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PEDIATRIC HODGKIN’S DISEASE—UP, UP, AND BEYOND

SARAH S. DONALDSON, M.D.

Department of Radiation Oncology, Stanford University Medical Center, Stanford, CA

Juan A. del Regato, 1909–1999, was a superb clinician-educator who recognized the radiocurability of Hodgkin’s
disease but questioned treatment without late effects, particularly in children. The remarkable progress in
pediatric Hodgkin’s disease today is a tribute to this influential pioneer, who served as a role model to many.
Combined modality therapy using low-dose, involved-field radiation and multiagent chemotherapy today results
in a 5-year relative survival rate of 94% among American children with Hodgkin’s disease. However, several
areas hold promise for future advances, including a new pathology classification and biology studies that
distinguish classic Hodgkin’s disease from other lymphomas; new noninvasive staging techniques, including
18F-fluorodeoxyglucose–positron emission tomography; the definition of risk groups to segregate low-, interme-
diate-, and high-risk groups on the basis of a prognostic index, facilitating risk-adapted therapy; and myeloa-
blative therapy followed by hematopoietic stem cell transplantation. Currently used for children with relapse, it
is associated with a 5-year survival of 65% and should be considered as the initial therapy for high-risk groups.
Idiopathic diffuse pulmonary toxicity after autologous transplantation is high among children with an atopic
history; thus, atopy should be considered when selecting children appropriate for transplantation. Finally, novel
therapies, such as the anti-CD20 antibody, rituximab, may be useful for children with CD20�, lymphocyte-
predominant Hodgkin’s disease. The universal goal of cure without late effects is realistic for almost all children
with Hodgkin’s disease today. © 2002 Elsevier Science Inc.

Pediatric Hodgkin’s disease, Treatment, Prognosis.

A TRIBUTE TO A GREAT LEADER

Tributes made to Juan Angel del Regato shortly after his
death chronicled the milestones in the life and career of this
remarkable pioneer, role model, and leader (1, 2) (Fig. 1).
Juan A. del Regato was born in Camaguey, Cuba on March
1, 1909, educated at the University of Paris, and received
specialized training in radiation oncology at the Curie Foun-
dation and Radium Institute of the University of Paris. He
immigrated to the United States to direct the radiotherapy
service at Ellis Fischel Cancer Center in Columbia, MO,
and then at the Penrose Cancer Hospital in Colorado
Springs, CO. He retired as a Distinguished Physician of the
Department of Veterans Affairs in Tampa, FL, and died
June 12, 1999.

Dr. del Regato was a superb clinician-educator who in-
fluenced many students and colleagues. He served as a role
model and mentor to many of today’s leaders in radiation
oncology, some of whom trained with del Regato at the
Penrose Cancer Hospital, and all of whom read his textbook
“Cancer—Diagnosis, Treatment, and Prognosis.” It was in
the fourth edition of this text, published in 1970, in which
Dr. del Regato acknowledged that “Hodgkin’s disease is
radiosensitive and locally radiocurable,” but he was con-
cerned about treatment-related toxicity, particularly in chil-

dren. He wrote, “Since patients with Hodgkin’s disease are
frequently young and may be expected to survive for many
years, irradiation should be conducted over a reasonably
long period of time to minimize the untoward effects of
radiation over the irradiated normal structures” (3). He
warned that “Irradiation, even in moderate doses, is fraught
with definite hazards in the irradiation of normal structures,
such as the lung, spinal cord, heart, and pericardium” (3).
Dr. del Regato advocated a conservative approach. He
taught that cure of Hodgkin’s disease was indeed a possi-
bility, but acknowledged that cure was difficult to define. In
his 1970 text, he quoted Vera Peters’ data of 1966 in which
she reported, “The median survival of all cases with
Hodgkin’s disease is 34 months” (4). Dr. del Regato em-
phasized that adequate radiotherapy often results in long
survival times, and that, “At least one patient out of every
four may live in comfort for 25 years.” (3) Many of his
students and readers of this 1970 text wondered if
Hodgkin’s disease really was curable.

This historical perspective is particularly valuable when
one acknowledges the revolutionary progress made in pe-
diatric Hodgkin’s disease since del Regato’s earliest writ-
ings. Its usefulness is especially obvious when one imagines
what we may foresee in the future for children with
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Hodgkin’s disease—beyond the status we understand to-
day.

LEARNING FROM THE PAST

Changes in the management and treatment of Hodgkin’s
disease during the past three decades have come in a step-
wise progression. In the 1960s, radiotherapy alone was the
sole treatment for children with Hodgkin’s disease. It re-
quired surgical staging and high doses of radiation in the
range of 35–44 Gy. By the late 1960s, chemotherapy, using
mechlorethamine, vincristine, procarbazine, and prednisone
(MOPP) (5), was developed and ultimately newer combi-
nations of drugs were used. During this pioneering time, a
focus began on the late effects of treatment, such as the soft
tissue and bone growth problems associated with high doses
of radiation (6), which were particularly pronounced in
young children.

