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abstract

PURPOSE Patients with bulky stage I/II classic Hodgkin lymphoma (cHL) are typically treated with chemotherapy
followed by radiation. Late effects associated with radiotherapy include increased risk of second cancer and
cardiovascular disease. We tested a positron emission tomography (PET)–adapted approach in patients with
bulky, early-stage cHL, omitting radiotherapy in patients with interim PET-negative (PET2) disease and in-
tensifying treatment in patients with PET-positive (PET1) disease.

METHODS Eligible patients with bulky disease (mass . 10 cm or 1/3 the maximum intrathoracic diameter on
chest x-ray) received two cycles of doxorubicin, bleomycin, vinblastine, and dacarbazine (ABVD) followed by
interim fluorodeoxyglucose PET (PET2). Patients with PET2–, defined as 1-3 on the 5-point scale, received four
additional cycles of doxorubicin, bleomycin, vinblastine, and dacarbazine. Patients with PET21 received four
cycles of escalated bleomycin, etoposide, doxorubicin, cyclophosphamide, vincristine, procarbazine, and
prednisone followed by 30.6 Gy involved-field radiation.

RESULTS Of 94 evaluable patients, 53% were female with median age 30 years (range, 18-58 years). Eight-five
(90%) had stage II disease, including 48 (51%) with stage IIB/IIBE. Seventy-eight (78%) were PET2– and 21
(22%) were PET21. The predominant toxicity was neutropenia, with 9% of patients developing febrile neu-
tropenia and one developing sepsis. The primary end point of 3-year progression-free survival (PFS) was 93.1%
in PET2– and 89.7% in PET21 patients. Three-year overall survival was 98.6% and 94.4%, respectively. The
estimated hazard ratio comparing PFS of patients with PET21 and patients with PET22 was 1.03 (85% upper
bound 2.38) and was significantly less than the null hypothesis of 4.1 (one-sided P 5 .04).

CONCLUSION Our study of PET-adapted therapy in bulky stage I/II cHL met its primary goal and was associated
with an excellent 3-year PFS rate of 92.3% in all patients, with the majority being spared radiotherapy and
exposure to intensified chemotherapy.

J Clin Oncol 41:1023-1034. © 2022 by American Society of Clinical Oncology

INTRODUCTION

Bulky mediastinal adenopathy is a well-established risk
factor in patients with early-stage classic Hodgkin lym-
phoma (cHL).1,2 Historically, such patients have been
treated with chemotherapy followed by radiation. The US
Eastern Cooperative Oncology Group ECOG 2496 study
randomly assigned 264 patients with bulky mediastinal
disease to doxorubicin, bleomycin, vinblastine, and
dacarbazine (ABVD) versus Stanford V followed by
consolidation with 36 Gy of involved-field radiation.3 The
5-year failure-free survival rate was 86% versus 79%
(P 5 .22), respectively.

Late effects of radiotherapy to the chest are well docu-
mented and include risk of secondary malignancies, par-
ticularly breast cancer in women treated under the age of
30 years.4,5 Cardiovascular complications include
accelerated coronary artery disease, as well as arrhythmias,

valvular disease, and pericardial disease. Radiation-
associated pneumonitis and fibrosis may also occur in
these patients. Modern radiotherapy techniques, in com-
bination with the use of lower doses and smaller fields, will
likely result in lower rates of late toxicity, but the impact of
these advances will take years to fully evaluate and no
technique will completely avoid radiation (RT) to the breast
and heart in patients with extensive mediastinal disease.

Given the prognostic impact of interim positron
emission tomography (PET) scans after two cycles of
chemotherapy (PET2) on progression-free survival,
a number of trials have evaluated risk-adapted ther-
apy with de-escalation of treatment in patients with
PET2-negative (PET22) and intensified approaches in
patients with PET2-positive (PET21).6-10 Cancer and
Leukemia Group B (CALBG) 50604 tested this strategy
in 149 patients with nonbulky stage I and II disease.11

The 3-year progression-free survival (PFS) rate in the 135
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(91%) patients with PET22 treated with four cycles of ABVD
without radiotherapy was 91%. The 14 (9%) patients with
PET21 received two cycles of escalated bleomycin, etoposide,
doxorubicin, cyclophosphamide, vincristine, procarbazine, and
prednisone (escBEACOPP) followed by involved-field radiation
therapy (IFRT) and experienced a 3-year PFS rate of 66%.

In CALGB 50801, the first study to our knowledge focusing
exclusively on patients with bulky stage I and II disease, we
hypothesized that a PET-adapted strategy would be effective
and limit the use of mediastinal radiotherapy in this important
and particularly high-risk group of patients in terms of late
effects. After two cycles of ABVD, patients with negative PET
scans would achieve acceptable PFSwith chemotherapy alone,
and patients with positive PET scans would receive intensified
chemotherapy followed by radiotherapy and achieve PFS closer
to that of patients with PET2 than what had previously been
observed with chemotherapy alone. CALGB is now part of the
Alliance for Clinical Trials in Oncology.

