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Definition

Advanced:

NCCN: III / IVGHCG: III / IV (IIB ”bulky” 
or extranodal)

usually sufficient to designate advanced-stage disease, and a BMB is
not required. Patients with a positive BMB generally have other fac-
tors consistent with advanced stage or poor prognosis.49,50 If the scan
is negative, a BMB is indicated to identify involvement by discordant
histology if relevant for a clinical trial or patient management.51

The data in all other lymphoma histologies are insufficient to
change the standard practice, and a 2.5-cm unilateral BMB is recom-
mended, along with immunohistochemistry and flow cytometry.

PROGNOSTIC GROUPS AND TREATMENT ALLOCATION

The increased use of systemic and multimodality approaches has
made Ann Arbor stage less relevant in directing the choice of therapy.
Nevertheless, we recommend a modification of the Ann Arbor classi-
fication (Table 2) for anatomic description of disease extent. However,
regardless of stage, general practice is to treat patients based on limited
(stages I and II, nonbulky) or advanced (stages III or IV) disease, with
stage II bulky disease considered limited or advanced as determined by
histology and a number of prognostic factors. The designation E for
extranodal disease is relevant only for limited extranodal disease in the
absence of nodal involvement (IE) or in patients with stage II disease
and direct extension to a non-nodal site. E is not relevant to patients
with advanced-stage disease.

The Ann Arbor classification subdivides patients according to the
absence (A) or presence (B) of disease-related symptoms. However,
these features are frequently neither recorded nor accurate. Moreover,
in the International Prognostic Index,12 Follicular Lymphoma Inter-
national Prognostic Index,13 Follicular Lymphoma International
Prognostic Index 2,15 Mantle Cell International Prognostic Index,14

and International Prognostic Score,11 constitutional symptoms do not
confer an unfavorable outcome. Thus, only patients with HL need be
assigned the designations A or B because symptoms only direct treat-
ment in that disease.

Summary
Excisional biopsy is preferred for diagnosis, although core-needle

biopsy may suffice when not feasible.
Clinical evaluation includes careful history, relevant laboratory

tests, and recording of disease-related symptoms.
PET-CT is the standard for FDG-avid lymphomas, whereas CT is

indicated for nonavid histologies.
A modified Ann Arbor staging system is recommended; how-

ever, patients are treated according to prognostic and risk factors.
Suffixes A and B are only required for HL.
The designation X for bulky disease is no longer necessary; in-

stead, a recording of the largest tumor diameter is required.
If a PET-CT is performed, a BMB is no longer indicated for HL; a

BMB is only needed for DLBCL if the PET is negative and identifying
a discordant histology is important for patient management.

ASSESSMENT OF RESPONSE AFTER TREATMENT

End-of-treatment assessment is more accurate with PET-CT, espe-
cially for patients with radiologic (CT) CRu or partial response (PR) in
HL, DLBCL, and follicular lymphoma.7,52-55 PET-CT–based criteria
eliminate CRu and improve the prognostic value of PR. In early- and
advanced-stage patients with HL, a negative predictive value of 95% to
100% and positive predictive value of more than 90% have been
reported.56,57 In aggressive NHL, studies have reported a negative
predictive value of 80% to 100% but a lower positive predictive value,
ranging from 50% to 100%.58-61 If further treatment based on residual
metabolically active disease on PET-CT is being considered, either
biopsy or follow-up scan is advised. In these lymphoma subtypes,
response assessment with PET-CT may be preferred.

The IWG criteria for reviewing PET scans were based on visual
interpretation and intended for end-of-treatment evaluation,62 using
mediastinal blood pool as the comparator. The current recommenda-
tion is to use the 5-point scale, both for clinical trials including interim
analysis and for end-of-treatment assessment (Table 3).24 Interim
PET-CT is used to assess early treatment response and, at end of
treatment, to establish remission status. A score of 1 or 2 is considered
to represent complete metabolic response at interim and end of treat-
ment. FDG uptake declines during therapy in chemotherapy-sensitive
disease, and residual FDG uptake higher than normal liver uptake is
frequently seen at interim in patients who achieve complete metabolic
response at the end of treatment. More recent data also suggest that
most patients with uptake higher than mediastinum but less than or
equivalent to liver (score of 3) have good prognosis at the end of
treatment with standard therapy in HL,63 DLBCL,61 and follicular
lymphoma.54 However, in response-adapted trials exploring treat-
ment de-escalation, a more cautious approach may be preferred, judg-
ing a score of 3 to be an inadequate response to avoid undertreatment.
Therefore, interpretation of a score of 3 depends on the timing of
assessment, the clinical context, and the treatment. A score of 4 or 5 at
interim suggests chemotherapy-sensitive disease, provided uptake has
reduced from baseline, and is considered to represent partial meta-
bolic response. At the end of treatment, residual metabolic disease
with a score of 4 or 5 represents treatment failure even if uptake has
reduced from baseline. A score of 4 or 5 with intensity that does not
change or even increases from baseline and/or new foci compatible

Table 2. Revised Staging System for Primary Nodal Lymphomas

Stage Involvement Extranodal (E) Status

Limited
I One node or a group of adjacent

nodes
Single extranodal lesions

without nodal
involvement

II Two or more nodal groups on the
same side of the diaphragm

Stage I or II by nodal
extent with limited
contiguous extranodal
involvement

II bulky! II as above with “bulky” disease Not applicable
Advanced

III Nodes on both sides of the
diaphragm; nodes above the
diaphragm with spleen
involvement

Not applicable

IV Additional noncontiguous
extralymphatic involvement

Not applicable

NOTE. Extent of disease is determined by positron emission tomography–
computed tomography for avid lymphomas and computed tomography for
nonavid histologies. Tonsils, Waldeyer’s ring, and spleen are considered
nodal tissue.

!Whether stage II bulky disease is treated as limited or advanced disease
may be determined by histology and a number of prognostic factors.
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NCCN Clinical Practice Guidelines in Oncology

HODG-A

Risk Factor GHSG EORTC NCCN

Age ≥50
Histology
ESR and B symptoms >50 if A; >30 if B >50 if A; >30 if B >50 or any B symptoms
Mediastinal mass MMR > .33 MTR > .35 MMR > .33
# Nodal sites >2* >3* >3

E lesion any
Bulky >10 cm

MMR = Mediastinal mass ratio, maximum width of mass/maximum 
intrathoracic diameter

MTR = Mediastinal thoracic ratio, maximum width of mediastinal mass/
intrathoracic diameter at T5-6

GHSG = German Hodgkin Study Group
EORTC =  European Organization for the 

Research and Treatment of Cancer

International Prognostic Score (IPS) 1 point per factor 
(advanced disease)†

• Albumin <4 g/dL
• Hemoglobin <10.5 g/dL
• Male
• Age ≥45 years
• Stage IV disease
• Leukocytosis (white blood cell count at least 15,000/mm3)
• Lymphocytopenia (lymphocyte count less than 8% of white 

blood cell count, and/or lymphocyte count less than 600/mm3)

†From: Hasenclever D, Diehl V. A prognostic score for advanced Hodgkin’s 
disease: International Prognostic Factors Project on Advanced Hodgkin’s 
Disease. N Engl J Med 1998;339:1506-1514. Copyright © 1998 
Massachusetts Medical Society. Adapted with permission.

