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abstract

PURPOSE Combined-modality treatment (CMT) with 23 ABVD (doxorubicin, bleomycin, vinblastine, and
dacarbazine) and small-field radiotherapy is standard of care for patients with early-stage favorable Hodgkin
lymphoma (HL). However, the role of radiotherapy has been challenged. Positron emission tomography (PET)
after 23 ABVD (PET-2) might help to predict individual outcomes and guide treatment.

METHODS Between November 2009 and December 2015, we recruited patients age 18 to 75 years with newly
diagnosed, early-stage favorable HL for this international randomized phase III trial. Patients were assigned to
standard CMT of 23 ABVD and 20-Gy involved-field radiotherapy or PET-guided treatment, omitting involved-
field radiotherapy after negative PET-2 (Deauville score , 3). Primary objectives were to exclude inferiority of
10% or more in 5-year progression-free survival (PFS) of ABVD alone compared with CMT in a per-protocol
analysis among PET-2–negative patients (noninferiority margin for hazard ratio, 3.01) and to confirm PET-2
positivity (Deauville score $ 3) as a risk factor for PFS among CMT-treated patients.

RESULTS We enrolled 1,150 patients. Median follow-up was 45 months. Among 628 PET-2–negative, per-
protocol–treated patients, 5-year PFS was 93.4% (95% CI, 90.4% to 96.5%) with CMT and 86.1% (95% CI,
81.4% to 90.9%) with ABVD (difference 7.3% [95% CI, 1.6% to 13.0%]; hazard ratio, 1.78 [95% CI, 1.02 to
3.12]). Five-year overall survival was 98.1% (95% CI, 96.5% to 99.8%) with CMT and 98.4% (95% CI, 96.5% to
100.0%) with ABVD. Among 693 patients who were assigned to CMT, 5-year PFS was 93.2% (95% CI, 90.2%
to 96.2%) among PET-2–negative patients and 88.4% (95% CI, 84.2% to 92.6%) in PET-2–positive patients
(P = .047). When using the more common liver cutoff (Deauville score, 4) for PET-2 positivity, the difference was
more pronounced (5-year PFS, 93.1% [95% CI, 90.7% to 95.5%] v 80.9% [95% CI, 72.2% to 89.7%];
P = .0011).

CONCLUSION In early-stage favorable HL, a positive PET after two cycles ABVD indicates a high risk for treatment
failure, particularly when a Deauville score of 4 is used as a cutoff for positivity. In PET-2–negative patients,
radiotherapy cannot be omitted from CMT without clinically relevant loss of tumor control.

J Clin Oncol 37:2835-2845. © 2019 by American Society of Clinical Oncology

INTRODUCTION

Hodgkin lymphoma (HL) is one of the best-curable
cancers in adults today. This is especially true for
patients with early-stage favorable disease for which
more than 90% of all patients achieve long-term re-
mission with first-line therapy.1-3 Treatment intensity
for these patients has been substantially reduced
over the last decades in terms of both chemotherapy

and radiotherapy. To date, two cycles of doxorubicin,
bleomycin, vinblastine, and dacarbazine (ABVD), fol-
lowed by 20-Gy involved-site radiotherapy, are con-
sidered the standard of care.

Despite the limited amount of therapy needed to
achieve these high cure rates, there is still concern
over late adverse effects, including second malignant
neoplasms (SMNs)4,5 and organ toxicity.6-8 Assuming
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that the combination of chemotherapy and radiotherapy is
more harmful than chemotherapy alone, several trials
addressed the impact of omitting radiotherapy with the use
of positron emission tomography (PET), which is consid-
ered a useful tool for identifying patients who are at low risk
for disease recurrence.9,10 HD16 is a randomized trial
comparing combined-modality therapy (CMT) with che-
motherapy alone in terms of progression-free survival (PFS)
for those patients who have a negative PET scan after two
cycles of ABVD. The second goal of our trial was to analyze
whether a positive PET scan after two cycles of ABVD is
a risk factor for PFS among patients who are treated with
both modalities. Here, we describe the results of the
German Hodgkin Study Group (GHSG) HD16 trial.