METHODS

Eligibility

Previously untreated patients with stage I and II cHL with
tumor bulk, defined as a mass of. 10 cm in largest diameter
or a ratio of. 0.33 of the maximum intrathoracic diameter on
standing posteroanterior chest x-ray, with normal organ
function including normal ejection fraction and diffusion ca-
pacity of lung for carbon monoxide (DLCO) $ 60% were
eligible. Patients who had received up to one prior cycle of
ABVD could enroll, as long as all baseline eligibility criteria
were met. All patients signed an institutional board–reviewed
protocol-specific informed consent before enrollment.

Study Design

The study was a single-arm, phase II trial with response-
adapted therapy on the basis of interim PET. Patients were

treated with two cycles of full-dose ABVD without delay
regardless of neutrophil count. Patients underwent cen-
trally reviewed PET days 23-25 following cycle 2 day 1.
Patients with a negative PET, defined as 1-3 on the
Deauville 5 point scale (PS), received four additional cycles
of ABVD. Patients with a positive interim PET (4 and 5) were
treated with escalated BEACOPP for four cycles followed by
30 Gy involved-field radiotherapy, as described in the
Protocol (online only).

Patients underwent PET at the end of therapy (3-8 weeks in
patients with PET22 and 12-16 weeks after radiotherapy in
patients with PET21) and were followed thereafter with
computed tomography (CT) scans every 3 months for
1 year, every 6 months for years 2 and 3, and then
annually for a maximum of 5 years. PET scans were
reviewed centrally by a member of an expert team of
PET-CT readers with an adjudicator from the same pool
in the case of disagreement with the local physician.

Statistical Analysis

The primary end point was progression-free survival (PFS),
defined as the time from study entry to the first evidence of
disease progression or death from any cause, censoring
patients alive without disease progression at the last dis-
ease evaluation. Secondary end points included complete
remission rate (CR) and adverse events. Response was
measured using the Cheson criteria.12 OS was defined as
the time from study entry until death from any cause,
censoring patients alive at date of last contact. Adverse
events were graded according to the CTCAE v4.0 criteria.

The study was designed with two objectives: to maintain
PFS in patients with PET22 without the use of RT and to
improve PFS for patients with PET21 by intensifying
chemotherapy with consolidative RT. The statistical design
tested that PFS for patients with PET21 treated with

CONTEXT

Key Objective
Our study was, to our knowledge, the first trial focused specifically on patients with bulky stage I/II classic Hodgkin

lymphoma testing a positron emission tomography (PET)–adapted approach with omission of radiotherapy in early PET-
negative patients and intensification of therapy in PET-positive patients.

Knowledge Generated
The majority of patients were interim PET-negative and achieved excellent progression-free survival with doxorubicin,

bleomycin, vinblastine, and dacarbazine chemotherapy without radiation. For the fewer than 25% of patients who were
interim PET-positive, outcomes were similar with intensified chemotherapy followed by radiation.

Relevance (J.W. Friedberg)
This National Clinical Trials Network prospective study extends a growing experience eliminating radiation therapy for most

patients with early-stageHodgkin lymphoma to the setting of bulky disease presentations. Prolonged follow-up of these studies,
along with registry cohorts, will enable risk/benefit discussions with patients and an individualized approach to therapy.*

*Relevance section written by JCO Editor-in-Chief Jonathan W. Friedberg, MD.
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subsequent escBEACOPP followed by RT was not grossly
inferior to the PFS of patients with PET22 treated with an
additional four cycles of ABVD. The original study design
specifications are presented in the Protocol Document.
Because of a lower annual accrual of 14 patients, the
sample size was decreased to 93 eligible patients, in which
42 events were required under the same PFS assumptions
with 80% power. Finally, with few events but mature follow-
up, the protocol was amended to allow for the primary end
point analysis after patients had been followed for 3 years.

For the primary end point analysis, the 85% upper confi-
dence bound on the HR comparing PFS of patients with
PET21 and patients with PET22 was obtained from a
univariable Cox proportional hazards model, and if that
upper bound was , 4.1, then escBEACOPP followed by
radiation was deemed a promising treatment strategy for
patients with PET21 disease after two cycles of ABVD.
Likewise, if the 85% lower confidence bound on the PFS
estimate at 3 years for patients with PET21 excluded 40%,
then that would support the use of this treatment strategy in
patients with PET21. For each group, PFS and OS dis-
tributions were estimated using the Kaplan-Meier method,
and 3-year estimates were also provided with two-sided
95% CIs. CR rates were estimated with exact 95% CIs.
Frequency tables of worst-grade adverse events summa-
rized safety data. Patient demographics were summarized
and compared between the patients with PET21 and
patients with PET22 using the Wilcoxon rank sum test for
continuous demographic factors and Fisher’s exact test for
categorical demographic factors.

