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CURRENTLY MORE THAN 90% OF

children with favorable-risk
Hodgkin lymphoma will
achieve long-term survival.

However, studies demonstrate excess
mortality among patients followed up
beyond 10 years from their Hodgkin
lymphoma diagnosis as a result of late
toxic effects of therapy,1,2 including the
development of second malignant neo-
plasms and nonneoplastic treatment
complications.3 Risk-adapted com-
bined-modality therapy (combined che-
motherapy and radiotherapy accord-
ing to predetermined risk stratification)
has therefore been tailored to mini-

mize therapy while maintaining excel-
lent outcome.4-8 Response-adapted
therapies (tailored according to earlyFor editorial comment see p 2639.
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Context More than 90% of children with favorable-risk Hodgkin lymphoma can achieve
long-term survival, yet many will experience toxic effects from radiation therapy. Pe-
diatric oncologists strive for maintaining excellent cure rates while minimizing toxic
effects.

Objective To evaluate the efficacy of 4 cycles of vinblastine, Adriamycin (doxorubicin),
methotrexate, andprednisone (VAMP) inpatientswith favorable–riskHodgkin lymphoma
who achieve a complete response after 2 cycles and do not receive radiotherapy.

Design, Setting, and Patients Multi-institutional, unblinded, nonrandomized single
group phase 2 clinical trial to assess the need for radiotherapy based on early re-
sponse to chemotherapy. Eighty-eight eligible patients with Hodgkin lymphoma stage
I and II (�3 nodal sites, no B symptoms, mediastinal bulk, or extranodal extension)
enrolled between March 3, 2000, and December 9, 2008. Follow-up data are current
to March 12, 2012.

Interventions The 47 patients who achieved a complete response after 2 cycles re-
ceived no radiotherapy, and the 41 with less than a complete response were given
25.5 Gy-involved-field radiotherapy.

Main Outcome Measures Two-year event-free survival was the primary out-
come measure. A 2-year event-free survival of greater than 90% was desired, and
80% was considered to be unacceptably low.

Results Two-year event-free survival was 90.8% (95% CI, 84.7% - 96.9%). For
patients who did not require radiotherapy, it was 89.4% (95% CI, 80.8%-98.0%)
compared with 92.5% (95% CI, 84.5%-100%) for those who did (P=.61). Most com-
mon acute adverse effects were neuropathic pain (2% of patients), nausea or vom-
iting (3% of patients), neutropenia (32% of cycles), and febrile neutropenia (2% of
patients). Nine patients (10%) were hospitalized 11 times (3% of cycles) for febrile
neutropenia or nonneutropenic infection. Long-term adverse effects after radio-
therapy were asymptomatic compensated hypothyroidism in 9 patients (10%), os-
teonecrosis and moderate osteopenia in 2 patients each (2%), subclinical pulmonary
dysfunction in 12 patients (14%), and asymptomatic left ventricular dysfunction in 4
patients (5%). No second malignant neoplasms were observed.

Conclusions Among patients with favorable−risk Hodgkin lymphoma and a com-
plete early response to chemotherapy, the use of limited radiotherapy resulted in a
high rate of 2-year event-free survival.

Trial Registration clinicaltrials.gov Identifier: NCT00145600
JAMA. 2012;307(24):2609-2616 www.jama.com
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initial response) aim to identify pa-
tients for whom it would be safe to re-
duce radiation therapy dose, volume,
or both.4,6,9,10

We previously reported the results of
treatment with 4 cycles of vinblastine,
Adriamycin (doxorubicin), methotrex-
ate, and prednisone (VAMP) chemo-
therapy and low-dose, involved field ra-
diotherapy,6,11 andwe identifiedagroup
of patients with a favorable profile in-
cluding early complete response to
VAMPchemotherapywhomightbecur-
ablewithout irradiation.Wenowreport
the results of a multi-institutional, non-
randomized study testing the efficacy of
VAMP with or without radiotherapy
basedonearlyresponsetochemotherapy
for children with favorable−risk Hodg-
kin lymphoma. Evaluation of quality of
lifeduringandafter treatmentwasa sec-
ondary objective and will be reported in
a forthcoming manuscript.