METHODS

Study Design and Patients

This multicenter, international, randomized phase III trial
was conducted across 250 sites in Germany, Switzerland,
Austria, and the Netherlands. The trial was designed by the
GHSG steering committee and approved by the responsi-
ble ethics committees. We recruited patients age 18 to
75 years with newly diagnosed, histology-proven classic HL
in clinical stages I or II, or nodular lymphocyte-predominant
HL in Ann Arbor stage IB, IIA, or IIB, without any of the
following risk factors: large mediastinal mass (one third or
more of the maximal thoracic diameter), extranodal lesions,
elevated erythrocyte sedimentation rate ($ 50 mm/h
without B symptoms, $ 30 mm/h with B symptoms), or
three or more involved nodal areas. Diagnostic histology
samples were reassessed by at least one of a panel of six
lymphoma expert pathologists. Other inclusion criteria are
provided in the Data Supplement. All patients provided
written informed consent before study entry according to
the Good Clinical Practice guidelines of the International
Conference on Harmonization.

Random Assignment

Before starting treatment, patients were centrally randomly
assigned (1:1) between two parallel treatment groups:
CMT that consisted of two cycles of ABVD and involved-
field radiotherapy (IFRT) at 20 Gy, or PET-guided treat-
ment that consisted of two cycles of ABVD for all patients
and IFRT 20 Gy only for those patients with positive PET
after two chemotherapy cycles (PET-2) by central review.
Randomization was stratified according to center, age
(, 45 v$ 45 years), sex, B symptoms, disease localization
(supradiaphragmatic v infradiaphragmatic), albumin level
(, 4 g/dL v $ 4 g/dL), and presence versus absence of
initial bulk (, 5 cm v$ 5 cm in largest diameter). Patients
and investigators were masked to treatment allocation until
central review of PET-2 was completed.

Procedures

Procedures are described in the Data Supplement. ABVD
was administered as previously described.11 PET-2 was

performed between day 22 and day 35 of the second ABVD
cycle and centrally reviewed by a multidisciplinary panel of
experts masked to treatment group allocation. PET-2 was
rated according to the Deauville score (DS) using the
mediastinal blood pool as cutoff for PET positivity (DS
$ 3).12 Patients with progressive disease were taken off
study treatment. IFRT was centrally planned on the basis of
initial staging imaging, and initial staging was revised if
necessary. An independent data-monitoring board reviewed
data on a regular basis and agreed with the timing and
content of this analysis.

Outcomes

Primary end point was PFS, which was defined as the
time from completion of staging until disease progression
(within 3 months after the end of treatment), relapse, or
death from any cause. If none of these events occurred,
PFS was censored at the date of last information on
disease status. Secondary end points were overall survival
(OS), which was defined as the time from completion of
staging until death from any cause or censored at the date
of last information on the patient being alive, the pro-
portion of patients with a negative PET-2, as well as the
occurrence of SMNs.

Statistical Analysis

The current study had two independent objectives. The
primary objective was to show noninferiority of treat-
ment with ABVD alone compared with standard CMT in
terms of PFS among PET-2–negative patients. Clinically
relevant inferiority was defined as a hazard ratio (HR)
of 3.01 or more on the basis of an absolute difference
of 10% in 5-year PFS rates while assuming a 5-year
PFS of 94.6% in the PET-2–negative CMT group (Data
Supplement).

The second objective of the study was to assess the
prognostic impact of PET-2 among patients who were
assigned to CMT. Only patients with a valid PET-2 result
who were assigned to receive CMT were to be analyzed—
that is, PET-2–positive patients from both arms and PET-
2–negative patients from the CMT arm.

We compared time-to-event end points using the Kaplan-
Meier method, including HRs and 95% CIs. To assess
whether the prognostic impact of PET-2 is independent
from baseline factors, we performed sensitivity analyses for
the comparison of PET-2–negative and PET-2–positive
patients that included all stratification factors (except for
center) in the Cox proportional hazards regression model.
Cumulative SMN incidence was estimated according to the
Kaplan-Meier method, accounting for death as a compet-
ing risk, and compared between treatment groups using
subdistribution HRs. Other secondary end points were
analyzed by means of descriptive statistics, with P values
resulting from Fisher’s exact test where applicable. Non-
inferiority test was primarily performed in the per-protocol
population, excluding all patients with severe protocol
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deviations, as this was considered the most conservative
analysis for noninferiority objectives in the trial protocol.
Sensitivity analyses and all other analyses were performed
according to the intention-to-treat (ITT) principle; however,
all patients who dropped out before central review of PET-2
were excluded from all analyses regarding the main ob-
jectives of the trial (ITTPET population). We used SAS (SAS/

STATUser’s Guide, Version 9.4; SAS Institute, Cary, NC) for
all analyses.