The recognition of late effects from high-dose extended
field radiation ushered in a new experience using chemo-
therapy alone. The first report using chemotherapy alone,
six cycles of MOPP, came from Uganda, where no radiation
therapy facilities were available (7). The Australian, Cape
Town, and Dutch colleagues (8–10) gave 6–12 cycles of
chemotherapy for favorable patients with nonbulky disease
and/or used supplemental radiation for bulky disease. These
limited experiences comprised relatively small numbers of
patients, and the reports revealed 5-year survival rates in the

range of 90% for early-stage patients, but 5-year disease-
free survival rates of only 40–55% for those with advanced-
stage disease. These experiences pointed to the need for
conducting prospective randomized trials and the value of
combined-modality therapy.

The novel approach of using less-than-standard doses of
radiation and experimental MOPP chemotherapy in children
paved the way for a broad interest in combined-modality
therapy for children (11). This approach of a reduced radi-
ation dose and field size combined with a reduced number
of cycles and reduced duration of chemotherapy using less
toxic agents offered the opportunity for cure without the late
effects observed after high-dose radiation alone or multiple
cycles of aggressive chemotherapy. The experiences from
Stanford revealed a relapse-free survival rate at 20 years of
85% after 15, 20, or 25 Gy and six cycles of MOPP in
surgically staged children (12). Thereafter, the Toronto in-
vestigators extended this approach to clinically staged chil-
dren and reported a 10-year relapse-free survival rate of
80% with 20–30 Gy and six cycles of MOPP (13). Soon the
combined modality approach was advanced further by the
Intergroup Hodgkin’s Disease Study to the use of involved
field radiation and MOPP chemotherapy, which revealed a
disease-free survival rate of 90% for children with surgical
Stage I–II disease (14). This enthusiasm led the French and
Italian investigators to use chemotherapy and radiation in
doses of 20–25 Gy; the German collaborators used 35, 30,
or 25 Gy and two, four, or six cycles of chemotherapy in a
risk-adapted approach. All reported disease-free survival
rates between 80% and 95% (15–18).

When reports of male infertility and myelogenous leuke-
mia attributed to alkylating agent chemotherapy were re-
ported (19–22), oncologists were quick to substitute the
doxorubicin, bleomycin, vinblastine, and dacarbazine
(ABVD) combination (23) in addition to, or in place of,
MOPP, as non–cross-resistant drug therapy to be used with
low-dose involved-field radiotherapy.

The Stanford investigators reported an overall survival
rate of 96% and a freedom from relapse rate of 92% with
15–25 Gy and six cycles of ABVD/MOPP (24). Similarly,
the International Society of Pediatric Oncology investiga-
tors showed the equivalence of four cycles of MOPP and
two cycles of MOPP/two cycles of ABVD when used with
20–40 Gy (15). The Italian National Study then used three
cycles of ABVD and 20–25 Gy for Stage I–IIA nonbulky
disease, and the Milan Pediatric Group investigated three
vs. six cycles of ABVD with 25 Gy for children with Stage
I–III disease (16). Although optimistic disease-free survival
and overall survival data were reported, gradually the dose-
related risks of pulmonary and cardiac injury associated
with bleomycin and doxorubicin in the ABVD combination
became a concern (24–27).

The commitment to combined modality therapy using
low-dose radiotherapy and chemotherapy then required a
search for nontoxic chemotherapy, equally as effective as
MOPP and ABVD, but with fewer subacute and chronic
sequelae. The German Pediatric Oncology Group had ex-

Fig. 1. Juan Angel del Regato, M.D., 1909–1999. From Int J
Radiat Oncol Biol Phys 1999;45:1, with permission.
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cellent results with their combination of vincristine, procar-
bazine, prednisone, and doxorubicin/cyclophosphamide,
vincristine, procarbazine, and prednisone (OPPA/COPP),
with disease-free survival rates of 98–86% (17). However,
when they attempted to omit procarbazine, using an OPA
rather than OPPA combination, and substituted methotrex-
ate, using a COMP rather than a COPP combination, they
observed poorer disease-free survival rates of 85–49% (28).
The German investigators then substituted etoposide (VP-
16) as OEPA in their next study (29), and the French
combined vinblastine, bleomycin, etoposide, and pred-
nisone (VBVP) with or without OPPA for early-stage dis-
ease (30). In the United States, the Stanford, Dana Farber,
and St. Jude investigators tried vinblastine, etoposide, pred-
nisone, and doxorubicin (VEPA) for children with unfavor-
able and advanced-stage disease (31). The German OEPA
with radiation combination for Stage I–IV gave a 95–84%
5-year event-free survival (EFS) rate, and the French ob-
served a 78–91% 5-year EFS rate using VBVP with or
without OPPA with 20-Gy radiation. The Stanford investi-
gators discontinued their VEPA and radiation study when
the 2-year EFS was only 60% (31). It appeared that etopo-
side might be useful as combined-modality therapy for
early-stage, but not advanced-stage, disease.