METHODS
Study Population
and Eligibility Criteria

This trial was open to accrual from
March 2, 2000, through February 10,
2009. There were no competing trials
open at participating institutions dur-
ing the study period and no eligible pa-
tient chose not to participate. The study
was designed to assess whether a 2-year
event-free survival of more than 90%
could be maintained in children with
Hodgkin lymphoma and favorable-
risk features treated with 4 cycles of
VAMP with or without radiotherapy ac-
cording to their early response after 2
cycles. Eligibility criteria included age
younger than 21 years, previously un-
treated Hodgkin lymphoma, Ann Ar-
bor stage12 IA or IIA, nonbulky medi-
astinal mass (ratio of the size of the mass
compared with the widest intratho-
racic diameter measured on an up-
right posteroanterior chest radio-
graph, �33%), no extranodal extension
of disease, and fewer than 3 involved
nodal regions.13 Race and ethnicity are
routinely captured on every patient and
defined according to open-ended self-
reported categories. The protocol was
approved by the institutional review

board at each participating institution
and monitored by the St Jude Chil-
dren’s Research Hospital Data and
Safety Monitoring Board. Written in-
formed consent was obtained from par-
ents, legal guardians, or patients, as ap-
propriate.

Staging, Treatment, Early Response
Evaluation, and Follow-up

Initial evaluation included history and
physical examination; complete blood
count, C-reactive protein, or erythro-
cyte sedimentation rate; renal and he-
patic function; lactate dehydrogenase;
alkaline phosphatase; albumin; chest ra-
diograph; contrast-enhanced com-
puted tomography (CT) of neck, chest,
abdomen, and pelvis; and functional
imaging (gallium, later replaced by
[18F]fluoro-2-deoxyglucose positron
emission tomography [PET]). Bone
marrow biopsies were not performed.

Chemotherapy consisted of four 28-
day cycles of VAMP: vinblastine, 6 mg/
m2; doxorubicin, 25 mg/m2; and metho-
trexate 20 mg/m2; administered in-
travenously on days 1 and 15 and oral
prednisone, 40 mg/m2 on days 1 through
14. During therapy patients were evalu-
ated weekly.

Allpatientsunderwentearly response
evaluation by CT scan and functional
imaging of originally involved sites of
disease just before the third cycle of
VAMP. Complete response was defined
as a negative gallium scan or PET scan
and either 75% or more reduction of the
sum of the products of the perpendicu-
lar diameters of the lesions of all mea-
surable or evaluable disease or return of
nodes to their normal size. A partial re-
sponse requiredat least a50%reduction
in the size of the measurable lesions of
the original tumor volume, or gallium
or PET avidity persistence in nodal
masses despite 75% or more reduction
in volume. Less than 50% reduction in
the size of the measurable lesions was
definedasstabledisease, andan increase
of more than 25% of the original tumor
volume or appearance of new areas of
diseaserepresentedprogressivedisease.14

There was no blinding in this study.
Radiotherapy assignment was based on

early response to chemotherapy. Pa-
tients with a complete response at early
response evaluation completed therapy
following the fourth chemotherapy
cycle. Patients who achieved less than
a complete response after 2 cycles re-
ceived 25.5-Gy−involved field radio-
therapy (IFRT) in 17 fractions of 1.5 Gy
beginning 2 to 4 weeks after comple-
tion of all chemotherapy and included
treatment of initially involved nodes
and surrounding nodal region.

Follow-up evaluations included his-
tory and physical examination, chest ra-
diograph, and laboratory examinations
every 3 months during the first year, ev-
ery 4 months during the second and third
year, every 6 months up to 5 years off
therapy and yearly thereafter. PET and
CT scans were performed at 1 and 2 years
off therapy and as clinically indicated.
Ongoing assessments for late treatment
complications include annual evalua-
tions of growth and pubertal develop-
ment; thyroid, pulmonary, and cardiac
function; and pregnancy outcomes. Re-
lapses were confirmed by biopsy. Fol-
lowing relapse, patients are observed for
survival. Retrieval therapy (cytoreduc-
tive chemotherapy, additional radio-
therapy with or without consolidativeau-
tologous stem cell transplant) was not
specified and was administered accord-
ing to investigator preference.

Statistical Methods

The phase 2 study aimed to determine
whether the 2-year event-free survival is
more than 90% or whether there is evi-
dence that the true 2-year event-free sur-
vival is less than 80%. Accrual of 87 pa-
tients was required to test the hypothesis
with a type I error rate of 5% and 80%
power. We also report 5-year outcome
estimates as post hoc analyses.

The 1-sample binomial test was used
to test whether the proportion of pa-
tients who were event-free at 2 years was
significantly different from the unaccept-
ably low rate of 80% and also the de-
sired rate of 90%. Demographic and dis-
ease characteristics were compared
according to early response to therapy
using a 2-tailed Fisher exact test (cat-
egorical variables) or Wilcoxon rank sum
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test (continuous variables).15 Event-
free survival was defined as the time from
study enrollment to the date of treat-
ment failure (relapse or progressive dis-
ease) or date of last follow-up for non-
relapsing patients. Event-free and overall
survival distributions were estimated
using the method of Kaplan-Meier,16 and
reported with 95% confidence inter-
vals. Demographic and disease charac-
teristics were examined as predictors of
event-free survival using Cox propor-
tional hazards regression.17 Each factor
was examined univariately because there
were too few events to include multiple
predictors in a model. The adequacy of
each model was assessed using graphi-
cal and numerical methods derived from
cumulative sums of martingale residu-
als over follow-up times and covariate
values. Early response to therapy
(complete response vs less thancom-
plete response), was treated as a time-
dependent covariate. These analyses
were post hoc and have limited power
due to the small number of events and
should be considered exploratory. SAS
version 9.2 (SAS Institute Inc) was used
for statistical analysis. All reported P val-
ues are 2-sided and considered to be sta-
tistically significant if less than .05.