All patients with confirmed eligibility and PET status deter-
mined after two cycles of ABVD are included in analyses. Data
collection was performed by the Alliance Statistics and Data
Management Center. Data quality was ensured by review of
data by the Alliance Statistics and Data Management Center
and by the study chairperson following Alliance policies. All
analyses were performed by the Alliance Statistics and Data
Management Center using SAS version 9.4 (Cary, NC). Data
were locked for this analysis as of April 16, 2021.

RESULTS

Enrollment and Patient Characteristics

Between May 2010 and October 2017, 101 patients were
enrolled to this study (Fig 1). Six patients did not have
eligibility confirmed, including three without baseline
DLCO, two who did not meet the definition of bulky disease,
and one who had stage IIIB disease. In addition, one patient
did not undergo PET scanning following cycle 2 of ABVD,
resulting in 94 eligible and evaluable patients for the safety
and efficacy analyses. Baseline patient characteristics for
all 94 patients and by PET status following cycle 2 are
shown in Table 1. Median age was 30 years (range, 18-58
years). Of 94 patients, 21 (22%) were PET21 and 73
(78%) PET2– after two cycles of ABVD. WBC count of at

least 15 3 109/L at baseline was significantly associated
with PET21 status (P5 .02), and lymphopenia at baseline
was moderately associated with PET21 status (P 5 .06).

Tolerability and Adverse Events

Most patients of the 94 patients who were evaluable for
safety analyses completed therapy per protocol (93%):
96% for PET2– and 81% for PET21. Three patients who
were PET2– discontinued therapy early; the reason for
discontinuation was due to adverse events in one patient,
refusal of further treatment in one patient, and not returning
to the site for one patient. Of the four patients who were
PET21, two discontinued because of progressive disease,
one for adverse events, and one patient declined further

Registration

Enrolled
(n = 101) 

Started ABVD × 2 (n = 95)

PET2-negative
(n = 73)

ABVD × 4

Follow-up/analysis

PFS (n = 73)

PET2-positive
(n = 21)

EscBEACOPP × 4
+ IFRT 

Follow-up/analysis

PFS (n = 21)

Not evaluable because 
of missing PET2 (n = 1) 

Not eligible (n = 6)
  No DLCO   (n = 3)
  Not bulky  (n = 2)
  Stage III     (n = 1)

FIG 1. Flow diagram. ABVD, doxorubicin, bleomycin, vinblastine, and
dacarbazine; DLCO, diffusion capacity of lung for carbon monoxide;
escBEACOPP, bleomycin, etoposide, doxorubicin, cyclophosphamide,
vincristine, procarbazine, and prednisone; IFRT, involved-field radia-
tion therapy; PET2, positron emission tomography after two cycles of
chemotherapy; PFS, progression-free survival.
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TABLE 1. Baseline Characteristics

Characteristic

All Evaluable
Patients
(N 5 94) PET21 (n 5 21) PET2– (n 5 73) P

Age, years .39a

Median (range) 30 (18-58) 28 (19-56) 30 (18-58)

Sex, No. (%) .33b

Male 44 (47) 9 (43) 32 (44)

Female 50 (53) 12 (57) 41 (56)

Stage, No. (%) .78b

IA/IAE 7 (7) 1 (5) 6 (8)

IB 2 (2) 0 (0) 2 (3)

IIA/IIAE 37 (39) 7 (33) 30 (41)

IIB/IIBE 48 (51) 13 (62) 35 (48)

ECOG performance status, No. (%) .14b

0 64 (68) 12 (57) 52 (71)

1 29 (31) 8 (38) 21 (29)

2 1 (1) 1 (5) 0 (0)

IPS score, No. (%) .22b

0 13 (15) 1 (6) 12 (17)

1 25 (29) 4 (22) 21 (30)

2 30 (35) 8 (44) 22 (32)

3 16 (18) 3 (17) 13 (19)

4 2 (2) 1 (6) 1 (1)

5 1 (1) 1 (6) 0 (0)

IPS components,c No. (%)

Age $ 45 years 12 (13) 2 (10) 10 (14) 1.00b

Albumin , 40 g/L 54 (58) 13 (65) 41 (56) .61b

WBC $ 15 3 109/L 12 (13) 6 (29) 6 (8) .02b

Hemoglobin , 105 g/L 19 (20) 5 (24) 14 (19) .76b

Lymphocyte count , 0.6 3 109/L or , 8% of differential 21 (24) 8 (42) 13 (19) .06b