Unfavorable Risk Factors for Stage I-II Classical Hodgkin Lymphoma

Defi nitions of Lymph Node Regions*

Ann Arbor EORTC GHSG

R Cervical/SCL

R ICL/Subpec

R Axilla
L Cervical/SCL
L ICL/Subpec
L Axilla

Mediastinum

R Hilum

L Hilum

Total 9 5 5

*Note that the EORTC includes the infraclavicular/subpectoral area 
with the axilla while the GHSG includes it with the cervical. Both 
EORTC and GHSG combine the mediastinum and bilateral hila as a 
single region.

HODG-14

ooMauch P, Ng A, Aleman B, et al. Report from the Rockefeller Foundation-sponsored International Workshop on reducing mortality and improving quality of 
life in long-term survivors of Hodgkin’s disease: July 9-16, 2003, Bellagio, Italy. Eur J Haematol 2005;75(s66).

ppAppropriate medical management should be instituted for any abnormalities.

• CR should be documented including reversion of PET to "negative" within 3 months following completion of therapy.
• It is recommended that the patient be provided with a treatment summary at the completion of his/her therapy, including details of radiation 

therapy, organs at risk, and cumulative anthracycline dosage given. 
• Follow-up with an oncologist is recommended, especially during the fi rst 5 years after treatment to detect recurrence, and then annually 

due to the risk of late complications including second cancers and cardiovascular disease.oo,pp Late relapse or transformation to large cell 
lymphoma may occur in NLPHL.

• The frequency and types of tests may vary depending on clinical circumstances: age and stage at diagnosis, social habits, treatment 
modality, etc. There are few data to support specifi c recommendations; these represent the range of practice at NCCN Member 
Institutions.

• Interim H&P: Every 3–6 mo for 1–2 y, then every 6–12 mo until year 3, 
then annually 

• Annual infl uenza vaccine 
• Laboratory studies:
!CBC, platelets, ESR (if elevated at time of initial diagnosis), chemistry 

profi le as clinically indicated
!Thyroid-stimulating hormone (TSH) at least annually if RT to neck.

• Acceptable to obtain a neck/chest/abdomen/pelvis CT scan with contrast, 
at 6, 12, and 24 mo following completion of therapy, or as clinically 
indicated. PET/CT only if last PET was Deauville 4-5, to confi rm complete 
response.

• Interim H&P: Annually
!Annual blood pressure, aggressive management of cardiovascular risk 

factors
!Pneumococcal, meningococcal, and H-fl u revaccination after 5–7 y, if 

patient treated with splenic RT or previous splenectomy (according to 
CDC recommendations)

!Annual infl uenza vaccine 
• Cardiovascular symptoms may emerge at a young age.
!Consider stress test/echocardiogram at 10-y intervals after treatment is 

completed. 
!Consider carotid ultrasound at 10-y intervals if neck irradiation.

• Laboratory studies:
!CBC, platelets, chemistry profi le annually
!TSH at least annually if RT to neck
!Biannual lipids 
!Annual fasting glucose

FOLLOW-UP AFTER COMPLETION OF TREATMENT AND MONITORING FOR LATE EFFECTS

Follow-up After Completion of Treatment up to 5 Years

Follow-up and Monitoring After 5 Yearspp,qq

• Counseling: Reproduction, health habits, psychosocial, 
cardiovascular, breast self-exam, skin cancer risk, end-of-
treatment discussion.

• Surveillance PET should not be done routinely due to 
risk for false positives. Management decisions should 
not be based on PET scan alone; clinical or pathologic 
correlation is needed. 

• Annual breast screening: Initiate 8–10 y post-therapy, or at 
age 40, whichever comes fi rst, if chest or axillary radiation. 
The NCCN Hodgkin Lymphoma Guidelines Panel 
recommends breast MRI in addition to mammography 
for women who received irradiation to the chest between 
ages 10–30 y, which is consistent with the American 
Cancer Society (ACS) Guidelines. Consider referral to a 
breast specialist. 

• Perform other routine surveillance tests for cervical, 
colorectal, endometrial, lung, and prostate cancer as per 
the ACS Cancer Screening Guidelines.

• Counseling: Reproduction, health habits, psychosocial, 
cardiovascular, breast self-exam, and skin cancer risk.

• Treatment summary and consideration of transfer to PCP.
• Consider a referral to a survivorship clinic. 

Suspected Relapse CHL (HODG-16*) or 
NLPHL (HODG-17*)

*Available online, in these guidelines, at NCCN.org.
Diefenbach CS. Br J Haematol.2015
Hasenclever D. N Engl J Med. 1998
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serum CD3063,64 and cytokine65,66 levels. Meanwhile,
the proposed prognostic score can be used to estab-
lish enrollment criteria and to describe study popu-
lations as well as to support decisions about treat-
ment in individual patients. 

We are indebted to Oana Brosteanu and Markus Loeffler for their
support, encouragement, and critical review of the manuscript.