RESULTS

We enrolled 1,150 patients—575 per arm—between
November 25, 2009, and December 29, 2015. A total of

Patients randomly assigned

(November 25, 2009 to December 29, 2015; N = 1,150)

Assigned to combined-modality treatment

(n = 575)

Assigned to PET-2–guided treatment

(n = 575)

Intention-to-treat population

(n = 573)

Regular PET-2

(n = 501)

Regular PET-2

(n = 506)

Intention-to-treat population

(n = 566)

Excluded from intention-to-treat population (n = 11)
     Hodgkin lymphoma diagnosis disconfirmation (n = 10)
     Withdrew consent (n = 1)

Without regular PET-2 (n = 132)
     Staging revision (n = 100)
     Violation of other inclusion criteria (n = 10)
     PET-2 too early (n = 8)
     Patient wish (n = 4)
     No PET-2 for other reasons (n = 4)
     Withdrew consent (n = 2)
     Independent disease entity (n = 2)
     Inadequate response (n = 1)
     Treatment in nontrial center (n = 1)

Excluded from per-protocol
    population

(n = 14)

     Patient wish (n = 7)

     Missing documentation  (n = 7)

Excluded from per-protocol
    population

     Withdrew consent

     Inadequate response

     Treatment in nontrial center

     Missing documentation

(n = 4)

(n = 1)

(n = 1)

(n = 1)

(n = 1)

Excluded from per-protocol
    population

(n = 12)

(n = 1)

     Inadequate response (n = 3)

(n = 2)

     Missing documentation (n = 2)

     Treatment in nontrial center (n = 3)

(n = 1)

     Patient wish

     Protocol violation

     Noncompliance

Excluded from per-protocol
    population

(n = 25)

(n = 18)

(n = 2)

     Missing documentation (n = 2)

     Treatment in nontrial center (n = 3)

     Patient wish

     Withdrew consent

Positive PET-2

(n = 192)

Negative PET-2

(n = 314)

Negative PET-2

(n = 353)

Positive PET-2

(n = 148)

Per-protocol population

(n = 328)

Per-protocol population

(n = 136)

Per-protocol population

(n = 300)

Per-protocol population

(n = 188)

FIG 1. CONSORT diagram. Intention-to-treat population is defined as the set of all randomly assigned patients, except for those with disconfirmed diagnosis of
Hodgkin lymphoma or withdrawal of trial consent, including anonymization of all study documents. Per-protocol population contains all intention-to-treat
patients without severe protocol deviation, having a regular PET-2 (positron emission tomography after two cycles of chemotherapy) result and complete
therapy documentation or progressive disease or death during therapy.
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11 patients were excluded from the ITT population as
a result of disconfirmation of their HL diagnosis by pa-
thology review (n = 10) or withdrawal of consent before
starting treatment (n = 1; Fig 1). Another 132 patients
(12%) dropped out before central review of PET-2, mainly
because of a revision of the initial stage (n = 100). Thus,
centrally reviewed PET-2 was available for 1,007 patients
and was positive in 340 (34%), with DS 3 in 218 (22%)
and DS 4 in 122 patients (12%). There was no docu-
mented case of DS 5.

Another 43 patients—4% of those with PET-2—dropped
out after central PET review. The main reason for this was
patients’wishes: 18 (5%) of 353 PET-2–negative patients in
the CMT group refused to receive IFRT, whereas seven
(2%) of 314 PET-2–negative patients in the PET-stratified
group requested IFRT. Excluding another 12 patients with

insufficient documentation, the per-protocol population
was composed of 952 patients (83%; Fig 1).

Patient characteristics for the ITT population were similar
between randomized treatment groups (Data Supplement).
Median age was 39 years (range, 18 to 75 years), 120
patients (11%) were age 60 years or older, and 654 patients
(57%) were male.