The reality of cure and the concerns over late effects
demanded prospective randomized trials to investigate com-
bined-modality therapy vs. chemotherapy alone in clinically
staged children. There have been two important American
studies. The Pediatric Oncology Group 8725 trial of 183
children with advanced-stage Hodgkin’s disease used eight
cycles of alternating MOPP/ABVD with or without 21-Gy
total lymphoid irradiation (32). Although no difference in
5-year EFS was found when analyzed by an intent to treat,
the EFS rate at 5 years of 79–80% was inferior to that
reported by others, and the study was criticized for problems
in design, analysis, and reporting (33). When the data were
analyzed by the treatment actually delivered, an EFS ad-
vantage was found for children receiving the combined-
modality therapy, and the Pediatric Oncology Group inves-
tigators continued to use combined-modality therapy in
their next study (34). Similarly, the Children’s Cancer
Group 5942 trial enrolled 829 children and used risk-
adapted chemotherapy with COPP/ABV for Stage I-III pa-
tients, adding cytarabine/etoposide for Stage IV patients
(35). Children achieving a complete response to chemother-
apy were then randomized to receive, or not receive, 21 Gy
of radiation. This randomized study was stopped early,
when the 3-year EFS was significantly better for the group
randomized to the combined-modality therapy. The differ-
ences observed were apparent for each individual risk
group, as well as for the group as a whole. The improve-
ments favoring the irradiated children were even more im-
pressive when the data were analyzed by the treatment
actually delivered. Thus, these American randomized stud-
ies continue to support the value of combined-modality
therapy using low-dose radiation and multiagent chemother-
apy to give the best outcome.

LEARNING IN THE PRESENT

The multi-institutional, multinational commitment to
combined-modality therapy in children with Hodgkin’s dis-
ease has ushered in a new wave of studies based on clinical
staging only that are risk-adapted and that separate the
patients with early-stage, favorable disease from those with
advanced and unfavorable disease. The Stanford/Dana Far-
ber/St. Jude collaborators began an early-stage, favorable
protocol for children with clinical Stage I–II nonbulky dis-
ease using four cycles of VAMP and 15–25.5-Gy involved-
field radiation. The reports of this study revealed freedom-
from-relapse data in excess of 90% and were noteworthy
because of the lack of toxicity and the excellent quality of
life using this approach (36). Patients with advanced-stage
and less favorable bulky Stage II, Stage III, and Stage IV
disease received six cycles of VAMP/COP and 15–25.5-Gy
involved-field radiation. The results have continued to show
high overall survival, but the preliminary failure-free sur-
vival have not been as high as hoped. The final analyses are
under way and will be reported separately.

The definitions of risk groups vary from study to study, as
the prognostic indicators change. The Stanford/Dana Far-
ber/St. Jude investigators refined their risk-adapted proto-
cols to use three risk groups: favorable, intermediate, and
unfavorable. The eligibility for the favorable risk groups
requires clinical Stage I-IIA disease with a mediastinal mass
ratio of �1/3 and �3 nodal regions of involvement. Inter-
mediate risk includes Stage I–IIA disease with a mediastinal
mass ratio �1/3, extranodal “E” lesions, �3 involved nodal
regions, and/or Stage IIIA disease. High risk is reserved for
those with Stage IIB, IIIB, or IV disease. These studies are
currently under way. The American, German-Austrian, and
European cooperative groups have used slightly different
definitions of risk groups, thus making comparisons across
studies difficult.

This ongoing progress in pediatric Hodgkin’s disease has
brought forth a 19% increase in the cure rate from 1969 to
the present (Fig. 2). Surveillance, Epidemiology, and End
Results Program data now report a 94% 5-year relative
survival rate in Hodgkin’s disease for American children,
�14 years old, the highest survival of all childhood cancers
(37).

LEARNING IN THE FUTURE

Considering the extraordinary progress made during the
past 30 years in pediatric Hodgkin’s disease, one might
question how it could be possible to build on this momen-
tum and cure more children with even less toxicity. Several
areas, however, hold promise for future advances.

Pathology and biology studies
The old Rye pathology classification has now been re-

placed by a new World Health Organization classification
(38) that recognizes Hodgkin’s disease as a lymphoma and
separates nodular-lymphocyte predominant Hodgkin’s dis-
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ease from classic Hodgkin’s disease. The older form of
Hodgkin’s disease previously thought to be lymphocyte
predominant is now designated lymphocyte-rich, nodular or
diffuse, within the category of classic Hodgkin’s disease;
the other categories of nodular sclerosis, mixed cellularity,
and lymphocyte depletion remain unchanged.