APPENDIX
The following persons and institutions or study groups participated in

the International Prognostic Factors Project for Advanced Hodgkin’s Dis-
ease: J. Armitage and M. Bast, Nebraska Lymphoma Study Group, Omaha;
D. Assouline and B. Coiffier, Groupe Lyon, Marseille et St. Etienne, Lyons,
France; M. Björkholm, U. Axdorph, and G. Grimfors, Karolinska Hospital,
Stockholm, Sweden; E. Brusamolino, Istituto di Ematologia, Università di
Pavia, Pavia, Italy; G. Canellos, B. Peterson, G. Petroni, and J. Johnson,
Cancer and Leukemia Group B, United States; P. Carde, M. Henry-Amar,
E. Noordijk, R. Somers, and J. Raemaekers, European Organization for
Research and Treatment of Cancer–Lymphoma Cooperative Group, Eu-
rope; D. Crowther and D. Ryder, Manchester Lymphoma Group, United
Kingdom; D. Cunningham and S. Milan, Royal Marsden Hospital, Sutton,
United Kingdom; V. Diehl and D. Hasenclever, German Hodgkin’s Lym-
phoma Study Group, Germany; H. Eghbali and V. Picot, Institut Bergonié,
Bordeaux, France; C. Fermé and C. Gisselbrecht, Groupe d’Etude des
Lymphomes de l’Adulte, Paris; R. Fisher, Southwest Oncology Group,
United States; J. Glick and D. Harrington, Eastern Cooperative Oncology
Group, United States; B. Glimelius, G. Enblad, and A. Gustavsson, Swed-
ish Lymphoma Study Group, Sweden; P. Gobbi, V. Silingardi, and M. Fe-
derico, Gruppo Italiano per lo Studio dei Linfomi, Italy; H. Holte, Nor-
wegian Radium Hospital, Oslo; S. Horning and J. Allen, Stanford
University, Stanford, Calif.; T.A. Lister, St. Bartholomew’s Hospital, Lon-
don; D. Longo and P. Duffey, National Cancer Institute, Frederick, Md.;
F. Mandelli, A. Anselmo, and C. Cartoni, Università La Sapienza, Rome;
A. Polliack, O. Paltiel, C. Lotan, and B. Uziely, Hadassah University Hos-
pital, Jerusalem, Israel; S. Proctor, P. Taylor, and J. White, Scotland and
Newcastle Lymphoma Group, United Kingdom; L. Specht, University of
Copenhagen, Copenhagen, Denmark; J. Sweetenham and P. Smartt, Uni-
versity of Southampton, Southampton, United Kingdom; G. Hudson,
British National Lymphoma Investigation, United Kingdom.
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Figure 3. Freedom from Progression of Disease in 1618 Patients According to Whether the Prognostic
Score Was 0 to 2 or 3 or Higher.
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Figure 3. Forest plot of comparison: 1 Analysis of Overall Survival, outcome: 1.1 OS - all - same
recruitment period between the 2 arms (HD9).

Subgroup analysis
We conducted subgroup analysis to explore the underlying clinical
heterogeneity in order to assess the influence of clinical differences
between the studies.
The “test for subgroup differences” showed no statistical differ-
ences between the following subgroups:

• different stages of disease (P = 0.28, early unfavourable: one
trial, N = 1623; advanced: four trials, N = 1519); Analysis 1.2

• different types of treatment regimens (P = 0.29, only
ABVD: four trials, N = 2700; ABVD including regimen: one
trial, N = 442); Analysis 1.3

• different numbers of cycles of escalated BEACOPP (P =
0.43, eight cycles: one trial, N = 442; four cycles: three trials, N
= 1077; two cycles: one trial, N = 1623); Analysis 1.4

• different length of follow-up (P = 0.29, short-term follow-
up: four trials, N = 2700, long-term follow-up: one trial, N =
442); Analysis 1.5

• radiotherapy: (P = 0.84, without radiotherapy: one trial, N
= 549; with radiotherapy: four trials, N = 2583); Analysis 1.6.

Subgroup analyses in terms of “age”, “length of therapy”, “se-
quence”, and “same total number of cycles of chemotherapy” were
not performed, because the identified studies showed no differ-

ences due to these study characteristics (see Subgroup analysis and
investigation of heterogeneity).
Sensitivity analysis
We also performed a sensitivity analysis for all recruited patients
with potential risk of bias due to different time periods of recruit-
ment in GHSG HD9. This analysis showed also statistically sig-
nificant effect favouring BEACOPP escalated (HR 0.66, 95% CI
0.52 to 0.84, N = 3427); Analysis 1.7.
Primary outcome: progression-free survival
Participants
All five trials provided information regarding this outcome. Similar
to the procedure for participants of OS, we used the data of patients
who were recruited in the GHSG HD9 trial in parallel with the
other three trials to perform the main analysis of PFS. This was to
avoid the introduction of potential risk of bias (Other potential
sources of bias). This analyses included data of 3142 patients from
all five studies.
Results
The main analysis of PFS showed a statistically significant im-
proved outcome for patients with escalated BEACOPP: HR was
0.54 (95% CI 0.45 to 0.64), see Figure 4. There was no hetero-
geneity between trials (I2 = 0%).

Figure 4. Forest plot of comparison: 2 Analysis of Progression Free Survival, outcome: 2.1 PFS - all - same

recruitment period between the 2 arms (HD9).
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beacopp for advanced hodgkin’s disease

 

2387

he standard chemotherapy com-

 

binations for advanced Hodgkin’s disease
are mechlorethamine, vincristine, procar-

bazine, and prednisone (MOPP) and doxorubicin,
bleomycin, vinblastine, and dacarbazine (ABVD),

 

1-5

 

yet 30 to 40 percent of cases progress or relapse
and respond poorly to salvage treatment.

 

6,7

 

 In 1990
the German Hodgkin’s Lymphoma Study Group
planned a sequence of clinical trials on the basis
of results of experiments in animals, retrospective
analyses of clinical data, and mathematical mod-
els

 

8,9

 

 suggesting that more rapid administration
could improve the disease-free survival rate by 3 per-
cent and that a moderate dose escalation could im-
prove this rate by an additional 10 percent.

 

10,11

 

 Our
trial compared three regimens: COPP-ABVD (with
cyclophosphamide instead of mechlorethamine); a
combination of bleomycin, etoposide, doxorubicin,
cyclophosphamide, vincristine, procarbazine, and
prednisone (BEACOPP) in standard doses; and
BEACOPP in increased doses.

Pilot and dose-finding studies confirmed the fea-
sibility of BEACOPP and of the escalation of the dos-
es of cyclophosphamide, etoposide, and doxorubi-
cin to 192, 200, and 140 percent of the standard
doses, respectively.

 

12,13

 

 The phase 3 trial aimed to
assess the efficacy and toxicity of standard and in-
creased-dose BEACOPP. Interim analyses have dem-
onstrated the effectiveness of BEACOPP.

 

14,15

 

 We
present the results of the final data analysis as of
August 2001.

 

patients

 

Eligible patients were 15 to 65 years old with newly
diagnosed, untreated Hodgkin’s disease in Ann Ar-
bor clinical stage IIB or IIIA with a large mediastinal
mass (more than one third of the maximal thoracic
diameter) alone or in combination with extranodal
lesions or massive splenic involvement (with diffuse
infiltration or more than five focal lesions, as deter-
mined by computed tomography and sonography)
or both; stage IIIA with an elevated erythrocyte sed-
imentation rate (more than 50 mm per hour in
asymptomatic patients and more than 30 mm per
hour in patients with B symptoms) or three or more
involved nodal areas, or both; or Stage IIIB or IV.
Patients had to have a Karnofsky index above 70 per-
cent, to be negative for the human immunodeficien-
cy virus, to be free of concurrent disease that might
hinder treatment, and to give written informed con-

sent. Patients were registered and treated in 219
hospitals and practices in Germany, Switzerland,
Austria, and the Czech Republic (listed in the Ap-
pendix). Review of biopsy specimens by a panel of
lymphoma pathologists was an obligatory part of
the protocol.