RESULTS
Forty-four patients (48%) were en-
rolled at St Jude Children’s Research
Hospital, 14 (15%) at Stanford Univer-
sity Medical Center, 19 (21%) at Dana-
Farber Cancer Institute, 13 (14%) at
Massachusetts General Hospital, and 1
(1%) at Maine Medical Center. Of 91
patients enrolled, 3 were ineligible and
not considered in this report. Two of
these patients did not meet criteria for
favorable-risk disease. Pathology re-
view of the third patient failed to con-
firm the diagnosis of Hodgkin lym-
phoma. Thus, 88 patients are the focus
of this report. Fifty-nine patients (67%)
were male; 77 (88%), white; and 7 (8%),
African American. The median age at
diagnosis was 13.9 years (range, 4.4-
20.6 years). Histological subtype re-
vealed classical Hodgkin lymphoma in
56 patients (64%) and nodular lym-
phocyte predominant Hodgkin lym-

phoma in 32 (36%). Thirty-nine pa-
tients (44%) had stage IA, 35 (40%) had
a mediastinal mass, and 13 (15%) had
peripheral bulk disease (�6 cm).

Early Response to Therapy

Forty-seven patients (53%) achieved a
complete response after 2 cycles of
VAMP and finished therapy without
IFRT. Among the 41 (47%) who did not
achieve a complete response (39 par-
tial responses, 2 stable diseases), 39 re-
ceived radiotherapy according to
protocol, 1 withdrew consent for par-
ticipation and received radiotherapy
elsewhere, and 1 had early disease pro-
gression prior to radiotherapy and
received retrieval therapy. Demo-
graphic and disease characteristics ac-
cording to early response to therapy are
listed in TABLE 1. There was no differ-
ence in distribution according to sex,
race, or age. Presence of peripheral bulk

disease did not differ between groups.
Patients with nodular sclerosing Hodg-
kin lymphoma (63%, P� .001), pa-
tients with stage IIA disease (71%,
P=.01) and patients with a mediasti-
nal mass (59%, P=.001) were less likely
to achieve a complete response after 2
cycles of chemotherapy.

Follow-up and Outcome

All but 1 patient were alive at the time
of the analysis. The median follow-up
for survivors was 6.9 years (range, 2.5-
11.4 years) excluding the patient who
withdrew consent prior to radio-
therapy. At the time of analysis (data
current to March 12, 2012), 80% of pa-
tients had been seen or contacted within
the past year, and 91% within the past
18 months. FIGURE 1 shows overall and
event-free survival distributions for the
study cohort. The estimated 2-year
event-free survival is 90.8% (95% CI,

Table 1. Demographic and Disease Characteristics According to Early Response to Therapy

Characteristic

Patients, No. (%)

P
Value

Complete
Response

(n=47)

Less Than
Complete
Response

(n=41)

Sex
Male 35 (74) 24 (59)

.17
Female 12 (26) 17 (41)

Race
White 40 (85) 37 (90)

.53aAfrican American 4 (9) 3 (7)

Asian 2 (4) 0 (0)

Other 1 (2) 1 (2)

Age, median (range), y 13.2 (4.7-20.6) 14.0 (4.4-19.1) .97

Histology
Nodular sclerosing 11 (23) 26 (63)

Mixed cellularity 5 (11) 5 (12)

Lymphocyte rich 2 (4) 1 (2)
�.001b

Classical, not otherwise specified 3 (6) 3 (7)
�.001c

Nodular lymphocyte predominant 26 (55) 6 (15)

Stage
1A 27 (57) 12 (29)

.01
2A 20 (43) 29 (71)

Mediastinal mass
Absent 36 (77) 17 (41)

.001
Present 11 (23) 24 (59)

Bulkd

Absent 43 (91) 32 (78)
.13

Present 4 (9) 9 (22)
aComparison of white vs all other race/ethnicities.
bComparison of nodular sclerosing vs other histologies.
cComparison of lymphocyte predominant vs other histologies.
dPeripheral lymph node disease 6 cm or larger.
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84.7%-96.9%), which is significantly
different from 80% (P=.01) but is not
significantly different from 90%
(P=.98). FIGURE 2 shows event-free sur-
vival distributions according to early re-
sponse to therapy. The 2-year event-
free survival for patients who achieved

early complete response and did not re-
ceive IFRT is 89.4% (95% CI, 80.8%-
98.0%) compared with 92.5% (95% CI,
84.5%-100%) for those who did not
achieve complete response.