Abnormal DLCO, No. (%) 8 (9) 2 (10) 6 (8) 1.00b

Prior ABVD cycle, No. (%) 15 (16) 2 (10) 13 (18) .51b

Mediastinal adenopathy present at baseline, No. (%) 92 (98) 21 (100) 71 (97) 1.00b

Maximum diameter of mediastinal mass by chest x-ray, cm .76a

Median (range) 11.2 (0-18.8) 11.7 (0-17) 11.1 (0-18.8)

Longest diameter of mediastinal adenopathy by CT, cm .95a

Median (range) 10.4 (1.2-19) 10.7 (1.2-16.3) 10.3 (2.8-19)

Mediastinal, 10 cm by CT but. 1/3 the maximum intrathoracic diameter by chest x-ray,
No. (%)

37 (40) 7 (33) 30 (42) .61b

Bulky disease $ 10 cm, No. (%) 51 (54) 13 (62) 38 (52) .62b

NOTE. Complete data are presented. One patient was missing albumin and six patients were missing lymphocyte count, resulting in seven missing IPS
score; one patient withmediastinal adenopathy present at baseline had longest diameter of mediastinal adenopathy by CTmissing. Continuous variables were
compared between groups using the Wilcoxon rank-sum test and categoric variables using Fisher’s exact test.
Abbreviations: ABVD, doxorubicin, bleomycin, vinblastine, and dacarbazine; CT, computed tomography; DLCO, diffusion capacity of lung for carbon monoxide;

ECOG, Eastern Cooperative Oncology Group; IPS, international prognostic score; PET2, positron emission tomography after two cycles of chemotherapy.
aWilcoxon rank-sum test P value.
bFisher’s exact test P value.
cMale sex is an IPS component, which is previously presented in the table. Stage IV disease is an IPS component, and none of the patients enrolled had

stage IV disease.
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therapy after cycle 5. 70% of PET2– patients and 76% of
PET21 patients (P 5 .79) received all six cycles of bleo-
mycin without dose modifications. There was one case
each of grade 3 pneumonitis and hypoxia and two cases of
grade 3 dyspnea without any grade 4 pulmonary toxicity.

No unexpected adverse events were identified for patients
treated with ABVD or escBEACOPP, and no grade 5 ad-
verse events were reported. Grade 3 and 4 adverse events,
irrespective of attribution, are shown in Table 2.

Outcome of Therapy

Primary objectives of this study were to use a PET-adapted
approach to maintain PFS in patients with PET22 without the
use of RT and to improve outcomes in PET21 by intensifying
therapy. We assessed whether PFS for patients with PET21
receiving escBEACOPP was not inferior to that of patients with
PET22 receiving ABVD, compared with historical differences
in PFS between patients with PET21 and patients with
PET22 receiving ABVD. There were 94 patients (73 PET2–
and 21 PET21) who were eligible and evaluable for the ef-
ficacy analyses. With a median follow-up of 60 months, there
were seven PFS events (five progressions and two deaths) in
73 patients with PET22 and two PFS events (both progres-
sions) in 21 patients with PET21 (Fig 2). In the PET22 pa-
tients, three recurred in the bulky site only and two recurred in
nonbulky sites. The estimated hazard ratio comparing PFS of
patients with PET21 and patients with PET22was 1.03 (85%
upper bound 2.38), and was significantly less than the null
hypothesis of 4.1 (one-sidedP5 .04). PFS estimates at 3 years
were 93.1% (95% CI, 87.4 to 99.1; 85% lower bound: 90%)
and 89.7% (95% CI, 77.2 to 100; 85% lower bound: 82.9%)
in patients with PET22 and patients with PET21, respectively.
For patients who were PET2–, the 3-year PFS estimates were
92% (95% CI, 84 to 100) and 96% (95% CI, 88 to 100) for
patients with 1/2 versus 3 on the 5 PS, respectively (Fig 3). The
3-year estimate was 100% (95%CI, 100 to 100) for those with
4 on the 5 PS and 80% (95% CI, 59 to 100) for those with 5
(Fig 4). Specific to patients with PET21, the 85% lower bound
on the PFS estimate was 82.9%, and was significantly higher
than the null hypothesis of 40% (one-sided P , .0001).
The study therefore met its primary goal. Among all patients,
the 3-year PFS estimate was 92.3% (95% CI, 87.0 to 98.0).