 

study design

 

After clinical staging had been conducted accord-
ing to previously reported methods,

 

14

 

 patients were
randomly assigned (in a centralized, open fashion
by telephone and by computer) to one of three
chemotherapy regimens: eight cycles of COPP al-
ternating with ABVD; eight cycles of standard-
dose BEACOPP; or eight cycles of increased-dose
BEACOPP, with the administration of filgrastim
from day 8 of each cycle until the leukocyte count
returned to normal (Table 1). Randomization was
stratified (i.e., balance among the groups was main-
tained) according to the participating center, tumor
stage (IIB or IIIA vs. IIIB or IV), and the presence or
absence of a large mediastinal mass.

For the increased-dose BEACOPP group, the
dose could be reduced in subsequent cycles if pre-

t

methods

 

* The days were counted from the beginning of the double cycle of COPP-ABVD. 
The regimen was repeated on day 57.

† The regimen was repeated on day 22.

 

‡ The absolute dose of vincristine was limited to 2.0 mg.

 

Table 1. Planned Regimens of Cyclophosphamide, Vincristine, Procarbazine, 
Prednisone, Doxorubicin, Bleomycin, Vinblastine, and Dacarbazine 
(COPP-ABVD) and Bleomycin, Etoposide, Doxorubicin, Cyclophosphamide, 
Vincristine, Procarbazine, and Prednisone (BEACOPP).

Drug COPP-ABVD
Standard
BEACOPP

Increased-Dose
BEACOPP

 

Single
Dose

Days
Given*

Single
Dose

Days
Given†

Single
Dose

Days
Given†

 

mg/m

 

2

 

mg/m

 

2

 

mg/m

 

2

 

Bleomycin 10 29, 43 10 8 10 8

Etoposide — — 100 1–3 200 1–3

Doxorubicin 25 29, 43 25 1 35 1

Cyclophosphamide 650 1, 8 650 1 1200 1

Vincristine 1.4‡ 1, 8 1.4‡ 8 1.4‡ 8

Procarbazine 100 1–14 100 1–7 100 1–7

Prednisone 40 1–14 40 1–14 40 1–14

Vinblastine 6 29, 43 — — — —

Dacarbazine 375 29, 43 — — — —
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resulted in bias. We compared these characteristics
among the three groups in each recruitment year but
found no relevant differences or consistent trends
over time. We repeated all group comparisons for
the period from February 1994 through October
1996, during which patients were recruited for all
three groups, and obtained results similar to those
reported above.

Other randomized trials have demonstrated that
the efficacy of MOPP-ABVD; hybrid MOPP plus dox-
orubicin, bleomycin, and vinblastine (MOPP-ABV);
and ABVD is similar, with long-term (5 to 10 years)
progression-free survival rates of 61 to 71 per-
cent.

 

1,2

 

 Numerous variants of these regimens have
been tested,

 

3-5

 

 but none have improved treatment
efficacy. In contrast, the estimated rate of free-

 

Figure 2. Kaplan–Meier Analysis of the Probability of Freedom from Treatment Failure (Panel A) and Overall Survival 
(Panel B).

 

P values were calculated with use of the log-rank test for all three pairwise differences between groups. Numbers in pa-
rentheses are the numbers of patients. COPP-ABVD denotes cyclophosphamide, vincristine, procarbazine, prednisone, 
doxorubicin, bleomycin, vinblastine, and dacarbazine, and BEACOPP bleomycin, etoposide, doxorubicin, cyclophospha-
mide, vincristine, procarbazine, and prednisone. Tick marks indicate censored survival data.
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background

 

Faced with unsatisfactory results of treatment for advanced Hodgkin’s disease, we in-
vestigated three combinations of chemotherapy.

 

methods

 

From 1993 to 1998, 1201 eligible patients 15 to 65 years of age who had newly diag-
nosed Hodgkin’s disease in unfavorable stage IIB or IIIA or stage IIIB or IV were ran-
domly assigned to receive eight cycles of cyclophosphamide, vincristine, procarbazine,
and prednisone alternating with doxorubicin, bleomycin, vinblastine, and dacarbazine
(COPP-ABVD); bleomycin, etoposide, doxorubicin, cyclophosphamide, vincristine, pro-
carbazine, and prednisone (BEACOPP); or increased-dose BEACOPP, each followed by
local radiotherapy when indicated. Enrollment in the COPP-ABVD group was stopped
in 1996 owing to inferior results.

 

results

 

For the final analysis, 1195 of 1201 patients could be evaluated: 260 in the COPP-ABVD
group, 469 in the BEACOPP group, and 466 in the increased-dose BEACOPP group; the
median follow-up was 72, 54, and 51 months, respectively. The rate of freedom from
treatment failure at five years was 69 percent in the COPP-ABVD group, 76 percent in
the BEACOPP group, and 87 percent in the increased-dose BEACOPP group (P=0.04 for
the comparison of the COPP-ABVD group with the BEACOPP group and P<0.001 for the
comparison of the increased-dose BEACOPP group with the COPP-ABVD group and
with the BEACOPP group), and the five-year rates of overall survival were 83 percent, 88
percent, and 91 percent, respectively (P=0.16 for the comparison of the COPP-ABVD
group with the BEACOPP group, P=0.06 for the comparison of the BEACOPP group
with the increased-dose BEACOPP group, and P=0.002 for the comparison of the
COPP-ABVD group with the increased-dose BEACOPP group). Rates of early progres-
sion were significantly lower with increased-dose BEACOPP than with COPP-ABVD or
standard BEACOPP. 

 

conclusions

 

Increased-dose BEACOPP resulted in better tumor control and overall survival than did
COPP-ABVD.
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whereas the frequency of thrombocytopenia and
anemia increased during the last four cycles. Grade
3 or 4 infections occurred in 16 percent of patients
in the standard BEACOPP group and 22 percent
of those in the increased-dose BEACOPP group.
The incidence of fatal acute treatment-related ef-
fects was similar (less than 2 percent) among the
groups. A detailed report of the acute hematologic
effects and administered doses has been published
previously.

 

18

 

Between 73 percent and 99 percent of patients
received at least 80 percent of the planned total dose.
In the increased-dose BEACOPP group, the doses of
cyclophosphamide gradually decreased, from 192
percent of the planned standard dose in the first cy-
cle to 148 percent of this dose in the eighth cycle;
similar trends were observed for etoposide (from

198 percent initially to 152 percent) and doxorubicin
(from 139 percent initially to 126 percent). The me-
dian duration of chemotherapy from the first to the
last day of drug administration was 46.3 weeks in
the COPP-ABVD group (planned, 30 weeks), 24.4
weeks in the BEACOPP group (planned, 23 weeks),
and 24.7 weeks in the increased-dose BEACOPP
group (planned, 23 weeks). The percentage of pa-
tients who received radiotherapy was 64 percent in
the COPP-ABVD group and 71 percent in the other
two groups.