Excluding the patient who with-
drew consent early, 56 of 87 patients

(64%) had at least 5 years of follow-
up. The 5-year event-free survival is
88.5% (95% CI, 80.7%-96.3%), and the
5-year overall survival 100%; 1 pa-
tient died approximately 7.5 years af-
ter study enrollment. The clinical char-
acteristics of the 11 patients who
experienced treatment failure (me-
dian, 17 months; range, 4-79 months)
are summarized in TABLE 2. Patients
who did not undergo irradiation had an
estimated 5-year event-free survival of
89.4% (95% CI, 79.0%-99.8%), which
is similar to patients who did (5-year
event-free survival, 87.5%; 95% CI,
75.7%-99.3%). There was no evidence
that early complete response was a sig-
nificant predictor of event-free sur-
vival (P=.61). All patients who were not
irradiated who experienced recur-
rence did so at a previously involved site
and were successfully retrieved with
chemotherapy and IFRT without stem
cell transplant (Table 2). Sites of fail-
ure in 5 of the 6 patients with less than
complete response at early response
evaluation also included previously ir-
radiated sites. Four of these patients re-
ceived high-dose chemotherapy and au-
tologous stem cell transplant; 1 patient
with a localized late relapse (30 months
after original diagnosis) was retrieved
with chemotherapy and IFRT. The re-
maining patient developed recurrent
nodular lymphocyte predominant
Hodgkin lymphoma concurrent with
transformation to diffuse large B-cell
lymphoma and succumbed to refrac-
tory disease.

Prognostic factors fortreatmentfailure
arepresented inTABLE3.Neitherpatient
characteristics(sex,race,andage)nortu-
morcharacteristics(histology,stage,pres-
ence of a mediastinal mass or peripheral
lymph node bulk) predicted failure, al-
thoughthepowertodetectsuchprognos-
tic factors is limitedbytherelativelysmall
number of patients and events.

The estimated 5-year event-free sur-
vival for patients with nodular lympho-
cyte predominant Hodgkin lymphoma
is 87.5% (95% CI, 74.0%-100%), com-
pared with 89.1% (95% CI, 79.7%-
98.5%; P=.50) for classical Hodgkin lym-
phoma (FIGURE 3).

Figure 1. Overall Survival and Event-Free Survival Distributions for the Whole Cohort of
Children With Favorable-Risk Hodgkin Lymphoma Treated With Vinblastine, Doxorubicin,
Methotrexate, and Prednisone (VAMP) With or Without Low-Dose Field Radiotherapy (N=88)
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Figure 2. Event-Free Survival Distributions for Children With Favorable-Risk Hodgkin
Lymphoma According to Their Early Response to Therapy
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Acute and Long-term Toxicity
Therapy was well tolerated without ma-
jor complications. Delay or dose modi-
fications due to adverse toxic effects
were rare. The most common adverse
effects were neuropathic pain (2% of pa-
tients) and nausea and vomiting (3% of
patients), all of which are readily man-
aged with supportive care. Neutrope-
nia (absolute neutrophil count �1000/
dL) was observed in 60% of patients
(32% of cycles), and febrile neutrope-
nia in 2% of patients (0.9% of cycles).
Nine patients (10%) were hospital-
ized 11 times (3% of cycles) for febrile
neutropenia (3 hospitalizations) or non-

neutropenic infection. Granulocyte
colony–stimulating factors were not
used.

No second malignant neoplasm oc-
curred except for a histology transfor-
mation in a patient with nodular lym-
phocyte predominant Hodgkin
lymphoma. Nine of 88 patients (10%)
developed asymptomatic compen-
sated hypothyroidism 16 to 30 months
from study enrollment. All of them had
received IFRT to the neck. Two pa-
tients developed osteonecrosis, and 2
others developed moderate osteope-
nia. Twelve patients (14%) developed
subclinical pulmonary dysfunction fol-

lowing thoracic radiation, most com-
monly asymptomatic mild to moder-
ate pulmonary diffusion deficits (n=8;
DLCO, 57%-74% of what is predicted for
their sex and age). Four patients (5%;
2 irradiated and 2 nonirradiated) ex-
perienced asymptomatic left ventricu-
lar dysfunction (shortening fractions,
�30%; range, 24%-29%) at a median
of 35 months after study enrollment
(range, 8- 86 months). Two of them (1
irradiated and 1 nonirradiated) recov-
ered shortening fraction to 30% or
more, and the other 2 patients to 29%
and 28%, respectively. All remained
asymptomatic. Among patients older

Table 2. Patients With Disease Progression or Recurrence

Patient
No.