Protocol adherence for ABVD was good with a mean rel-
ative dose delivery of 98% (6 10%) and a mean delay of
3 days (6 5 days). Acute toxicity of Common Terminology
Criteria for Adverse Events grades 3 or 4 was documented
for 282 (26%) of 1,083 patients with available documen-
tation. Most frequent toxicities were leukopenia (n = 203
[19%]) and nausea/vomiting (n = 47 [4%]). Respiratory
tract disorders occurred in 22 patients (2%). IFRT was
administered with a mean dose of 20 Gy (6 1 Gy). Acute

TABLE 1. Baseline Characteristics of the PET-2–Negative Per-Protocol Population
Characteristic 23 ABVD + 20 Gy IFRT (n = 328) 23 ABVD (n = 300) Total (N = 628)

Age, years

Median (range) 39 (18-75) 39 (18-75) 39 (18-75)

18-59 294 (90) 261 (87) 555 (88)

60-75 34 (10) 39 (13) 73 (12)

Sex

Female 138 (42) 132 (44) 270 (43)

Male 190 (58) 168 (56) 358 (57)

Ann Arbor stage

IA 105 (32) 94 (31) 199 (32)

IB 16 (5) 16 (5) 32 (5)

IIA 191 (58) 175 (58) 366 (58)

IIB 16 (5) 15 (5) 31 (5)

ECOG performance status

0 307 (94) 276 (92) 583 (93)

1 20 (6) 24 (8) 44 (7)

2 1 (, 1) 0 1 (, 1)

Disease characteristics

Albumin , 4 g/dL 57 (17) 58 (19) 115 (18)

Infradiaphragmatic disease 39 (12) 36 (12) 75 (12)

Bulky disease 59 (18) 54 (18) 113 (18)

Histologic subtype

Nodular sclerosis cHL 88/237 (37) 64/206 (31) 152/443 (34)

Mixed cellularity cHL 74/237 (31) 75/206 (36) 149/443 (34)

Lymphocyte-rich cHL 35/237 (15) 31/206 (15) 66/443 (15)

Lymphocyte-depleted cHL 2/237 (1) 0/206 2/443 (, 1)

cHL, not otherwise specified 19/237 (8) 15/206 (7) 34/443 (8)

Nodular lymphocyte-predominant HL 19/237 (8) 21/206 (10) 40/443 (9)

NOTE. Data are presented as No. (%) or n/total (%), unless otherwise indicated.
Abbreviations: ABVD, doxorubicin, bleomycin, vinblastine, and dacarbazine; cHL, classic Hodgkin lymphoma; ECOG, Eastern Cooperative

Oncology Group; HL, Hodgkin lymphoma; IFRT, involved-field radiotherapy; PET-2, positron emission tomography after two cycles of
chemotherapy.
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radiotherapy toxicity of Common Terminology Criteria for
Adverse Events grade 3 was reported for 19 (3%) of 659
patients with available documentation. Most frequently
observed toxicities were dysphagia (n = 9 [1%]) and
mucositis (n = 5 [1%]). No grade 4 toxicities occurred.

A total of 628 PET-2–negative patients were eligible for
the per-protocol noninferiority analysis—328 received
CMT and 300 had ABVD alone. Patient characteristics
were similar between groups (Table 1). With a median
follow-up of 47 months, one patient experienced disease
progression, 43 cases of relapse, and eight deaths without

prior disease recurrence occurred. Four patients died after
experiencing progression or relapse (Table 2). SMNs were
reported for 24 patients. Corresponding 5-year cumulative
incidences did not differ between the CMT and ABVD
groups (subdistribution HR, 0.78 [95% CI, 0.35 to 1.75];
P = .54; Table 2). PFS at 5 years was 93.4% (95%CI, 90.4%
to 96.5%) in the CMT group and 86.1% (95% CI, 81.4% to
90.9%) in the ABVD group (Fig 2A). The 95% CI for the HR
of 1.78 ranged from 1.02 to 3.12 and included the pre-
defined noninferiority margin of 3.01. PFS difference pri-
marily resulted from a significant increase in disease

TABLE 2. Outcomes of the PET-2–Negative Per-Protocol Population
Outcome 23 ABVD + 20 Gy IFRT (n = 328) 23 ABVD (n = 300)

Median observation time, months (IQR)

For disease status 47 (30-65) 46 (30-63)

For survival status 51 (34-66) 48 (32-64)

Tumor event

Progression 0 1 (, 1)

Early relapse (within 1 year after treatment) 2 (1) 9 (3)

Late relapse 13 (4) 19 (6)