Progression occurred in 27 of 260 patients in
the COPP-ABVD group (10 percent) during or up
to three months after treatment, 36 of 469 in the
BEACOPP group (8 percent), and 9 of 466 in the
increased-dose BEACOPP group (2 percent); the dif-
ference between the two BEACOPP groups was sig-
nificant (P<0.001), as was that between increased-
dose BEACOPP and COPP-ABVD (P<0.001). The
rate of complete remission was higher in the the two
BEACOPP groups than in the COPP-ABVD group
(Table 4). The median follow-up was 72 months in
the COPP-ABVD group, 54 months in the standard
BEACOPP group, and 51 months in the increased-
dose BEACOPP group (follow-up was longer in
the COPP-ABVD group because enrollment was
stopped early). The rate of freedom from treatment
failure was significantly higher at five years in the
standard BEACOPP group than in the COPP-ABVD
group (76 percent [95 percent confidence interval,
72 to 80 percent] vs. 69 percent [95 percent confi-
dence interval, 63 to 75 percent], P=0.04) and was
highest in the increased-dose BEACOPP group (87
percent [95 percent confidence interval, 83 to 91
percent], P<0.001 for the comparison with the
COPP-ABVD group and with the standard BEACOPP
group) (Fig. 2A and Table 4).

The deaths of 150 patients have been reported
to us: 49 in the COPP/ABVD group, 61 in the stand-
ard BEACOPP group, and 40 in the increased-dose
BEACOPP group. The overall survival rate (Fig. 2B
and Table 4) was higher in the standard BEACOPP
group than in the COPP-ABVD group at five years
(88 percent vs. 83 percent, P=0.16) and was high-
est in the increased-dose BEACOPP group (91 per-
cent, P=0.06 for the comparison with the standard
BEACOPP group and P=0.002 for the comparison
with the COPP-ABVD group). The causes of death
were recorded as Hodgkin’s disease in 68 patients,
complications of first-line treatment in 20, compli-
cations of salvage treatment in 14, a second neo-
plasm in 22, cardiorespiratory disease in 5, pulmo-

 

* The values are the percentages of patients with the given World Health Organ-
ization (WHO) grade adverse effect in one or more cycles. The frequencies of 
WHO grade 3 or 4 cardiac toxicity, medication-induced fever, renal or urinary 
effects, and allergies were all below 2 percent in each group. COPP-ABVD de-
notes cyclophosphamide, vincristine, procarbazine, prednisone, doxorubicin, 
bleomycin, vinblastine, and dacarbazine, and BEACOPP bleomycin, etoposide, 

 

doxorubicin, cyclophosphamide, vincristine, procarbazine, and prednisone.

 

Table 3. Acute Adverse Effects of Chemotherapy.*

Adverse Effect
COPP-
ABVD

Standard
BEACOPP

Increased-Dose
BEACOPP

 

percent

 

Leukopenia
Grade 3
Grade 4

52
19

36
37

8
90

Thrombocytopenia
Grade 3
Grade 4

4
2

6
3

23
47

Anemia
Grade 3
Grade 4

4
1

16
1

51
15

Infection
Grade 3
Grade 4

2
1

13
3

14
8

Mucositis of grade 3 or 4 1 2 8

Respiratory tract effects of grade 3 or 4 2 5 4

Nausea of grade 3 or 4 20 12 20

Digestive tract effects of grade 3 or 4 3 2 4

Neurologic effects of grade 3 or 4 4 5 4

Skin effects of grade 3 or 4 1 1 3

Pain of grade 3 or 4 2 3 9

Hair loss of grade 3 or 4 36 75 79
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parallel tests (8×Besc vs 6×Besc and 8×Besc vs 8×B14), the 
signifi cance level was 0·025. Preplanned subgroup 
analyses included sex, age, and risk groups according to 
IPS (0–1; 2–3; and 4–7).

This concluding analysis of the HD15 study is based on 
the fourth preplanned interim analysis. A separate 
analysis on the impact of erythropoietin has been 
published22 without touching any of the major questions 
reported here.

This trial is registered with Current Controlled Trials, 
number ISRCTN32443041.

Role of the funding source
The Deutsche Krebshilfe reviewed the trial protocol for 
adherence to good clinical practice. All fi nancial 
supporters had no role in study design, data collection, 
data analysis, data interpretation, or writing of the report. 
All authors had full access to all the data in the study and 
the corresponding author had fi nal responsibility for the 
decision to submit for publication.

Results
2182 patients were randomly assigned to treatment 
groups between Jan 28, 2003, and April 18, 2008. 
44 patients were excluded from all analyses since 
Hodgkin’s lymphoma was not con fi rmed by reference 
histology (fi gure 1). Also excluded were nine patients 
who became part of a diff erent study and three who 
withdrew their informed consent. Thus, the intention-to-
treat analysis set included 2126 patients (705 assigned to 
the 8×Besc group, 711 to the 6×Besc group, and 710 to the 
8×B14 group). A total of 385 patients did not qualify for the 
per-protocol analysis that included 1741 patients 
(fi gure 1). 

Table 1 summarises the baseline characteristics of 
patients included in this trial. The median age was 33 years 
(18–60); more patients were male and B-symptoms were 
present in two thirds of the patients. The most frequent 
subtype diagnosed by the pathology reference panel was 
nodular sclerosis followed by mixed cellularity. Treatment 
groups were well balanced for all characteristics shown 
(table 1).

Overall, most patients experienced at least one WHO 
toxic eff ect of grade 3 or 4 (table 2). Generally, patients 
in the 8×Besc and 6×Besc groups experienced more 
haematological events than did those in the 8×B14 group. 
Leucopenia was observed in about 90% of patients in the 
8×Besc and 6×Besc groups, and in about 70% of patients in 
the 8×B14 group. Anaemia was documented for 57% of 
patients, with no apperent diff erence between groups. 
Thrombocytopenia was 2–3 times more frequent in the 
8×Besc and 6×Besc groups than in the 8×B14 group. Infections 
were observed in 23% (467 of 2073) of patients. Neurotoxic 
eff ects and pulmonary toxic eff ects were more frequent 
in the 8×B14 group than in the 8×Besc and 6×Besc groups.

So far, 72 (3·4%) of 2126 patients have had secondary 
cancers (table 2), including 29 secondary acute myeloid 
leukaemias/myelodysplastic syndromes (sAML/MDS), 
19 non-Hodgkin lymphomas, and 24 solid tumours. 
Patients in the 8×Besc group had signifi cantly more 
secondary cancers than did those in the 6×Besc group 
(p=0·02). The number of sAML/MDS was 19 with 8×Besc, 
two with 6×Besc (p=0·0001), and eight with 8×B14.