Secondary end points of the study included CR (at any point
after enrollment) and OS. Of patients with PET22, 100%
(95%CI, 95 to 100) had a best response of CR, whereas 76%
(95% CI, 53 to 92) of patients with PET21 had a best re-
sponse of CR, for an overall CR rate of 95% (95% CI, 88 to
98). With a median follow-up of 69 months for survival, there
have been four deaths. The one death occurring in a patient
with PET21 was due to progressive disease, complicated by
pneumonia, nearly 3 years after enrollment. The three deaths
occurring in patients with PET22 were due to recurrence
1.3 years after enrollment, unrelated anaplastic astrocytoma
occurring 4.4 years after enrollment, and unrelated chronic
obstructive pulmonary disease occurring 7.0 years after

enrollment. The 3-year OS estimates for patients with PET22
and PET21 were 98.6% (95% CI, 95.9 to 100) and 94.4%
(95% CI, 84.4 to 100), respectively (Fig 5). Overall, the 3-year
overall survival estimate was 97.7% (95% CI, 94.7 to 100).

DISCUSSION

In this PET-adapted study of patients with bulky stage I and
II cHL, outcomes were excellent with a 3-year PFS rate of
93.1% in PET2– patients treated with six cycles of ABVD
without RT and 89.7% in patients with PET21 treated with
two cycles of ABVD and four cycles of escBEACOPP fol-
lowed by RT. Our results in patients with PET22 were
similar to the results reported in the RATHL study, which
included patients with stage II disease with bulk and/or B
symptoms, as these patients are treated as advanced stage
with chemotherapy alone in some centers. Interim PET–
was also defined by scores of 1-3 on the 5 PS.10 The 3-year
PFS rate in 119 patients with stage II bulky disease who
received six cycles of ABVD or two cycles of ABVD and four
cycles of doxorubicin, vinblastine, and dacarbazine (AVD)
was 91.5%. The outcome of patients who were PET21 with
early-stage bulky disease was not reported. In addition, in
the unfavorable arm of the EORTC H10 study, 515 of 1,196
patients had bulky disease.9 The 5-year PFS rate of patients
with a negative PET2 (defined as 1-2 on the 5 PS) who
received six cycles of ABVD was 90% compared with 92%
in those receiving ABVD for four cycles followed by IFRT.
For the PET21 group (3-5 on the 5 PS) who received two
cycles of ABVD, two cycles of escBEACOPP, and IFRT, the
5-year PFS rate was 91%. Outcomes in the subgroup of
patients with bulky disease were not reported separately.

Historically, the German Hodgkin Study Group uses
escBEACOPP 3 two followed by ABVD 3 two followed by
IFRT as its standard approach in patients with early-stage
unfavorable Hodgkin lymphoma.13 In the recently reported
HD17 study, patients were randomly assigned to standard
therapy versus a PET-adapted approach.14 Patients who
achieved a negative PET scan after chemotherapy, defined as
1-2 on the 5 PS, were randomly assigned to receive radio-
therapy versus observation. The 5-year PFS rate in the
standard versus the experimental arms was 97% versus 96%
in the PET-adapted arm. Approximately 33% of patients were
PET1 (3-5) after completing all chemotherapy with 94% of
patients progression-free. In a post hoc analysis of patients
with 4 or 5 on the 5 PS, the 5-year PFS rate was 82%.

Interestingly, the outcome of patients with PET21 in the
current study appeared better than that reported in CALGB
50604, which also included patients with nonbulky stage I/II
disease.11 Only 14 of 149 evaluable patients in CALGB 50604
were PET21 (4-5) after two cycles of ABVD and received two
cycles of escBEACOPP followed by involved-field radiother-
apy. The 3-year PFS rate in this group was 67%. PET2–
patients treatedwith a total of four cycles of ABVDexperienced
a similar 3-year PFS rate of 91% compared with 93% in our
study. In CALGB 50604, patients with a score of 3 on PET
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TABLE 2. Worst-Grade Adverse Events Regardless of Attribution

Adverse Event

All Evaluable Patients (N 5 94)
Patients with PET21 ABVD 3 2 1 escBEACOPP 1

Radiation (n 5 21) Patients with PET22 ABVD 3 6 (n 5 73)

Grade 3 (severe),
No. (%)

Grade 4 (life-threatening),
No. (%)

Grade 3 (severe),
No. (%)

Grade 4 (life-threatening),
No. (%)

Grade 3 (severe),
No. (%)

Grade 4 (life-threatening),
No. (%)

Blood/bone marrow

Anemia 14 (15) 0 (0) 3 (4) 0 (0) 11 (52) 0 (0)

Hemoglobin increased 1 (1) 0 (0) 0 (0) 0 (0) 1 (1) 0 (0)

Lymphocyte count decreased 16 (17) 14 (15) 3 (14) 11 (52) 13 (19) 3 (4)

Lymphocyte count increased 1 (1) 0 (0) 1 (5) 0 (0) 0 (0) 0 (0)

Neutrophil count decreased 15 (16) 66 (70) 6 (29) 12 (57) 9 (12) 54 (74)

Platelet count decreased 4 (4) 4 (4) 3 (14) 3 (14) 1 (1) 1 (1)