Any tumor event 15 (5) 29 (10)

Second-line therapy

HDCT and ASCT 7 (2) 12 (4)

DHAP or ICE without HDCT/ASCT 2 (1) 0

Other chemotherapy with or without radiotherapy 3 (1) 6 (2)

Radiotherapy only 1 (, 1) 6 (2)

Antibody therapy 0 1 (, 1)

Relapse, but no second-line therapy 1 (, 1) 0

Unknown second-line therapy 1 (, 1) 4 (1)

Cause of death

Hodgkin lymphoma 1 (, 1) 0

SMN 4 (1) 0

Other disease* 1 (, 1) 2 (1)

Accident 0 1 (, 1)

Unclear 3 (1) 0

Any event 9 (3) 3 (1)

SMN

Acute myeloid leukemia or myelodysplastic syndrome 0 1 (, 1)

Non-Hodgkin lymphoma 2 (1) 0

Solid tumor 12 (4) 9 (3)

Any event 14 (4) 10 (3)

5-year cumulative incidence estimate, % (95% CI)† 5.6 (2.3 to 9.0) 4.6 (1.4 to 7.9)

NOTE. Data are presented as No. (%), unless otherwise noted.
Abbreviations: ABVD, doxorubicin, bleomycin, vinblastine, and dacarbazine; ASCT, autologous stem-cell transplantation; DHAP,

dexamethasone, cytarabine, and cisplatin; HDCT, high-dose chemotherapy; ICE, ifosfamide, carboplatin, and etoposide; IFRT, involved-field
radiotherapy; PET-2, positron emission tomography after two cycles of chemotherapy; SMN, second malignant neoplasm.

*Including cardiovascular disease (n = 2), and other, nonspecified disease (n = 1).
†Accounting for death as a competing risk.
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recurrences within the hypothetical radiation field without
IFRT (in-field recurrence rate, 2% v 9%; P = .0003),
whereas there was no relevant difference regarding out-
field recurrences (4% v 5%; P = .55). Most patients re-
ceived high-dose chemotherapy and autologous stem-cell
transplantation for treatment of progression or relapse
(Table 2). Results for the ITTPET population were largely
similar (HR, 1.69 [95% CI, 0.98 to 2.90]; Data Supple-
ment), but 95% CI for HR excluded the noninferiority
margin. This divergence is based on two additional PFS
events in the ITTPET population, which were both in-field
relapses in patients from the CMT group who dropped out
of the per-protocol population as a result of IFRT refusal.
Another sensitivity analysis was performed in the subgroup
of patients with nonbulky stage IA or IIA disease with
concordant results (HR, 2.88 [95% CI, 1.38 to 6.00]; Data
Supplement).

OS was 98.1% (95% CI, 96.5% to 99.8%) with CMT and
98.4% (95% CI, 96.5% to 100.0%) with ABVD at 5 years
(Fig 2B). PFS and OS comparisons between randomized
treatment groups in the full ITT population (N = 1,139) are
provided in the Data Supplement.

A total of 693 patients were assigned to receive IFRT after
a negative (n = 353) or positive (n = 340) PET-2 and were
thus eligible for analysis of the PET objective. Initial stage II
and bulky disease were more frequent among patients with
positive PET-2 (P , .001 each; Table 3). With median
follow-up of 46 months, six patients experienced disease
progression. There were 41 relapses and nine deaths
without prior disease recurrence, and eight patients died
after experiencing progression or relapse (Table 4). PFS at
5 years was 93.2% (95% CI, 90.2% to 96.2%) in the PET-
2–negative subgroup and 88.4% (95% CI, 84.2% to
92.6%) in the PET-2–positive subgroup (HR, 1.71 [95%CI,
1.00 to 2.93]; P = .047). Sensitivity analysis adjusting for

stratification factors led to similar, but nonsignificant results
(HR, 1.73 [95% CI, 0.99% to 3.02%]; P = .055; Fig 3A). OS
was 98.2% (95% CI, 96.7% to 99.8%) in the PET-
2–negative subgroup and 97.9% (95% CI, 95.6% to
100.0%) in the PET-2–positive subgroup at 5 years (P = .55
adjusted for stratification factors; Fig 3B). To assess
whether the prognostic impact of PET-2 would have in-
creased with a different cutoff, we repeated the analysis
using themore common cutoff of DS 4 for positivity. Of note,
all six primary progressions observed among CMT-treated
patients occurred in the DS 4 subgroup. PFS at 5 years was
93.1% (95% CI, 90.7% to 95.5%) in the DS 1 to 3 and
80.9% (95% CI, 72.2% to 89.7%) in the DS 4 subgroup
(HR adjusted for stratification factors, 2.94 [95%CI, 1.63 to
5.31]; P, .001; Fig 3C). Still, there was no difference in OS
(Fig 3D).