At a median follow-up of 48 months, 123 (6%) of 
2126 patients had died (table 2); there were more deaths 
in the 8×Besc group than in the 6×Besc and 8×B14 groups. 
The higher mortality in the 8×Besc group was mainly due 
to diff erences in treatment-related events and secondary 
malignancies.

1961 (92%) of 2126 patients had complete remission 
with or without residual abnormalities (Fisher’s exact 
test for three groups p=0·01; table 3).

5-year rates for the primary endpoint, freedom from 
treatment failure, were 84·4% in the 8×Besc group, 89·3% 
in the 6×Besc group, and 85·4% in the 8×B14 group (table 3; 
fi gure 2A). In the primary sequential analysis, 6×Besc and 
8×B14 treatments were non-inferior when compared with 
8×Besc with both 97·5% repeated CIs for the HR excluding 

8×BEACOPPescalated 

(N=705)
6×BEACOPPescalated 

(N=711)
8×BEACOPP14 

(N=710)

Acute toxicity (WHO grade 3 or 4)*

At least one event 658/684 (96·2%) 671/696 (96·4%) 619/693 (89·3%)

Leucopenia 613/684 (89·6%) 619/696 (88·9%) 504/693 (72·7%)

Anaemia 425/684 (62·1%) 370/696 (53·2%) 385/693 (55·6%)

Thrombocytopenia 429/684 (62·7%) 372/696 (53·4%) 133/693 (19·2%)

Any haematological 632/684 (92·4%) 638/696 (91·7%) 552/693 (79·7%)

Alopecia 374/684 (54·7%) 368/696 (52·9%) 369/693 (53·2%)

Infection 169/684 (24·7%) 155/696 (22·3%) 143/693 (20·6%)

Nausea or vomiting 88/684 (12·9%) 77/696 (11·1%) 74/693 (10·7%)

Mucositis 83/684 (12·1%) 73/696 (10·5%) 55/693 (7·9%)

Pain 90/684 (13·2%) 64/696 (9·2%) 56/693 (8·1%)

Nervous system 52/684 (7·6%) 35/696 (5·0%) 88/693 (12·7%)

Respiratory tract 44/684 (6·4%) 26/696 (3·7%) 64/693 (9·2%)

Gastrointestinal tract 47/684 (6·9%) 44/696 (6·3%) 41/693 (5·9%)

Drug fever 30/684 (4·4%) 28/696 (4·0%) 31/693 (4·5%)

Secondary neoplasia

Total 33 (4·7%) 17 (2·4%) 22 (3·1%)

sAML/MDS 19 (2·7%) 2 (0·3%) 8 (1·1%)

NHL 8 (1·1%) 6 (0·8%) 5 (0·7%)

Solid tumour 6 (0·9%) 9 (1·3%) 9 (1·3%)

Causes of death

Total 53 (7·5%) 33 (4·6%) 37 (5·2%)

Hodgkin’s lymphoma 13 (1·8%) 11 (1·5%) 15 (2·1%)

Treatment-related toxic eff ects 15 (2·1%) 6 (0·8%) 6 (0·8%)

Secondary neoplasia 13 (1·8%) 5 (0·7%) 8 (1·1%)

Toxic eff ects of salvage treatment 2 (0·3%) 2 (0·3%) 1 (0·1%)

Other† 6 (0·9%) 6 (0·8%) 4 (0·6%)

Unclear 4 (0·6%) 3 (0·4%) 3 (0·4%)

Data are number (%) or n/N (%). sAML=secondary acute myeloid leukaemia. MDS=myelodysplastic syndrome. 
NHL=non-Hodgkin’s lymphoma. *Toxicities with an incidence of at least 3% only. †Suicide (n=3), cardiovascular (n=3), 
respiratory (n=2), accident (n=2), single reasons (n=6).

Table 2: Adverse events by treatment group
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This analysis showed that patients in partial remission 
with a PET-negative persistent mass after chemotherapy 
had a prognosis very similar to those in complete 
remission as measured by conventional CT (4-year 
progression-free survival of 92·1%).

Discussion
The goal of the three-arm HD15 study presented 
here was to reduce toxic eff ects of treatment while 
maintaining effi  cacy in patients with advanced stage 
Hodgkin’s lymphoma. The primary endpoint in this trial, 
non-inferiority in terms of freedom from treatment 
failure, was clearly proven for 6×Besc and 8×B14 groups 
3 years ahead of the planned fi nal analysis. When freedom 
from treatment failure was compared between 8×Besc and 
6×Besc groups, it did not diff er in the sequential analysis 
but did, signifi cantly, in the descriptive non-sequential 
analysis. For all secondary endpoints in this trial, the 
comparison signifi cantly favoured 6×Besc treat ment. Free-
dom from treatment failure for patients receiving 8×B14 
was also non-inferior to that of those receiving 8×Besc. 
Compared with 8×BEACOPPescalated, 6×Besc was associated 
with less treatment-related mortality and signifi cantly 
fewer secondary cancers. Overall, 6×Besc showed better 
effi  cacy and fewer serious toxic eff ects than 8×Besc.

In the previous GHSG HD9 trial,10 treatment with 
8×Besc was 18% better in freedom from treatment failure 
and 11% in overall survival at 10 years than an ABVD 
variant. Results from two Italian studies15,16 showed clear 
advantage in tumour control but no diff erence in overall 
survival when comparing ABVD with four cycles 
BEACOPPescalated followed either by two or four additional 
cycles of BEACOPP given in baseline dose (panel). 
However, these studies had small patient numbers and 
were not suffi  ciently powered to detect diff erences in 
overall survival.

Another direct comparison between ABVD and 
BEACOPPescalated was done by the European Organisation 
for Research and Treatment of Cancer (EORTC) and 
Groupe d’Etude des Lymphomes de l’Adulte (GELA;  
ClinicalTrials.gov, NCT00049595). Although the fi nal 
results are not available yet, it is noteworthy that both 
groups have adopted BEACOPPescalated as the standard in 
their independent trials for advanced stage Hodgkin’s 
lymphoma (ClinicalTrials.gov, NCT01358747). The fact 
that treatment with 6×Besc in the present HD15 trial was 
less toxic, and more eff ective, than eight cycles will very 
probably result in more frequent use of this regimen. 
Treatment-related mortality in those patients receiving 
six cycles was less than 1% in a setting with 408 study 
centres from fi ve European countries including all levels 
of care. This indicates that six cycles of BEACOPPescalated 
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Figure 2: Kaplan-Meier estimates for chemotherapy objective
(A) Freedom from treatment failure. (B) Time to progression. 
(C) Overall survival. 8×Besc=8×BEACOPPescalated. 6×Besc=6×BEACOPPescalated. 
8×B14=8×BEACOPP14. *non-sequential CIs.
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This analysis showed that patients in partial remission 
with a PET-negative persistent mass after chemotherapy 
had a prognosis very similar to those in complete 
remission as measured by conventional CT (4-year 
progression-free survival of 92·1%).