WBC decreased 40 (43) 18 (19) 4 (19) 13 (62) 36 (49) 5 (7)

Blood and lymphatic system disorders

Febrile neutropenia 8 (9) 0 (0) 2 (10) 0 (0) 6 (8) 0 (0)

Cardiac disorders

Chest pain 1 (1) 0 (0) 1 (5) 0 (0) 0 (0) 0 (0)

GI disorders

Abdominal pain 1 (1) 0 (0) 0 (0) 0 (0) 1 (1) 0 (0)

Colitis 1 (1) 0 (0) 0 (0) 0 (0) 1 (1) 0 (0)

Constipation 2 (2) 0 (0) 1 (5) 0 (0) 1 (1) 0 (0)

Diarrhea 2 (2) 0 (0) 1 (5) 0 (0) 1 (1) 0 (0)

Oral mucositis 2 (2) 0 (0) 2 (10) 0 (0) 0 (0) 0 (0)

Nausea 2 (2) 0 (0) 1 (5) 0 (0) 1 (1) 0 (0)

Vomiting 1 (1) 0 (0) 1 (5) 0 (0) 0 (0) 0 (0)

General disorders/administration site
conditions

Fatigue 2 (2) 0 (0) 1 (5) 0 (0) 1 (1) 0 (0)

Immune system disorders

Cytokine release syndrome 1 (1) 0 (0) 1 (5) 0 (0) 0 (0) 0 (0)

Infections

Sepsis 0 (0) 1 (1) 0 (0) 1 (5) 0 (0) 0 (0)

Upper respiratory infection 2 (2) 0 (0) 1 (5) 0 (0) 1 (1) 0 (0)

Investigations

ALT increased 2 (2) 0 (0) 0 (0) 0 (0) 2 (3) 0 (0)

(continued on following page)
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TABLE 2. Worst-Grade Adverse Events Regardless of Attribution (continued)

Adverse Event

All Evaluable Patients (N 5 94)
Patients with PET21 ABVD 3 2 1 escBEACOPP 1

Radiation (n 5 21) Patients with PET22 ABVD 3 6 (n 5 73)

Grade 3 (severe),
No. (%)

Grade 4 (life-threatening),
No. (%)

Grade 3 (severe),
No. (%)

Grade 4 (life-threatening),
No. (%)

Grade 3 (severe),
No. (%)

Grade 4 (life-threatening),
No. (%)

Alkaline phosphatase increased 1 (1) 0 (0) 0 (0) 0 (0) 1 (1) 0 (0)

Weight gain 6 (6) 0 (0) 1 (5) 0 (0) 4 (5) 0 (0)

Metabolism and nutrition disorders

Hypokalemia 1 (1) 0 (0) 1 (5) 0 (0) 0 (0) 0 (0)

Hypomagnesemia 0 (0) 1 (1) 0 (0) 0 (0) 0 (0) 1 (1)

Hyponatremia 1 (1) 0 (0) 1 (5) 0 (0) 0 (0) 0 (0)

Hypophosphatemia 1 (1) 0 (0) 1 (5) 0 (0) 0 (0) 0 (0)

Musculoskeletal and connective

Bone pain 1 (1) 0 (0) 0 (0) 0 (0) 1 (1) 0 (0)

Joint effusion 1 (1) 0 (0) 1 (5) 0 (0) 0 (0) 0 (0)

Other 1 (1) 0 (0) 0 (0) 0 (0) 1 (1) 0 (0)

Nervous system disorders

Headache 2 (2) 0 (0) 0 (0) 0 (0) 2 (3) 0 (0)

Peripheral sensory neuropathy 2 (2) 0 (0) 0 (0) 0 (0) 2 (3) 0 (0)

Seizure 1 (1) 0 (0) 0 (0) 0 (0) 1 (1) 0 (0)

Psychiatric disorders

Anxiety 1 (1) 0 (0) 0 (0) 0 (0) 1 (1) 0 (0)

Insomnia 1 (1) 0 (0) 0 (0) 0 (0) 1 (1) 0 (0)

Reproductive system/breast

Irregular menstruation 1 (1) 0 (0) 1 (5) 0 (0) 0 (0) 0 (0)

Respiratory, thoracic, mediastinal
disorders

Cough 2 (2) 0 (0) 0 (0) 0 (0) 2 (3) 0 (0)

Dyspnea 2 (2) 0 (0) 0 (0) 0 (0) 2 (3) 0 (0)

Hiccups 1 (1) 0 (0) 0 (0) 0 (0) 1 (1) 0 (0)

Hypoxia 1 (1) 0 (0) 0 (0) 0 (0) 1 (1) 0 (0)

Pneumonitis 1 (1) 0 (0) 0 (0) 0 (0) 1 (1) 0 (0)