DISCUSSION

Two major findings emerge from the GHSG HD16 trial
for patients with newly diagnosed early-stage favorable
HL. First, radiotherapy cannot be omitted from stan-
dard CMT without a relevant loss of tumor control in
patients with negative PET-2. Second, a positive PET
scan after two cycles of ABVD represents a risk factor
for PFS among patients who are treated with standard
CMT, particularly when DS 4 is considered the cutoff for
positivity.

For decades, radiotherapy had been the mainstay of
treatment for patients with early-stage HL.1-3 Over time,
controversial discussions have led to smaller radiation
fields and lower doses.1,2,13,14 With the advent of multiagent
chemotherapy, such as mechlorethamine, vincristine, pro-
carbazine, and prednisone, and ABVD,15 large radiation
fields were replaced by combinations of chemotherapy and
radiotherapy. The GHSG HD7 and EORTC-GELA H8 trials
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FIG 2. Kaplan-Meier estimates for the PET-2 (positron emission tomography after two cycles of chemotherapy) –negative per-protocol population.
(A) Progression-free survival (PFS). (B) Overall survival (OS). ABVD, doxorubicin, bleomycin, vinblastine, and dacarbazine; IFRT, involved-field radiotherapy.
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compared total-lymphoid radiation or extended-field radi-
ation alone with a combined-modality approach including
additional chemotherapy.16,17 Both trials demonstrated sig-
nificantly better outcomes with CMT, which subsequently
became standard of care in early-stage HL.

The GHSG follow-up phase III trial, HD10, addressed the
question of dose de-escalation for both chemotherapy and
radiotherapy, comparing four cycles of ABVD with two
cycles and IFRT 30 Gy with 20 Gy, respectively.11 HD10
demonstrated noninferiority for efficacy for both objec-
tives, whereas there was clearly less toxicity with reduced-
intensity treatment. As a consequence, only two cycles of
ABVD followed by 20 Gy of small-field radiotherapy are
being considered the standard of care for early-stage fa-
vorable HL. However, additional de-escalation of these
genotoxic and thus potentially harmful treatment modalities
remains an important goal. This might be achieved by using
a more individualized treatment approach that requires
reliable identification of patients who are at low risk for
treatment failure. As response assessment during treatment

using metabolic imaging with PET has proven its prognostic
impact in HL, we aimed at an additional reduction of
treatment intensity in early-stage favorable HL using a PET-
guided approach. In contrast to other trials with similar ob-
jectives, we examined a true reduction of treatment burden by
omitting radiotherapy rather than replacing it with more
chemotherapy.

The HD16 trial reported herein enrolled a total of 1,150
patients, of whom 628 were PET negative after two cycles of
ABVD and treated per protocol. Among these, 5-year PFS
was 93.4% (95% CI, 90.4% to 96.5%) in the standard
group treated with CMT compared with 86.1% (95% CI,
81.4% to 90.9%) for the experimental group receiving
ABVD alone. We thus clearly missed our primary goal of
showing noninferiority of the PET-2–guided omission of
radiotherapy.

This finding is in line with previously reported trials for PET-
guided treatment in early-stage HL. In the United Kingdom
RAPID trial (ClinicalTrials.gov identifier: NCT00943423),
571 patients underwent PETwith 75%becomingPET-negative

TABLE 3. Baseline Characteristics of PET-2–Negative and PET-2–Positive Patients Assigned to Receive Radiotherapy

Characteristic
Negative PET-2

(DS 1-2; n = 353)
Positive PET-2

(DS 3-4; n = 340) P
DS 1-3

(n = 571)
DS 4

(n = 122) P

Age, years

Median (range) 39 (18-75) 37 (18-75) .031 38 (18-75) 37 (18-74) .25

18-59 319 (90) 311 (91) 515 (90) 115 (94)