Discussion
The goal of the three-arm HD15 study presented 
here was to reduce toxic eff ects of treatment while 
maintaining effi  cacy in patients with advanced stage 
Hodgkin’s lymphoma. The primary endpoint in this trial, 
non-inferiority in terms of freedom from treatment 
failure, was clearly proven for 6×Besc and 8×B14 groups 
3 years ahead of the planned fi nal analysis. When freedom 
from treatment failure was compared between 8×Besc and 
6×Besc groups, it did not diff er in the sequential analysis 
but did, signifi cantly, in the descriptive non-sequential 
analysis. For all secondary endpoints in this trial, the 
comparison signifi cantly favoured 6×Besc treat ment. Free-
dom from treatment failure for patients receiving 8×B14 
was also non-inferior to that of those receiving 8×Besc. 
Compared with 8×BEACOPPescalated, 6×Besc was associated 
with less treatment-related mortality and signifi cantly 
fewer secondary cancers. Overall, 6×Besc showed better 
effi  cacy and fewer serious toxic eff ects than 8×Besc.

In the previous GHSG HD9 trial,10 treatment with 
8×Besc was 18% better in freedom from treatment failure 
and 11% in overall survival at 10 years than an ABVD 
variant. Results from two Italian studies15,16 showed clear 
advantage in tumour control but no diff erence in overall 
survival when comparing ABVD with four cycles 
BEACOPPescalated followed either by two or four additional 
cycles of BEACOPP given in baseline dose (panel). 
However, these studies had small patient numbers and 
were not suffi  ciently powered to detect diff erences in 
overall survival.

Another direct comparison between ABVD and 
BEACOPPescalated was done by the European Organisation 
for Research and Treatment of Cancer (EORTC) and 
Groupe d’Etude des Lymphomes de l’Adulte (GELA;  
ClinicalTrials.gov, NCT00049595). Although the fi nal 
results are not available yet, it is noteworthy that both 
groups have adopted BEACOPPescalated as the standard in 
their independent trials for advanced stage Hodgkin’s 
lymphoma (ClinicalTrials.gov, NCT01358747). The fact 
that treatment with 6×Besc in the present HD15 trial was 
less toxic, and more eff ective, than eight cycles will very 
probably result in more frequent use of this regimen. 
Treatment-related mortality in those patients receiving 
six cycles was less than 1% in a setting with 408 study 
centres from fi ve European countries including all levels 
of care. This indicates that six cycles of BEACOPPescalated 
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Reduced-intensity chemotherapy and PET-guided 
radiotherapy in patients with advanced stage Hodgkin’s 
lymphoma (HD15 trial): a randomised, open-label, phase 3 
non-inferiority trial
Andreas Engert, Heinz Haverkamp*, Carsten Kobe*, Jana Markova, Christoph Renner, Antony Ho, Josée Zijlstra, Zdenek Král, Michael Fuchs, 
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Summary
Background The intensity of chemotherapy and need for additional radiotherapy in patients with advanced stage 
Hodgkin’s lymphoma has been unclear. We did a prospective randomised clinical trial comparing two reduced-intensity 
chemotherapy variants with our previous standard regimen. Chemotherapy was followed by PET-guided radiotherapy.

Methods In this parallel group, open-label, multicentre, non-inferiority trial (HD15), 2182 patients with newly diagnosed 
advanced stage Hodgkin’s lymphoma aged 18–60 years were randomly assigned to receive either eight cycles of 
BEACOPPescalated (8×Besc group), six cycles of BEACOPPescalated (6×Besc group), or eight cycles of BEACOPP14 (8×B14 group). 
Randomisation (1:1:1) was done centrally by stratifi ed minimisation. Non-inferiority of the primary endpoint, freedom 
from treatment failure, was assessed using repeated CIs for the hazard ratio (HR) according to  the intention-to-treat 
principle. Patients with a persistent mass after chemotherapy measuring 2·5 cm or larger and positive on PET scan 
received additional radiotherapy with 30 Gy; the negative predictive value for tumour recurrence of PET at 12 months 
was an independent endpoint. This trial is registered with Current Controlled Trials, number ISRCTN32443041.

Findings Of the 2182 patients enrolled in the study, 2126 patients were included in the intention-to-treat analysis set, 
705 in the 8×Besc group, 711 in the 6×Besc group, and 710 in the 8×B14 group. Freedom from treatment failure was 
sequentially non-inferior for the 6×Besc and 8×B14 groups as compared with 8×Besc. 5-year freedom from treatment 
failure rates were 84·4% (97·5% CI 81·0–87·7) for the 8×Besc group, 89·3% (86·5–92·1) for 6×Besc group, and 85·4% 
(82·1–88·7) for the 8×B14 group (97·5% CI for diff erence between 6×Besc and 8×Besc was 0·5–9·3). Overall survival in 
the three groups was 91·9%, 95·3%, and 94·5% respectively, and was signifi cantly better with 6×Besc than with 8×Besc 
(97·5% CI 0·2–6·5). The 8×Besc group showed a higher mortality (7·5%) than the 6×Besc (4·6%) and 8×B14 (5·2%) groups, 
mainly due to diff erences in treatment-related events (2·1%, 0·8%, and 0·8%, respectively) and secondary 
malignancies (1·8%, 0·7%, and 1·1%, respectively). The negative predictive value for PET at 12 months was 94·1% 
(95% CI 92·1–96·1); and 225 (11%) of 2126 patients received additional radiotherapy.

Interpretation Treatment with six cycles of BEACOPPescalated followed by PET-guided radiotherapy was more eff ective in 
terms of freedom from treatment failure and less toxic than eight cycles of the same chemotherapy regimen. Thus, 
six cycles of BEACOPPescalated should be the treatment of choice for advanced stage Hodgkin’s lymphoma. PET done 
after chemotherapy can guide the need for additional radiotherapy in this setting.

Funding Deutsche Krebshilfe and the Swiss Federal Government.

Introduction
The introduction of multi-agent chemotherapy and 
improved radiation techniques has rendered Hodgkin’s 
lymphoma one of the most favourable cancers in terms 
of likelihood of cure. Accordingly, the goal of most recent 
clinical trials in this malignancy has been to minimise 
intensity of treatment while maintaining previous levels 
of tumour control, particularly in early stage disease.1,2 
An example is the German Hodgkin Study Group’s 
(GHSG) HD10 study3 of patients with favourable limited 
stage disease, which showed that reduction in both 

number of chemotherapy cycles and radiation dose was 
possible without loss of effi  cacy.

