients and proved the benefit of further augmented therapy in slow early
responders.(50) This response based model is the basis of our current open ALL trials that are
identifying risk group based on age, wbc, minimal residual disease (MRD), cytogenetics and
morphological response.

In figure 1, we see the overall effect of the serial ALL studies of the CCG that addressed
sanctuary therapy, the integration of delayed intensification and the use of response based
therapy.

The CCG was the first American group show the benefit of chemotherapy in patients with
Medulloblastoma. (51) This was followed by studies utilizing adjuvant chemotherapy to reduce
the overall dose of craniospinal radiation without loss of efficacy for children with non-
disseminated Medulloblastoma (52).

International collaboration has been vital to the CCG approach to Burkitt lymphoma, which
most recently has produced a marked improvement in disease-free survival with aggressive
therapy. (53,54) In collaboration with the French LMB (write out) group, an international study
was developed that looked at a reduction in therapy for intermediate risk Burkitt patients, and
there was no difference in the group given half dose cyclophosphamide. In addition, the high
risk patients with central nervous system disease, leukemia or poor response the reduction
phase of cyclophosphamide, prednisone and vincristine required the standard therapy and did
significantly worse if randomized the reduced dose therapy.

Effective treatment of high-risk Neuroblastoma improved with autologous stem cell transplant,
and significant relapse-free survival was noted in patients receiving aggressive chemotherapy
or transplants with the addition of cis-retinoic acid during remission. (55) Lower risk children
with Neuroblastoma were studied extensively, resulting in recommendations to eliminate
chemotherapy and radiation after surgery in low stage disease. (56) Children with acute
myelogenous leukemia (AML) were found to have significantly increased survival rates when
treatment included allogeneic bone marrow transplant (biologic randomization) versus
maintenance chemotherapy.(57) Subsequent studies revealed an improved outcome for those
without transplant with aggressive chemotherapy and intensified timing. (58) Infant acute
lymphoblastic leukemia was studied with an intergroup approach (CCG and POG). Infants
benefited from an aggressive four-drug induction phase and a high-dose intravenous
methotrexate consolidation phase in lieu of cranial irradiation. Infants with germ line mutations
and those younger than 6 months of age remain difficult to treat. (59)

Throughout the therapeutic studies of all of the legacy groups, treatment protocols were
augmented by biologic research agendas that allowed for the development of exquisite
classification systems for Neuroblastoma, ALL, AML, Wilms' tumor and Rhabdomyosarcoma.
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With ongoing research targeted at CNS tumors, Ewing sarcoma and osteogenic sarcoma,
similar improvements are anticipated.

Late effects of therapy have more recently been the focus of research; many members of the
legacy groups have participated in the Childhood Cancer Survivor Study. CCG outcomes and
sequelae studies of patients treated for ALL revealed an increase in the incidence of brain
tumors in patients treated on early protocols that included prophylactic cranial irradiation and
intrathecal methotrexate. (60) Analyses of intellectual outcome are integral to current treatment
protocols, particularly for patients with ALL and CNS tumors. (61)

In addition to the success of our clinical trials program, we have also facilitated the progress
of the NCI's Pediatric Central Intuitional Review Board such that greater than 60 percent of
our eligible institutions are fully affiliated after only two years. COG has also continued its
focus of international collaboration with the European-American Osteosarcoma study that is
now open and includes the COG as well as several European clinical trials groups. The
negotiations and interactions that preceded the opening of this study, which includes
commercial and an investigational agent, led to the development of CTEP guidelines with input
for OHRP for the conduct of clinical trials

Since the merger of the legacy groups, many new achievements have occurred. In ALL the
prognostic significance of MRD and its relation to other risk factors is the cornerstone of a new
risk classification system for ALL. All patients with ALL now undergo multiple cytogenetic,
MRD, and soon to be molecular analysis to determine their risk group and subsequent treatment
after an initial four week induction regimen that build on the classic factor of age and white
blood cell count. (62,63). The merged group has also allowed for a renewed interest in
retinoblastoma and the ability to provide a Group approach to multidisciplinary treatment for
this disease. The Hodgkin Disease studies are focused on the use of CT and PET response to
early cycles of therapy to determine length and aggressiveness of continued therapy.

Even with our now encouragingly successful outcome in ALL (figure 2); there has been
continued improvement in the last 5 years with survival approaching 90%. In figure 3, we see
that

With the more aggressive strategies, the survival of AML with and without bone marrow
transplantation is over 50 percent. The use of targeted therapy approaches, including
monoclonal antibodies in this disease, is the focus of our next generation of studies.

In figure 4, we see the benefit of aggressive surgery, chemotherapy and more targeted radiation
therapy for patients with Medulloblastoma treated by the COG in the last 5 years, with survival
approaching 70 percent.

But despite achievements in other aggressive disease we continue to have challenges. Stage
IV Neuroblastoma continues to prove resistant to therapy and in figure 5 we see that the overall
survival in this disease while improved remain below 50 percent.

The last fifty years have been replete with scientific discoveries and accomplishments in the
treatment of childhood cancer. The members of COG anticipate the next fifty, in hopes of
applying the many discoveries in translational research, developing a pediatric cancer registry
and long-term survivor registry, improving outcomes for patients with diseases such as high-
risk Neuroblastoma, CNS tumors, relapsed acute lymphocytic leukemia, infant leukemia, and
AML in those lacking stem cell donors, and improving the quality of life for survivors of
childhood cancer.(64) As new versions of old standards become available we anticipate the
continued modification of therapies, as in the new look at asparaginase.(65) COG, as the
successful cooperative group treating most children in North America, Australia and New
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Zealand under the age of 15, is now focused on strategies to extend this success to adolescents
and young adults with cancer.(66) Another fascinating fact revealed in a review of the historical
reports of the legacy groups is the commitment of senior pediatric hematologist-oncologists to
training the next generation. It remains a focus today, succession planning for the future
physicians and scientists that will lead the next generation of therapeutic and non-therapeutic
trials.

Our future will build on the past. We will continue with clinical trials but are now committed
to look at the biologic parameters of the cancers and therapies we deal with. COG is evaluating
gene expression signatures in our leukemia and solid tumor banked specimens. We have
evidence that gene expression patterns can refine diagnosis and predict outcome and will prove
useful for future risk group classification. Pharmacogenomic investigations will allow us to
predict toxicities in homogeneously treated groups of patients, leading to individualized
therapy models. COG has been an active participant in the unique NCI intramural and
extramural collaboration with the Cancer Genome Atlas and Cancer Genome Anatomy Project
through the TARGET (Therapeutically Applicable Research to Generate Effective Treatments)
initiative. We are able to participate in such initiative because of the Biopathology Center that
banks specimens from our patients on our biology and therapeutic studies. This is the world's
largest repository of clinically annotated biospecimens of both tumor and germ line DNA which
will make it possible for COG to design, coordinate, and undertake genomic and transcriptomic
analysis in collaboration with other scientists nationally and internationally. This will
ultimately lead to the identification of specific genes and/or gene regions for sequencing.
Information from the sequencing of informative genes can then direct us to potential therapeutic
targets.

The COG is dedicated to discovery and committed to care for children and adolescents. Our
accomplishments have been made possible by the willingness and dedication of our patients
and families to participate in treatment and research protocols.
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Fig 1.
Survival of CCG Patients with ALL 1968 -1997
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Fig 2.
Overall COG Treatment Trials ALL
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Fig 3.
Overall COG Treatment Trials AML
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Fig 4.
Overall COG Treatment Trials Medulloblastoma
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Fig 5.
Overall COG Treatment Trials High Risk Neuroblastoma
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