60-75 34 (10) 29 (9) 56 (10) 7 (6)

Sex

Female 150 (42) 124 (36) .12 227 (40) 47 (39) .84

Male 203 (58) 216 (64) 344 (60) 75 (61)

Ann Arbor stage

IA 116 (33) 71 (21) .0002 (I v II) 166 (29) 21 (17) .0012 (I v II)

IB 17 (5) 11 (3) 26 (5) 2 (2)

IIA 204 (58) 241 (71) .69 (A v B) 356 (62) 89 (73) .60 (A v B)

IIB 16 (5) 17 (5) 23 (4) 10 (8)

ECOG performance status

0 332 (94) 308 (91) .12 532 (93) 108 (89) .091

1 20 (6) 32 (9) 38 (7) 14 (11)

2 1 (, 1) 0 1 (, 1) 0

Disease characteristics

Albumin , 4 g/dL 59 (17) 62 (18) .62 104 (18) 17 (14) .39

Infradiaphragmatic disease 41 (12) 33 (10) .46 63 (11) 11 (9) .63

Bulky disease 65 (18) 115 (34) , .001 135 (24) 45 (37) .0031

Histologic subtype

Classic Hodgkin lymphoma 237/256 (93) 204/237 (86) .027 369/405 (91) 72/88 (82) .020

Nodular lymphocyte-predominant Hodgkin
lymphoma

19/256 (7) 33/237 (14) 36/405 (9) 16/88 (18)

NOTE. Data are No. (%) or n/total (%), unless otherwise indicated.
Abbreviations: DS, Deauville score; ECOG, Eastern Cooperative Oncology Group; PET-2, positron emission tomography after two cycles of chemotherapy.
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after three cycles of ABVD. Three-year PFS was 97.1% in
patients who received additional radiotherapy (per-protocol
analysis), but only 90.8% among those who received no
additional treatment.18 A larger trial was performed by the
European Organisation for Research and Treatment of
Cancer, Groupe d’Etude des Lymphomes de l’Adulte, and
Fondazione Italiana Linfomi. Their standard consisted of
three cycles of ABVD followed by involved-node radio-
therapy, whereas in the experimental arm PET-2–negative
patients received four cycles of ABVD alone. Five-year PFS
rates among 465 randomized favorable-risk patients with
negative PET were 99% in the standard arm and 87% in the
experimental arm, respectively, with a corresponding HR of
15.8 (95% CI, 3.8 to 66.1).19

Taken together, all three large international randomized
trials in early-stage HL failed to demonstrate noninferiority
of PET-guided omission of radiotherapy in terms of PFS.
However, these trials did not show poorer OS for interim-
PET–negative patients who were treated without radio-
therapy. Effects on OS should be judged with caution, as
follow-up periods in clinical trials usually do not exceed
5 years. Registry data suggest a negative impact of the
chemotherapy-alone treatment strategy in early-stage
HL,20,21 which indicates a meaningful effect of the loss in
PFS observed in our trial. Of importance, patients do not
want to experience relapse or disease progression, as these
are associated with the need for additional, more toxic
treatment as well as social and psychological burdens.22,23

PFS is the most important end point from the patients’

perspective and is thus highly relevant for the interpretation
of trial results.

The fear of using radiotherapy emerged from reports of late
toxicities of radiotherapy techniques used decades ago.4

We assume that the small radiation fields and doses used in
our HD16 trial will induce fewer late adverse events than
those reported in the literature.24,25 However, we cannot
exclude an increased risk for certain late effects, such as
breast cancer in very young women, as the risk for this
specific second malignancy increases with younger age.26

Uncertainty around the risk-to-benefit ratio of the CMT
strategy for individual patients must be addressed in
a shared decision-making process. With regard to the entire
patient population enrolled in the HD16 trial, however, we
feel safe to conclude that the hypothetical benefit of the
chemotherapy-alone treatment strategy does not out-
weigh the immediate loss of tumor control with all its
consequences.

Metabolic response assessment with PET-2 has proven
predictive power in our trial. With standard CMT, 5-year
PFS was 93.1% in the subgroup of patients having DS 1 to
3, but only 80.9% in patients having DS 4. Our study design
did not include treatment intensification in the case of PET-
2 positivity; however, in the EORTC H10 trial, the un-
satisfactory failure rate of PET-2–positive patients could be
reduced significantly by switching to a more intensive
chemotherapy regimen. This observation supports the use
of PET-guided treatment intensification.