Immunophenotyping studies are important in making the
diagnosis and are now considered the standard of care
(Table 1) (39). CD45 may be the most useful marker in the
immunodiagnosis of Hodgkin’s disease, because it is a
negative marker, expressed in only 7% of classic Hodgkin’s
disease cases, but positive in a high proportion of B- and
T-cell lymphomas. The CD15 and CD30 cluster of antibod-
ies is present in 87–89% of classic Hodgkin’s disease. The
CD20 cluster detects mature B-cell antigens, such as seen in
B-cell lymphoma and nodular-lymphocyte predominant
Hodgkin’s disease. Additional markers, such as antibodies
against Epstein-Barr virus, latent membrane protein, CD40,
CD3, epithelial membrane antigen, and other B- and T-cell
markers, may also be helpful. Both morphologic and bio-
logic criteria must be used to distinguish classic Hodgkin’s
disease from anaplastic large cell and peripheral T-cell
lymphoma. Furthermore, classic Hodgkin’s disease must be

differentiated from both low-grade and large B-cell lym-
phoma, as well as from T-cell–rich B-cell lymphoma and
nodular-lymphocyte predominant Hodgkin’s disease. Cur-
rent management today dictates differing treatment for chil-
dren with Hodgkin’s disease and those with non-Hodgkin’s
lymphoma and other diseases with which Hodgkin’s disease
may be confused.

Staging
More accurate and less invasive staging techniques are

commonly used in the treatment of children. Bulky nodal
disease and the number of involved sites have been shown
to be important prognostic factors (40). When using com-
bined-modality therapy, staging laparotomy is seldom
needed. In addition, although the lymphogram has been
shown to have greater sensitivity than CT for evaluating
retroperitoneal lymph nodes (41), the lymphogram is an
invasive test that requires special expertise to perform and
interpret and is routinely used only in a few pediatric centers
today. CT of the chest, abdomen, and pelvis is now consid-
ered routine. 67Ga is useful in the evaluation of supradia-
phragmatic Hodgkin’s disease, particularly in terms of as-
sessing residual disease after therapy (42). Positron-

Fig. 2. Pediatric Hodgkin’s disease, Surveillance, Epidemiology, and End Results Program 5-year relative survival data.
Modified from Greenlee et al. (37), with permission.

Table 1. Immunophenotyping studies in lymphoma

CD45 (%) CD15 (%) CD30 (%) CD20 (%)

Classic Hodgkin’s disease 7 87 89 24
Nodular lymphocyte-predominant

Hodgkin’s disease 65 37 38 92
B-cell lymphoma 97 4 18 94
T-cell lymphoma 89 21 42 0

Modified from Weiss et al. (39), with permission.
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emission tomography (PET) using 18F-fluorodeoxyglucose
(FDG) is currently under investigation as a diagnostic and
monitoring tool for Hodgkin’s disease. FDG-PET has been
studied most commonly in adults, and the studies evaluating
the role of FDG imaging have included both Hodgkin’s
disease and non-Hodgkin’s lymphoma together (43, 44). In
most series, FDG-PET has been shown to be superior in
both sensitivity and specificity to conventional imaging by
CT scanning, sometimes supplemented with gallium and
MRI (45, 46). Persistent accumulation of FDG in a residual
mass after treatment for lymphoma correlates with an 80–
95% incidence of relapse or local recurrence (47, 48). In
difficult cases in which residual masses persist after treat-
ment, FDG-PET can separate patients who fall into a bad
prognostic group, with residual active disease and a high
incidence of relapse, from those in a good prognostic group,
with a negative FDG scan and a much lower risk of recur-
rence. However, as many as 20% of adults treated for
lymphoma who have residual masses and negative FDG
scans eventually have a relapse (48, 49). Although, to date,
no studies of FDG-PET have been done exclusively in
children with Hodgkin’s disease, we can look to the future,
when FDG-PET will be used and studied systematically in
the staging of children with Hodgkin’s disease.