Age at
Diagnosis,

y Stage Histology
Sites of Initial

Disease
Early

Response

Time
to

Failure,
mo Sites of Failure

Retrieval
Therapy

Autologous
Stem Cell
Transplant

Outcome
From Failure,

mo

Did not receive front-line radiation
1 15.8 IIA Nodular

lymphocyte
predominant

Right iliac, right
inguinal/
femoral

Complete 20 Right inguinal/
femoral

Stanford V
� IFRT

No No evidence of
disease, 70

2 4.6 IA Nodular
sclerosing

Left neck Complete 17 Left neck Stanford V
� IFRT

No No evidence of
disease, 30

3 11.2 IIA Nodular
lymphocyte
predominant

Right and left
neck

Complete 7 Mediastinum,
right and left
neck

Stanford V
� IFRT

No No evidence of
disease, 33

4 8.9 IIA Nodular
lymphocyte
predominant

Right and left
neck

Complete 7 Right neck BEACOPP
� IFRT

No No evidence of
disease, 78

5 11.3 IIA Nodular
lymphocyte
predominant

Right axilla, left
neck

Complete 14 Left neck 6 � COPP
� IFRT

No No evidence of
disease, 33

Received front-line radiation
6 17.6 IIA Nodular

sclerosing
Mediastinum,

left neck
Partial 30 Left neck Stanford V

� IFRT
No No evidence of

disease, 93

7 15.5 IIA Hodgkin
lymphoma
NOS

Right axilla, right
neck

Partial 4 Right axilla, right
neck

3 � MIED
� IFRT

Yes No evidence of
disease, 68

8 7.0 IIA Mixed cellularity Right and left
neck

Stable
disease

19 Mesenteric/porta
hepatis,
paraaortic,
spleen,
retroperitoneal

3 � GV, 1
� IV �
IFRT

Yes No evidence of
disease, 29

9 14.5 IA Nodular
sclerosing

Left axilla Partial 15 Right lung,
mediastinum

IV and GV
� IFRT

Yes No evidence of
disease, 27

10 13.9 IIA Nodular
sclerosing

Left neck,
mediastinum

Partial 29 Bone marrow,
bony pelvis,
mesenteric/
porta hepatis,
para-aortic,
spleen,
vertebra

BEACOPP
� IFRT

Yes No evidence of
disease, 75

11a 9.6 IIA Nodular
lymphocyte
predominant

Right and left
neck

Partial 79 Liver, mesenteric/
porta hepatis

As per
ANHL01P1

No Dead of
disease, 11

Abbreviations: ANHL01P1, Chidlren’s Oncology Group Protocol for Mature B cell lymphomas; COPP, cyclophosphamide, vincristine, prednisone, and procarbazine; GV, gemcitabine
and vinorelbine; IFRT, involved field radiotherapy; IV, ifosfamide and vinorelbine; MIED, methotrexate, ifosfamide, etoposide, and dexamethasone; Stanford V, prednisone, vinblastine,
doxorubicin, nitrogen mustard, vincristine, bleomycin, and etoposide.

aPatient’s disease transformed to diffuse large B-cell lymphoma upon relapse.
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than18 years (23 women and 38 men),
3 couples involving 2 women and 1
man in the cohort conceived 6 times,
resulting in 4 live births.

COMMENT
To our knowledge, this is the first trial
in which a select group of children with
favorable–risk Hodgkin lymphoma ex-
perienced a high rate of 2- and 5-year
event-free survival without exposure to
radiotherapy, alkylating agent, epipodo-
phyllotoxin, or bleomycin chemo-
therapy and a relatively low cumulative
dose of anthracyclines. The desire to
avoid late treatment complications—
particularly those resulting from high
doses of irradiation—has motivated most
treatment modifications for pediatric

Hodgkin lymphoma. Early trials estab-
lished the effectiveness of combined-
modality therapy featuring multiagent
chemotherapy and lower cumulative
doses of radiation to involved sites of dis-
ease.18-20 To avoid radiation complica-
tions altogether, chemotherapy-only
trials were developed prescribing mul-
tiple courses of nitrogen mustard, vin-
cristine, procarbazine, and prednisone
(MOPP) or derivatives.21-23 These regi-
mens proved to be effective in achiev-
ing long-term remissions.24-26 However,
most trials featured high cumulative
doses of alkylating agents, anthracy-
clines, or bleomycin leading to in-
creased morbidity and toxic injury to
their heart, lungs, and sexual organs, and
secondary leukemia. As a result, con-

temporary combined-modality trials fo-
cus on balancing efficacy and toxic ef-
fects of therapy. Investigators have also
sought to identify patients with favor-
able features who would be candidates
for therapy reductions. These efforts led
to the evaluation of a response-based ra-
diation approach, which was first un-
dertaken in Stanford pediatric proto-
cols prescribing lower doses of radiation
to patients with good response to
MOPP.27 This experience has shaped our
consortium trials since.6,28,29