Skin and subcutaneous tissue

Skin ulceration 1 (1) 0 (0) 0 (0) 0 (0) 1 (1) 0 (0)

(continued on following page)
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TABLE 2. Worst-Grade Adverse Events Regardless of Attribution (continued)

Adverse Event

All Evaluable Patients (N 5 94)
Patients with PET21 ABVD 3 2 1 escBEACOPP 1

Radiation (n 5 21) Patients with PET22 ABVD 3 6 (n 5 73)

Grade 3 (severe),
No. (%)

Grade 4 (life-threatening),
No. (%)

Grade 3 (severe),
No. (%)

Grade 4 (life-threatening),
No. (%)

Grade 3 (severe),
No. (%)

Grade 4 (life-threatening),
No. (%)

Vascular disorders

Hypertension 3 (3) 0 (0) 0 (0) 0 (0) 3 (4) 0 (0)

Hypotension 1 (1) 0 (0) 1 (5) 0 (0) 0 (0) 0 (0)

Thromboembolic event 1 (1) 0 (0) 0 (0) 0 (0) 1 (1) 0 (0)

Abbreviations: ABVD, doxorubicin, bleomycin, vinblastine, and dacarbazine; escBEACOPP, bleomycin, etoposide, doxorubicin, cyclophosphamide, vincristine, procarbazine, and prednisone; PET2,
positron emission tomography after two cycles of chemotherapy.
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scan (n 5 22) had inferior PFS compared with the 113
patients with score 1-2, with a 3-year PFS rate of 77% versus
94%, respectively. In our study, patients with a 5 PS score of 3

did not have an inferior PFS compared with those with a score
of 1-2. Possible explanations for the difference seen for pa-
tients with PET21 in these two studies include small sample
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size or possibly the use of four versus two cycles of escalated
BEACOPP in the current study.

Our study has several limitations. The trial was amoderately sized
phase II study, and patients were not randomly assigned to
standard therapy compared with a PET-adapted approach. In
addition, the number of patients with PET21 after two cycles of
ABVD (n5 21) was small. Allowing patients who initiated up to
one full cycle of ABVD before enrolling, however, may have
reduced selection bias andallowed for patientswith symptomatic
disease needing urgent therapy to participate in the study.

Given that more than half of the patients with bulky medi-
astinal disease treated in the trial were women and the
median age was 30 years, a PET-adapted approach with
omission of radiotherapy in interim negative patients is ap-
pealing. More than 70% of evaluable patients (69 patients
with PET22 who did not relapse) were not exposed to ra-
diotherapy, escBEACOPP, or high-dose chemotherapy.
Modern radiotherapy techniques with lower doses, smaller
fields, and higher precision in targeting disease and avoiding
surrounding tissue are likely to reduce late morbidity and
mortality. The extent of reduction in toxicity, however, will
take many years to fully assess. In an analysis of more than
3,900 patients with cHL followed for a median of 19.1 years,
the cumulative incidence of a second cancer at 40 years was
48.5%.15 In addition, the risk of second solid cancers did not
decrease when comparing patients treated between 1965
and 1988 comparedwith patients treated between 1989 and
2000, despite significant decreases in both dose and extent
of radiotherapy in the later era. With regard to cardiovascular
risk, the cumulative risk of cardiovascular disease was 50%
at 40 years in a cohort of 2,524 cHL survivors.16 For patients
treated with mediastinal radiotherapy, the risk was 2.7-fold
for coronary disease, 6.6-fold for valvular disease, and 2.7-
fold for heart failure. Proton therapy may mitigate risk, al-
though further study is necessary.17

Varying approaches to balancing the risks and benefits of
therapy have been used with consideration of the number of
cycles and intensity of chemotherapy, the use of radio-
therapy, and the risk of recurrence with need for stem-cell
transplantation. In our study and the unfavorable arm of
H10, using interim PET-adapted therapy, 22% and 25% of
patients, respectively, required escalation to BEACOPP (four
cycles 50801 and two cycles H10) and involved-field ra-
diotherapy, with similar PFS rates of approximately 90% at 3
and 5 years. In HD17, using positive end-of-treatment PET
threshold after two cycles of escBEACOPP and two cycles of
ABVD of $ 3 (32% of patients), the 5-year PFS rate was

96.5% without radiotherapy. The outcome of patients with
bulky disease was not specifically reported in H10 or HD17.