Defining risk groups
The challenge in refining therapy is to define precise risk

groups to be able to prescribe appropriate risk-adapted
therapy. A major goal today is to identify the disease
characteristics associated with inferior EFS to intensify the
treatment for patients with aggressive disease and to mini-
mize the treatment and toxicity for the others. In a retro-
spective review, Smith et al. (50) analyzed 320 consecutive
children and adolescents with Hodgkin’s disease treated on
combined-modality protocols during a 10-year period, with
a median follow-up of 4.4 years. Factors prognostic for
disease-free and overall survival were identified and a prog-
nostic index developed on the basis of the following prog-
nostic factors: age, gender, stage, histologic features, pres-
ence of B symptoms, erythrocyte sedimentation rate, initial
white blood cell and hemoglobin levels, presence of bulky
disease, and/or extranodal lesions (50). Factors associated
with a consistently poor 5-year disease-free survival rate
ranging from 69% to 79% were Stage IV, histologic features
of nodular sclerosing Hodgkin’s disease, B symptoms, ele-
vated erythrocyte sedimentation rate, elevated white blood
count, low hemoglobin, bulky mediastinal disease, and
presence of extranodal disease. In multivariate analysis,
male gender, advanced Stage IIB, IIIB, or IV disease, ele-
vated white blood count, and low hemoglobin were associ-
ated with an elevated relative risk and poor disease-free
survival. The presence of three or more of these prognostic
factors was associated with a 5-year disease-free survival
and overall survival rate of 63% and 77%, respectively.
However, if the patient has none or only one of these
factors, a 5-year disease-free survival and overall survival
rate of 94% and 96%, respectively, can be expected. Two

factors yielded an intermediate-risk group with a 5-year
disease-free and overall survival rate of 71% and 95%,
respectively. This prognostic index may be useful in divid-
ing patients into even more refined risk groups for subse-
quent studies to better tailor therapy and improve outcome
for unfavorable risk children, and lessen the toxicity for the
others.

Bone marrow and stem cell transplantation in
Hodgkin’s disease

The successful definition of risk groups can help define
children who are candidates for bone marrow and stem cell
transplantation. Currently, autologous peripheral stem cell
and bone marrow transplantation is used for children who
have a relapse after initial combined-modality therapy,
those with multiple relapses, and those with an inadequate
response to initial therapy. Several studies have shown
survival rates ranging from 30% to 65% in children with
relapsed Hodgkin’s disease treated with myeloablative ther-
apy followed by hematopoietic stem cell transplantation
(51–53).

However, pulmonary toxicity, manifesting as nonbacte-
rial, nonfungal, interstitial pneumonia, occurs in approxi-
mately 15% and diffuse alveolar hemorrhage occurs in 20%
of children who undergo high-dose therapy; transplant-
associated mortality occurs in approximately 10% (51, 53,
54). Although the diffuse pulmonary toxicity after myeloa-
blative therapy and stem cell transplantation has been
ascribed to thoracic irradiation or chemotherapy with bleo-
mycin, bischloroethylnitrosourea (carmustine), or cyclo-
hexylchloroethylnitrosurea (lomustine), Frankovich et al.
(53) have demonstrated that a history of atopy (allergic
rhinitis or asthma) is a significant predictor of subsequent
pulmonary toxicity, manifesting as acute alveolitis, diffuse
alveolar hemorrhage, acute respiratory distress syndrome,
delayed interstitial pneumonitis, or bronchiolitis obliterans.
These authors also reported a 44% incidence (15 of 34
patients) of idiopathic diffuse pulmonary toxicity after au-
tologous transplantation among children, with an 80% inci-
dence among those with an atopic history compared with
20% among those without an atopic history (Fig. 3). They
noted that Reed-Sternberg cells of Hodgkin’s disease pro-
duce interleukin (IL-13 and IL-5), which is important in the
trafficking of inflammatory cells to the lung in Hodgkin’s
disease and believed that children with an atopic history
have increased susceptibility to the development of inflam-
matory lung disease. This theory suggests that the absence
of a history of atopy may be important in the selection of
pediatric patients with Hodgkin’s disease who are candi-
dates for myeloablative therapy and stem cell/bone marrow
reconstitution (53).

Novel therapies
Hodgkin’s disease is responsive to many agents, making

new drugs, immunotherapies, vaccines, and monoclonal
antibodies all possible novel therapies. One interesting new
agent for select patients with Hodgkin’s disease is the
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anti-CD20 antibody, rituximab. Approximately 10 –15%
of pediatric Hodgkin’s disease patients have the lympho-
cyte predominant Hodgkin’s disease subtype, with
CD20� malignant cells. The collaborative experience of
37 children with lymphocyte predominant Hodgkin’s dis-
ease histologic features from Stanford, Dana Farber, and
St. Jude revealed a 10-year overall survival rate of 100%
and freedom-from-relapse rate of 97% using standard
therapy (Fig. 4). Because these children have an excellent
outcome and because current therapy may carry risks of

long-term toxicity, a new agent with few adverse effects
could hold additional promise for them. A Phase II trial
using rituximab in 21 adults (19 assessable for response),
with median follow-up of 12 months, revealed that all
patients responded to treatment, with similar response
rates among untreated and previously treated patients
(55). The median time to progression was 10 months, and
retreatment was also effective. No Grade III or IV tox-
icity occurred. These preliminary data suggest that ritux-
imab is active and that a clinical trial testing efficacy and

Fig. 3. Incidence of idiopathic diffuse pulmonary toxicity after myeloablative therapy and autologous hematopoietic
stem cell transplantation among 34 children with relapsed Hodgkin’s disease. Those with a prior history of atopy had
an 80% incidence of pulmonary toxicity; the incidence was 20% for those without a history of atopy. Modified from
Frankovich et al. (53), with permission.