There are a number of limitations in HD16 to be addressed.
First, the definition of PET negativity was conservative, with

TABLE 4. Outcomes of PET-2–Negative and PET-2–Positive Patients Assigned to Receive Radiotherapy

Outcome

Negative PET-2 Positive PET-2

DS 1-2 (n = 353) DS 3 (n = 218) DS 4 (n = 122)

Median observation time, months (IQR)

For disease status 47 (30-64) 45 (33-61) 48 (34-61)

For survival status 49 (33-66) 46 (34-62) 50 (34-63)

Tumor event

Progression 0 0 6 (5)

Early relapse (within 1 year after end of treatment) 3 (1) 4 (2) 2 (2)

Late relapse 14 (4) 9 (4) 9 (7)

Any tumor event 17 (5) 13 (6) 17 (14)

Causes of death

Hodgkin lymphoma 1 (, 1) 0 1 (1)

Toxicity of second-line therapy 0 1 (, 1) 0

Second malignant neoplasm 4 (1) 2 (1) 1 (1)

Cardiovascular disease 1 (, 1) 1 (, 1) 0

Unclear 3 (1) 1 (, 1) 1 (1)

Any event 9 (3) 5 (2) 3 (2)

NOTE. Data are presented as No. (%), unless otherwise indicated.
Abbreviations: DS, Deauville score; PET-2, positron emission tomography after two cycles of chemotherapy.
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DS 3 already being considered positive; however, this
definition had no confounding impact on the primary ob-
jective and thus does not interfere with the interpretation of
the trial results. Second, although HD16 is a large, ran-
domized trial, the proportion of PET-2–positive patients
differed by chance between treatment groups, with more
patients in the experimental group having a positive PET-2.
However, our study design, which limits the comparative
analysis to the PET-negative subgroups from each ran-
domization group, addresses this aspect and makes an
influence on our study results unlikely. Finally, we could not
evaluate all potential late effects that might provide
quantifiable information on the advantages of omitting
radiotherapy, because these adverse effects occur 20 years
or more after treatment.

Strengths of our study include the solid study design and
the large number of patients and centers from several
countries contributing, all of which support firm conclu-
sions of the observed effects. Because most participating
centers were private practices or primary care hospitals,
results reflect a real-world setting in high-income countries.

In conclusion, the GHSG HD16 trial demonstrates that PET
after two cycles of ABVD allows for identifying patients who
are at high risk for treatment failure. However, we failed to
meet the primary objective of the trial, as PET-guided
omission of radiotherapy results in poorer tumor control
compared with CMT. We therefore recommend proceeding
with consolidation radiotherapy as a standard of care for
patients achieving a metabolic response after two cycles
of ABVD.
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FIG 3. Kaplan-Meier estimates for PET-2 (positron emission tomography after two cycles of chemotherapy) –negative and PET-2–positive patients assigned to
receive radiotherapy. (A) Progression-free survival (PFS), Deauville score (DS) 1-2 versus DS 3-4. (B) Overall survival (OS), DS 1-2 versus DS 3-4. (C) PFS, DS 1-3
versus DS 4. (D) OS, DS 1-3 versus DS 4. (*) Cox model adjusted for stratification factors age (, 45 years v$ 45 years), sex, B symptoms, disease localization
(supradiaphragmatic v infradiaphragmatic), albumin level (, 4 g/dL v $ 4 g/dL), and bulky disease (, 5 cm v $ 5 cm in largest diameter).
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16. Fermé C, Eghbali H, Meerwaldt JH, et al: Chemotherapy plus involved-field radiation in early-stage Hodgkin’s disease. N Engl J Med 357:1916-1927, 2007

17. Engert A, Franklin J, Eich HT, et al: Two cycles of doxorubicin, bleomycin, vinblastine, and dacarbazine plus extended-field radiotherapy is superior to
radiotherapy alone in early favorable Hodgkin’s lymphoma: Final results of the GHSG HD7 trial. J Clin Oncol 25:3495-3502, 2007

18. Radford J, Illidge T, Counsell N, et al: Results of a trial of PET-directed therapy for early-stage Hodgkin’s lymphoma. N Engl J Med 372:1598-1607, 2015
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