With the approval of the highly active agents brentuximab
vedotin and programed cell death protein 1 inhibitors
(pembrolizumab and nivolumab), recent and ongoing clinical
trials have incorporated these agents in the upfront setting in
both advanced-stage and limited-stage cHL. ECHELON-1
(brentuximab vedotin plus doxorubicin, vinblastine, and
dacarbazine [BV-AVD] compared with ABVD) and the on-
going North American Intergroup study comparing BV-AVD to
nivolumab plus AVD in patients with stage III/IV disease are
not PET-adapted.18 Kumar et al19 recently published their
results in early-stage unfavorable patients, including those
with bulky disease. One hundred seventeen patients who
were PET-negative after four cycles of BV-AVD were treated in
sequential cohorts with 30 Gy involved-site radiotherapy,
20 Gy involved-site radiotherapy, 30 Gy consolidation volume
radiotherapy, and no radiotherapy. Overall, the 2-year PFS
rate was 94% without significant difference among the four
cohorts. Bulky disease in this study was defined as. 7 cm, as
opposed to 10 cmor.1/3 themaximal intrathoracic diameter
in our study, thus affecting comparison of the trials.

In this study, the first to our knowledge focused exclusively
on patients with early-stage bulky cHL who are particularly
vulnerable to the late effects of radiotherapy, the outcome
of both patients with PET22 and patients with PET21 was
excellent. The study met its primary goal and the data have
important implications for clinical practice. The majority of
patients received ABVD only, an inexpensive and well-
tolerated regimen with very low risk of late effects. Our
study was initiated before publication of the RATHL study,
but elimination of bleomycin in patients with bulky early-
stage cHL with PET2– disease is appropriate. The majority
of patients with PET21 remained disease-free without the
need for high-dose chemotherapy with autologous stem-
cell transplant. Future studies should focus on incorpo-
rating novel agents in early-stage patients who are unlikely
to achieve durable remissions with chemotherapy alone
and reduce exposure to regimens such as escBEACOPP,
which may have negative impact on fertility and bone
marrow stem cells. Moving beyond using the 5-point scale
to assess response to minimize the risk of false-positive
PET, particularly in patients with bulky disease, by in-
corporating novel imaging strategies, such as changes
in total metabolic tumor volume, and using cell-free
DNA, may allow for better risk-adapted approaches to
maximize cure.

AFFILIATIONS
1Dana-Farber Cancer Institute, Boston, MA
2Alliance Statistics and Data Management Center, Mayo Clinic,
Rochester, MN
3Alliance Statistics and Data Management Center, The Ohio State
University, Columbus, OH

4University of Virginia, Charlottesville, VA
5Memorial Sloan Kettering Cancer Center, New York, NY
6Wake Forest University Health Sciences, Winston-Salem, NC
7State University of New York Upstate Medical University Syracuse-
Health Science Center, Syracuse, NY
8Scientific Advisor, Lymphoma Research Foundation, New York, NY
9Washington University School of Medicine, St Louis, MO

Journal of Clinical Oncology 1033

PET-Adapted Therapy in Bulky Stage I/II Classic Hodgkin Lymphoma



10Massachusetts General Hospital Cancer Center, Boston, MA
11The Ohio State University, Columbus, OH
12Weill Medical College of Cornell University, New York, NY

CORRESPONDING AUTHOR
Ann S. LaCasce, MD, Dana-Farber Cancer Institute, 450 Brookline
Ave, Boston, MA 02215; Twitter: @DrLaCasce;
e-mail: ann_lacasce@dfci.harvard.edu.

DISCLAIMER
The content is solely the responsibility of the authors and does not
necessarily represent the official views of the National Institutes of
Health. https://acknowledgements.alliancefound.org.

PRIOR PRESENTATION
Presented at ASCO, virtual, June 4-8, 2021; and the International
Conference on Malignant Lymphoma, virtual, June 18-22, 2021.

SUPPORT
Supported by the National Cancer Institute of the National Institutes of
Health under Award Numbers U10CA180821, U10CA180882 (to the
Alliance for Clinical Trials in Oncology), and U24 CA196171.

CLINICAL TRIAL INFORMATION
NCT01118026

AUTHORS’ DISCLOSURES OF POTENTIAL CONFLICTS OF
INTEREST
Disclosures provided by the authors are available with this article at DOI
https://doi.org/10.1200/JCO.22.00947.

AUTHOR CONTRIBUTIONS
Conception and design: Ann S. LaCasce, Travis Dockter, Lale Kostakoglu,
Bruce Cheson, Nina Wagner-Johnston, John P. Leonard, Nancy L.
Bartlett
Provision of study materials or patients: Lale Kostakoglu, Bruce Cheson,
Nina Wagner-Johnston, Jeremy Abramson, Kristie Blum
Collection and assembly of data: Ann S. LaCasce, Travis Dockter, Lale
Kostakoglu, Eric Hsi, Jeremy Abramson, Kristie Blum, Nancy L. Bartlett
Data analysis and interpretation: Ann S. LaCasce, Travis Dockter, Amy S.
Ruppert, Lale Kostakoglu, Heiko Schöder, Jeffrey Bogart, Bruce Cheson,
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