Fig. 4. Actuarial overall survival (OS) and freedom from relapse (FFR) rates among 37 children with lymphocyte-
predominant Hodgkin’s disease.
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toxicity should be undertaken in children with CD20�
lymphocyte-predominant Hodgkin’s disease. Thus, this
agent, or another novel therapy, may take another sub-
group of patients closer to our ultimate goal of cure
without toxicity for children with Hodgkin’s disease.

Juan A. del Regato recognized the challenges associated

with the treatment of children with Hodgkin’s disease. He
questioned cure; he questioned treatment without late ef-
fects. He posed the scientific inquiries that frame the treat-
ment in children today and that have brought about cure to
so many. We are indebted to this influential clinician, edu-
cator, and leader.

REFERENCES

1. Moss WT. Tribute—Juan Angel del Regato, M.D. Int J Radiat
Oncol Biol Phys 1999;45:1.

2. Cox JD. Tribute—Juan Angel del Regato, M.D. Int J Radiat
Oncol Biol Phys 1999;45:3–4.

3. Ackerman LV, del Regato JA. Hodgkin’s disease. In: Acker-
man LV, del Regato JA, editors. Cancer. Diagnosis, treatment,
and prognosis. 4th ed. St. Louis: CV Mosby; 1970. p. 978–
1002.

4. Peters MV, Alison RE, Bush RS. Natural history of Hodgkin’s
disease as related to staging. Cancer 1966;19:308–316.

5. Devita VT Jr, Serpick AA, Carbone PP. Combination chemo-
therapy in the treatment of advanced Hodgkin’s disease. Ann
Intern Med 1970;73:881–895.

6. Willman KY, Cox RS, Donaldson SS. Radiation induced
height impairment in pediatric Hodgkin’s disease. Int J Radiat
Oncol Biol Phys 1994;28:85–92.

7. Olweny CL, Katongole-Mbidde E, Kiire C, et al. Childhood
Hodgkin’s disease in Uganda: A ten year experience. Cancer
1978;42:787–792.

8. Ekert H, Waters KD, Smith PJ, et al. Treatment with MOPP
or ChlVPP chemotherapy only for all stages of childhood
Hodgkin’s disease. J Clin Oncol 1988;6:1845–1850.

9. Jacobs P, King HS, Karabus C, et al. Hodgkin’s disease in
children: A ten-year experience in South Africa. Cancer 1984;
53:210–213.

10. Behrendt H, Van Bunningen BN, Van Leeuwen EF. Treat-
ment of Hodgkin’s disease in children with or without radio-
therapy. Cancer 1987;59:1870–1873.

11. Donaldson SS. Pediatric Hodgkin’s disease: Focus on the
future. In: Van Eys J, Sulllivan MP, editors. Status of the
curability of childhood cancers. New York: Raven Press;
1980. p. 235–249.

12. Donaldson SS, Link MP. Combined modality treatment with
low-dose radiation and MOPP chemotherapy for children with
Hodgkin’s disease. J Clin Oncol 1987;5:742–749.

13. Jenkin D, Doyle J, Berry M, et al. Hodgkin’s disease in
children: Treatment with MOPP and low-dose, extended field
irradiation without laparotomy—Late results and toxicity.
Med Pediatr Oncol 1990;18:265–272.

14. Gehan EA, Sullivan MP, Fuller LM, et al. The intergroup
Hodgkin’s disease in children: A study of stages I and II.
Cancer 1990;65:1429–1437.

15. Oberlin O, Leverger G, Pacquement H, et al. Low-dose radi-
ation therapy, and reduced chemotherapy in childhood
Hodgkin’s disease: The experience of the French Society of
Pediatric Oncology. J Clin Oncol 1992;10:1602–1608.

16. Vecchi V, Pileri S, Burnelli R, et al. Treatment of pediatric
Hodgkin disease tailored to stage, mediastinal mass, and age:
An Italian (AIEOP) multicenter study on 215 patients. Cancer
1993;72:2049–2057.

17. Schellong G, Bramswig JH, Hornig-Franz I. Treatment of
children with Hodgkin’s disease—Results of the German Pe-
diatric Oncology Group. Ann Oncol 1992;3:73–76.

18. Schellong G. Treatment of children and adolescents with
Hodgkin’s disease: The experience of the German-Austrian
Paediatric Study Group. Baillieres Clin Haematol 1996;9:
619–634.