The Children’s Cancer Group study
CCG594230 and the German Pediatric
Oncology and Hematology (GPOH-
HD95) study4 (confirmed in the GPOH-
HD2002 study5) pursued response-
based trials in the mid-1990s aimed to
omit radiation. The GPOH trials had
comparable outcomes for nonirradi-
ated favorable-risk patients who
achieved complete response after 2
cycles of vincristine, procarbazine,
prednisone, and doxorubicin (OPPA for
girls) or vincristine, etoposide, pred-
nisone, and doxorubicin (OEPA for
boys) compared with those who
achieved less than complete response
and received radiotherapy. A marked
event-free survival advantage with com-
bined-modality therapy was only ap-
preciated in intermediate- and high-
risk groups, while overall survival
remained comparable.4 In the Chil-
dren’s Cancer Group study, patients
who achieved a complete response af-
ter all chemotherapy were random-
ized to receive 21 Gy IFRT or no addi-
tional treatment (eTable available at
http://www.jama.com). There was a
3-year event-free survival advantage for
the group that underwent irradiation
(100% vs 89%); however, survival in the
2 groups was identical (3-year overall
survival 100%), raising the concern of
the number of children needed to be ir-
radiated to prevent 1 relapse. This is
particularly pertinent in our study in
which patients’ developing relapse af-
ter treated only with chemotherapy
were successfully retrieved with stan-
dard multiagent chemotherapy and
IFRT without high-dose chemo-
therapy or stem cell transplant. As a re-

Table 3. Prognostic Factors for Treatment Failure in Children With Favorable Risk Hodgkin
Lymphoma

Factor

Patients, No. (%)
Univariate Analysis, HR

(95% CI)

All
(n = 88)

Failed
(n = 11) HR (95% CI)

P
Value

Sex
Male 59 (67) 8 (73) 1.41 (0.37-5.31)

.61
Female 29 (33) 3 (27) 1 [Reference]

Race
White 77 (88) 9 (82) 0.58 (0.13-2.69)

.49aAfrican American 7 (8) 1 (9)

Asian 2 (2) 0 (0) 1 [Reference]

Other 2 (2) 1 (9)

Age at study enrollment
median (range), y

13.9
(4.4-20.6)

11.3
(4.717.7)

0.92
(0.80-1.07)b

Histology
Nodular sclerosing 37 (42) 4 (36) 0.77 (0.23-2.62)c

Nodular lymphocyte predominant 32 (36) 5 (45) 1.50 (0.46-4.91)d
.28

Mixed cellularity 10 (11) 1 (9)

Other histologies 9 (10) 1 (9)

Stage
1A 39 (44) 2 (18) 1 [Reference]

.09
2A 49 (56) 9 (82) 3.77 (0.82-17.47)

Mediastinal mass
Absent 53 (60) 8 (73) 1 [Reference]

.35
Present 35 (40) 3 (27) 0.53 (0.14-1.99)

Bulke

Absent 75 (85) 8 (73) 1 [Reference]
.21

Present 13 (15) 3 (27) 2.33 (0.62-8.80)

Early response to therapy
Complete 47 (53) 5 (45) 0.73 (0.22-2.40)

.61
�Complete 41 (47) 6 (55) 1 [Reference]

Abbreviations: HR, hazard ratio.
aComparison of white vs all other race/ethnicities.
bOne-year increment.
cComparison of nodular sclerosing vs all other histologies combined (P=.67).
dComparison of nodular lymphocyte predominant vs all other histologies combined (P=.50).
ePeripheral lymph node disease 6 cm or larger.
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sult, more than 50% of patients in our
study were spared radiotherapy, and the
majority could be cured without expo-
sure to leukemogenic agents.

We previously reported the results
using VAMP chemotherapy and low-
dose IFRT.6,11 The 5-year event-free and
overall survival for the entire cohort were
93% and 99%, respectively. Results of the
current study are similar with a 5-year
event-free and overall survival of 89%
and 100%, respectively. In the present
study, the 5-year event-free survival for
patients with classical Hodgkin lym-
phoma was 89%, with no difference in
outcome between those treated with and
without radiotherapy (P=.61).