19. Bramswig JH, Heimes U, Heiermann E, et al. The effects of
different cumulative doses of chemotherapy on testicular func-
tion: Results in 75 patients treated for Hodgkin’s disease
during childhood or adolescence. Cancer 1990;65:1298–
1302.

20. Viviani S, Santoro A, Ragni G, et al. Gonadal toxicity after
combination chemotherapy for Hodgkin’s disease: Compara-
tive results of MOPP vs ABVD. Eur J Cancer Clin Oncol
1985;21:601–605.

21. Bhatia S, Robison LL, Oberlin O, et al. Breast cancer and
other second neoplasms after childhood Hodgkin’s disease.
N Engl J Med 1996;334:745–751.

22. Tucker MA, Coleman CN, Cox RS, et al. Risk of second
cancers after treatment for Hodgkin’s disease. N Engl J Med
1988;318:76–81.

23. Bonadonna G, Zucali R, Monfardini S, et al. Combination
chemotherapy of Hodgkin’s disease with adriamycin, bleomy-
cin, vinblastine, and imidazole carboxamide versus MOPP.
Cancer 1975;36:252–259.

24. Hunger SP, Link MP, Donaldson SS. ABVD/MOPP and low-
dose involved-field radiotherapy in pediatric Hodgkin’s dis-
ease: The Stanford experience. J Clin Oncol 1994;12:2160–
2166.

25. Mefferd JM, Donaldson SS, Link MP. Pediatric Hodgkin’s
disease: Pulmonary, cardiac, and thyroid function following
combined modality therapy. Int J Radiat Oncol Biol Phys
1989;16:679–685.

26. Kadota RP, Burgert EO Jr, Driscoll DJ, et al. Cardiopulmo-
nary function in long-term survivors of childhood Hodgkin’s
lymphoma: A pilot study. Mayo Clin Proc 1988;63:362–367.

27. Hudson MM, Greenwald C, Thompson E, et al. Efficacy and
toxicity of multiagent chemotherapy and low-dose involved-
field radiotherapy in children and adolescents with Hodgkin’s
disease. J Clin Oncol 1993;11:100–108.

28. Schellong G, The balance between cure and late effects in
childhood Hodgkin’s lymphoma: The experience of the Ger-
man-Austrian Study-Group since 1978. German-Austrian Pe-
diatric Hodgkin’s Disease Study Group. Ann Oncol 1996;
7(Suppl. 4):67–72.

29. Schellong G, Potter R, Bramswig J, et al., High cure rates and
reduced long-term toxicity in pediatric Hodgkin’s disease: The
German-Austrian multicenter trial DAL-HD-90. The German-
Austrian Pediatric Hodgkin’s Disease Study Group. J Clin
Oncol 1999;17:3736–3744.

30. Landman-Parker J, Pacquement H, Leblanc T, et al. Localized
childhood Hodgkin’s disease: Response-adapted chemother-
apy with etoposide, bleomycin, vinblastine, and prednisone
before low-dose radiation therapy—Results of the French
Society of Pediatric Oncology Study MDH90. J Clin Oncol
2000;18:1500–1507.

31. Link MP, Hudson MM, Donaldson SS. Treatment of children
with unfavorable and advanced stage Hodgkin’s disease with
vinblastine, etoposide, prednisone, and adriamycin (VEPA)
and low-dose, involved field irradiation [Abstract]. Proc Am
Soc Clin Oncol 1994;13:392.

32. Weiner MA, Leventhal B, Brecher ML, et al. Randomized
study of intensive MOPP-ABVD with or without low-dose

7Pediatric Hodgkin’s disease ● S. S. DONALDSON



total-nodal radiation therapy in the treatment of stages IIB,
IIIA2, IIIB, and IV Hodgkin’s disease in pediatric patients: A
Pediatric Oncology Group study. J Clin Oncol 1997;15:2769–
2779.

33. Donaldson SS, Lamborn KR. Radiation in pediatric
Hodgkin’s disease. J Clin Oncol 1998;16:391–392.

34. Marcus RB, Weiner MA, Chauvenet AR. In reply to editorial:
Radiation in pediatric Hodgkin’s Disease [Letter]. J Clin
Oncol 1998;16:392.

35. Nachman J, Sposto R, Herzog P, et al. Randomized compar-
ison of low-dose involved-field radiotherapy and no radiother-
apy for children with Hodgkin’s disease who achieve a com-
plete response to chemotherapy J Clin Oncol. In press.

36. Donaldson SS, Hudson MM, Lamborn KR, et al. VAMP, and
low-dose involved field radiation for children and adolescents
with favorable, early-stage Hodgkin’s disease: Results of a
prospective clinical trial. J Clin Oncol. In press.

37. Greenlee RT, Hill-Harmon M, Murray T, et al. Cancer statis-
tics, 2001. CA Cancer J Clin 2001;51:15–36.

38. Jaffe ES, Harris NL, Stein H, et al. Pathology, and genetics of
tumours of haematopoietic and lymphoid tissues. In: Kleihues
P, Sobin LH, editors. World Health Organization classification
of tumours. Lyon: IARC Press; 2001. p. 75–117.

39. Weiss LM, Chan JKC, MacLennan K, et al. Pathology of
classical Hodgkin’s disease. In: Mauch PM, Armitage JO,
Diehl V, et al., editors. Hodgkin’s disease. Philadelphia: Lip-
pincott Williams & Wilkins; 1999. p. 101–120.

40. Hasenclever D, Diehl V, for the International Prognostic Fac-
tors Project on Advanced Hodgkin’s Disease. A prognostic
score for advanced Hodgkin’s disease. N Engl J Med 1998;
339:1506–1514.

41. Baker LL, Parker BR, Donaldson SS, et al. Staging of
Hodgkin disease in children: Comparison of CT and lympho-
graphy with laparotomy. AJR Am J Roentgenol 1990;154:
1251–1255.

42. Weiner M, Leventhal B, Cantor A, et al. Gallium-67 scans as
an adjunct to computed tomography scans for the assessment
of a residual mediastinal mass in pediatric patients with
Hodgkin’s disease: A Pediatric Oncology Group study. Can-
cer 1991;68:2478–2480.

43. Gambhir SS, Czernin J, Schwimmer J, et al. A tabulated
summary of the FDG PET literature. J Nucl Med 2001;42:1S–
93S.

44. Delbeke D. Oncological applications of FDG PET imaging:
Brain tumors, colorectal cancer, lymphoma and melanoma.
J Nucl Med 1999;40:591–603.

45. Buchmann I, Reinhardt M, Elsner K, et al. 2-(fluorine-
18)fluoro-2-deoxy-d-glucose positron emission tomography in
the detection and staging of malignant lymphoma: A bicenter
trial. Cancer 2001;91:889–899.

46. Jerusalem G, Beguin Y, Fassotte MF, et al. Whole-body
positron emission tomography using 18F-fluorodeoxyglucose
compared to standard procedures for staging patients with
Hodgkin’s disease. Haematologica 2001;86:266–273.

47. Jerusalem G, Beguin Y, Fassotte MF, et al. Whole-body
positron emission tomography using 18F-fluorodeoxyglucose
for posttreatment evaluation in Hodgkin’s disease and non-
Hodgkin’s lymphoma has higher diagnostic and prognostic
value than classical computed tomography scan imaging.
Blood 1999;94:429–433.

48. de Wit M, Bumann D, Beyer W, et al. Whole-body positron
emission tomography (PET) for diagnosis of residual mass in
patients with lymphoma. Ann Oncol 1997;8(Suppl. 1):57–60.

49. Mikhaeel NG, Timothy AR, O’Doherty MJ, et al. 18-FDG-
PET as a prognostic indicator in the treatment of aggressive
non-Hodgkin’s lymphoma—Comparison with CT. Leuk Lym-
phoma 2000;39:543–553.

50. Smith RS, Chen Q, Hudson M, et al. Prognostic factors in
pediatric Hodgkin’s disease [Abstract]. Int J Radiat Oncol
Biol Phys 2001;19:119.

51. Baker KS, Gordon BG, Gross TG, et al. Autologous hemato-
poietic stem-cell transplantation for relapsed or refractory
Hodgkin’s disease in children and adolescents. J Clin Oncol
1999;17:825–831.

52. Williams CD, Goldstone AH, Pearce R, et al. Autologous
bone marrow transplantation for pediatric Hodgkin’s disease:
A case-matched comparison with adult patients by the Euro-
pean Bone Marrow Transplant Group Lymphoma Registry.
J Clin Oncol 1993;11:2243–2249.

53. Frankovich J, Donaldson SS, Lee Y, et al. High-dose therapy,
and autologous hematopoietic cell transplantation in children
with primary refractory and relapsed Hodgkin’s disease:
Atopy predicts idiopathic diffuse lung injury syndromes. Biol
Blood Marrow Transplant 2001;7:49–57.

54. Desch CE, Lasala MR, Smith TJ, et al. The optimal timing of
autologous bone marrow transplantation in Hodgkin’s disease
patients after a chemotherapy relapse. J Clin Oncol 1992;10:
200–209.

55. Ekstrand BC, Lucas JB, Horwitz SM, et al. Rituximab (R) in
lymphocyte predominant Hodgkin’s disease (LPHD): Results
of a phase II trial [Abstract]. Proc Am Soc Clin Oncol 2002;
21:264a.

8 I. J. Radiation Oncology ● Biology ● Physics Volume 54, Number 1, 2002