Historically, patients with nodular
lymphocyte predominant Hodgkin lym-
phoma have a favorable outcome and
have been treated on regimens suit-
able for classical Hodgkin lymphoma;
however, there are several reports in the
adult and pediatric literature suggest-
ing that such patients can be cured with
less therapy. In adults, radiotherapy-
only approaches are favored31,32; how-
ever, the required doses of 30 to 36 Gy
would result in significant musculo-
skeletal toxic effects in children. Most
children with nodular lymphocyte pre-
dominant Hodgkin lymphoma do well
regardless of therapy chosen; adverse
toxic effects remain the main concern
for more involved treatment ap-
proaches.33-35 Remarkably, a substan-
tial proportion of children with limited-
stage, completely-resected nodular
lymphocyte predominant Hodgkin lym-
phoma achieve long-term remission
with surgical resection alone without
additional therapy.37 In view of these
results, the outcome for patients with
nodular lymphocyte predominant
Hodgkin lymphoma in our study who
were treated without irradiation was
disappointing. Twenty-six of 32 pa-
tients were early responders and thus
treated without irradiation. Four pa-
tients (15%) relapsed compared with no
treatment failures in our prior experi-
ence with a combined-modality ap-
proach wherein all such patients were
irradiated.6 In the current study, none
of the 10 patients with nodular lym-

phocyte predominant Hodgkin lym-
phoma who had undergone complete
resection relapsed; thus, it is possible
that many of them could have been
spared chemotherapy altogether. In
contrast, patients with stage II (and un-
resected) nodular lymphocyte predomi-
nant Hodgkin lymphoma who did not
receive radiotherapy are at increased
risk of relapse. Whether the omission
of alkylating agents from the VAMP
regimen can account for the less favor-
able result is speculative. However, it
appears that even low-dose irradia-
tion may be beneficial for children with
nodular lymphocyte predominant
Hodgkin lymphoma who are treated
with chemotherapy regimens that omit
alkylating agents.

A limitation of this study is its rela-
tively small sample size limiting the
power to assess differences between
study sites and limiting subgroup analy-
ses. Thus, it would be important to con-
firm the results in a larger cohort. Our
results suggest that a risk-adapted re-
sponse-based approach may be very ef-
fective and well tolerated for a se-
lected group of patients with favorable
risk Hodgkin lymphoma. Such pa-
tients can achieve high 2-year event-

free survival without alkylating agent,
bleomycin, or epipodophyllotoxin che-
motherapy, and more than half with-
out radiotherapy. Future studies should
consider further tailoring of radio-
therapy reserving irradiation for pa-
tients who remain PET positive at early
response evaluation.
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4. Dörffel W, Lüders H, Rühl U, et al. Preliminary re-
sults of the multicenter trial GPOH-HD 95 for the treat-
ment of Hodgkin’s disease in children and adoles-
cents: analysis and outlook. Klin Padiatr. 2003;
215(3):139-145.
5. Mauz-Körholz C, Hasenclever D, Dörffel W, et al.
Procarbazine-free OEPA-COPDAC chemotherapy in
boys and standard OPPA-COPP in girls have compa-
rable effectiveness in pediatric Hodgkin’s lymphoma:

the GPOH-HD-2002 study. J Clin Oncol. 2010;
28(23):3680-3686.
6. Donaldson SS, Link MP, Weinstein HJ, et al. Final
results of a prospective clinical trial with VAMP and
low-dose involved-field radiation for children with low-
risk Hodgkin’s disease. J Clin Oncol. 2007;25(3):
332-337.
7. Landman-Parker J, Pacquement H, Leblanc T, et al.
Localized childhood Hodgkin’s disease: response-
adapted chemotherapy with etoposide, bleomycin, vin-
blastine, and prednisone before low-dose radiation
therapy-results of the French Society of Pediatric On-
cology Study MDH90. J Clin Oncol. 2000;18(7):
1500-1507.
8. Tebbi CK, Mendenhall N, London WB, Williams
JL, de Alarcon PA, Chauvenet AR. Treatment of stage
I, IIA, IIIA(1) pediatric Hodgkin disease with doxoru-
bicin, bleomycin, vincristine and etoposide (DBVE) and
radiation: a Pediatric Oncology Group (POG) study.
Pediatr Blood Cancer. 2005;46(2):198-202.
9. Kung FH, Schwartz CL, Ferree CR, et al; Chil-
dren’s Oncology Group. POG 8625: a randomized trial
comparing chemotherapy with chemoradiotherapy for
children and adolescents with Stages I, IIA, IIIA1 Hodg-
kin Disease: a report from the Children’s Oncology
Group. J Pediatr Hematol Oncol. 2006;28(6):362-
368.
10. Schwartz CL, Constine LS. Early response-based
therapy for children with hodgkin lymphoma: a sur-
rogate for using biology to effect cure and minimize
toxicity. In: 2010 Educational Book. Alexandria, VA:
American Society of Clinical Onocologists; 2010:
391-396.
11. Donaldson SS, Hudson MM, Lamborn KR, et al.
VAMP and low-dose, involved-field radiation for chil-
dren and adolescents with favorable, early-stage Hodg-
kin’s disease: results of a prospective clinical trial. J Clin
Oncol. 2002;20(14):3081-3087.
12. Carbone PP, Kaplan HS, Musshoff K, Smithers
DW, Tubiana M. Report of the Committee on Hodg-
kin’s Disease Staging Classification. Cancer Res. 1971;
31(11):1860-1861.
13. Campo E, Swerdlow SH, Harris NL, Pileri S, Stein
H, Jaffe ES. The 2008 WHO classification of lym-
phoid neoplasms and beyond: evolving concepts and
practical applications. Blood. 2011;117(19):5019-
5032.
14. Brepoels L, Stroobants S, De Wever W, et al. Hodg-
kin lymphoma: response assessment by revised Inter-
national Workshop Criteria. Leuk Lymphoma. 2007;
48(8):1539-1547.
15. Gehan EA. A generalized Wilcoxon test for com-
paring arbitrarily singly-censored samples. Biometrika.
1965;52:203-223.
16. Kaplan EL, Meier P. Nonparametric estimation from
incomplete observations. J Am Stat Assoc. 1958;
53:457-481.
17. Cox DR. Regression models and life-tables. J R
Stat Soc, B. 1972;34:187-220.
18. 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(1):100-108.
19. Hunger SP, Link MP, Donaldson SS. ABVD/
MOPP and low-dose involved-field radiotherapy in pe-
diatric Hodgkin’s disease: the Stanford experience.
J Clin Oncol. 1994;12(10):2160-2166.
20. Weiner MA, Leventhal B, Brecher ML, et al. Ran-
domized study of intensive MOPP-ABVD with or with-
out low-dose total-nodal radiation therapy in the treat-
ment of stages IIB, IIIA2, IIIB, and IV Hodgkin’s disease
in pediatric patients: a Pediatric Oncology Group study.
J Clin Oncol. 1997;15(8):2769-2779.
21. Behrendt H, Brinkhuis M, Van Leeuwen EF. Treat-
ment of childhood Hodgkin’s disease with ABVD with-
out radiotherapy. Med Pediatr Oncol. 1996;26
(4):244-248.

22. Hakvoort-Cammel FG, Buitendijk S, van den
Heuvel-Eibrink M, Hählen K. Treatment of pediatric
Hodgkin disease avoiding radiotherapy: excellent out-
come with the Rotterdam-HD-84-protocol. Pediatr
Blood Cancer. 2004;43(1):8-16.
23. van den Berg H, Zsiros J, Behrendt H. Treatment
of childhood Hodgkin’s disease without radiotherapy.
Ann Oncol. 1997;8(suppl 1):15-17.
24. Baez F, Ocampo E, Conter V, et al. Treatment of
childhood Hodgkin’s disease with COPP or COPP-
ABV (hybrid) without radiotherapy in Nicaragua. Ann
Oncol. 1997;8(3):247-250.
25. Jacobs P, King HS, Karabus C, Hartley P, Werner
D. Hodgkin’s disease in children: a ten-year experi-
ence in South Africa. Cancer. 1984;53(2):210-
213.
26. Olweny CL, Katongole-Mbidde E, Kiire C, Lwanga
SK, Magrath I, Ziegler JL. Childhood Hodgkin’s dis-
ease in Uganda: a ten year experience. Cancer. 1978;
42(2):787-792.
27. Donaldson SS, Link MP. Combined modality treat-
ment with low-dose radiation and MOPP chemo-
therapy for children with Hodgkin’s disease. J Clin
Oncol. 1987;5(5):742-749.
28. Friedmann AM, Hudson MM, Weinstein HJ, et al.
Treatment of unfavorable childhood Hodgkin’s dis-
ease with VEPA and low-dose, involved-field radiation.
J Clin Oncol. 2002;20(14):3088-3094.
29. Hudson MM, Krasin M, Link MP, et al. Risk-
adapted, combined-modality therapy with VAMP/
COP and response-based, involved-field radiation for
unfavorable pediatric Hodgkin’s disease. J Clin Oncol.
2004;22(22):4541-4550.
30. Nachman JB, Sposto R, Herzog P, et al; Chil-
dren’s Cancer Group. Randomized comparison of low-
dose involved-field radiotherapy and no radio-
therapy for children with Hodgkin’s disease who
achieve a complete response to chemotherapy. J Clin
Oncol. 2002;20(18):3765-3771.
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