By contrast with the impressive cure rates in early 
stages, only 65–70% of patients diagnosed with advanced 
stage Hodgkin’s lymphoma are disease-free at 5 years 
when treated with ABVD or similar chemotherapy.4,5 For 
more than 20 years of clinical research, attempts were 
made to improve on the effi  cacy of ABVD in this group 
of patients.6–8 The most promising regimens emerging 
were BEACOPPescalated

9,10 and Stanford-V.11 However, results 
from randomised trials in advanced Hodgkin’s lymphoma 
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standard of care was changed from eight to six cycles 
based on the results of our HD15 trial.1 Subsequently, 
enrolled patients with positive PET-2 were treated with 
six cycles of eBEACOPP, resulting in similarly high 
tumour control but a more favourable safety profile 
compared with those treated with eight cycles. We can 
thus safely recommend using only six cycles of 
eBEACOPP for patients with positive PET-2.

Because factors that determine early response to therapy 
as measured by PET-2 are still unknown at baseline, the 
outcome of the overall treatment strategy should be 
discussed when informing patients about the different 
treatments. With PET-2-guided ABVD, 3-year progression-

free survival is 83·7% among patients aged less than 
60 years, and 79% for those with Ann Arbor stage III or IV 
disease.15 In HD18, the corresponding numbers are 92·3% 
and 92·2%. This obvious advantage in progression-free 
survival when using eBEACOPP upfront is particularly 
relevant, not only because avoiding relapse and the 
subsequent necessity of further toxic treatments is the 
most important endpoint from the patients’ perspective, 
but also because progression-free survival differences 
translate into overall survival differences over time in 
advanced-stage Hodgkin’s lymphoma.19-21

Even with the reduced intensity for patients with 
negative PET-2, the burden of treatment remains 
relevant. New drugs with promising single-agent activity 
in relapsed or refractory Hodgkin’s lymphoma might 
further improve the risk–benefit ratio in the treatment 
of advanced-stage Hodgkin’s lymphoma.22,23 We have 
modified the eBEACOPP regimen with the anti-CD30 
antibody-drug conjugate brentuximab vedotin, resulting 
in a new regimen which was well tolerated in phase 2 
and is being tested against standard eBEACOPP in a 
phase 3 trial (NCT02661503).24 Another approach aims to 
improve the moderate efficacy of the ABVD regimen by 
adding brentuximab vedotin (NCT01712490).25 A further 
step forwards would be if the survival outcomes reported 
in our trial can be reached by any of these new regimens 
with even less toxicity for patients with advanced-stage 
Hodgkin’s lymphoma.

The following weaknesses of our analysis should be 
acknowledged. First, the definition of PET negativity 
was conservative and the PET-2-negative cohort was 
therefore relatively small, including only 1005 (52%) 
of all randomised patients. 10 years ago, when the 
HD18 study was planned, the GHSG deemed it 
unethical to put patients at risk for treatment failure 
with a less conservative approach. Today, a Deauville 
score of 3 is generally accepted as negative in advanced-
stage Hodgkin’s lymphoma, and, considering the 
excellent outcome of this subgroup when treated with 
six cycles, one could speculate that more patients could 
have received only four cycles of eBEACOPP without 
compromising the overall outcome.

Regarding the study in PET-2-negative patients, 
conclusions are affected by the change of standard 
treatment from eight to six cycles in the middle of the 
recruitment period, lessening the anticipated effect of 
the treatment de-escalation in the experimental arm. 
Although not yet finally conclusive owing to short 
follow-up, the experimental treatment compared 
favourably also with the updated standard, as reflected by 
similar progression-free survival and overall survival as 
well as markedly reduced toxicity. Thus, the study results 
remain important also when 6 × eBEACOPP is regarded 
as the standard to be challenged.

Third, we could not yet evaluate all potential late effects. 
Among these events, infertility is of high relevance for 
patients with a wish for parenthood.6,26 Additional studies 

Figure 4: Progression-free survival and overall survival for patients with negative PET-2
Kaplan-Meier estimates of (A) progression-free survival and (B) overall survival for patients with negative PET-2, 
in the per-protocol set. PET-2=PET after two cycles of chemotherapy. eBEACOPP=bleomycin, etoposide, 
doxorubicin, cyclophosphamide, vincristine, prednisone, and procarbazine in escalated dose.
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eBEACOPP used in HD18 resulted in progression-free 
survival of 95·3% at 3 years, whereas it was only 84·4% 
with two cycles of ABVD followed by 4 cycles of ABVD or 
AVD (ABVD omitting bleomycin) in the RATHL trial. 
Thus, the negative predictive value of PET seems to be 
higher after initial treatment with two cycles of eBEACOPP 
than after two cycles of ABVD. This observation is in 
accordance with the insufficient negative predictive value 
of PET-2 in an Italian trial18 of ABVD-treated patients.

Compared with our previous and current standards of 
eight and six cycles of eBEACOPP, respectively, the 
excellent outcome for patients with negative PET-2 could 
now be achieved with a significantly decreased incidence 
of severe adverse events. Particularly, severe infections 
were observed less frequently with four cycles of 
eBEACOPP—occurring in the same range as that re ported 
with PET-2-guided ABVD or AVD.15 In our trial, only 
two (<1%) of 501 patients developed second acute myeloid 
leukaemia, and we did not observe a single case of 
treatment-related mortality in patients randomly assigned 
to treatment with four cycles. Regarding potentially life-
threatening adverse events, we found no disadvantage of 
four cycles of eBEACOPP over PET-2-guided ABVD in this 
indirect comparison. Of note, the superior progression-
free survival in HD18 could be achieved within a much 
shorter treatment duration of only 12 weeks compared 
with 24 weeks with six cycles of ABVD or AVD in the 
RATHL trial. However, eBEACOPP remains an intensive 
treatment, inducing neutro penic fever in about 20% and 
the need for platelet transfusions in about 25% of all 
patients. Thus, although the reduced-intensity treatment is 
safe, it still needs specialised care and relevant resources 
from the medical infrastructure.

The outcome differences between ABVD or eBEACOPP 
applied upfront are even more pronounced in the PET-2-
positive cohort. In the RATHL trial, treatment was 
escalated from ABVD to BEACOPP after a positive PET-2 
and 3-year progression-free survival reached 67·5%.15 
This result is clearly inferior to the 3-year progression-
free survival of 88% observed with six cycles of 
eBEACOPP among patients with Deauville score 4 in 
our trial. Because patients in both studies received 
eBEACOPP from the third cycle onwards, the observed 
difference could most likely be explained by the initial 
treatment with two cycles of either ABVD or eBEACOPP. 
Therefore, patients with insufficient response to ABVD 
seem to be unable to reach adequate outcomes with 
subsequent eBEACOPP therapy. In accordance with this 
observation, even escalation to high-dose chemotherapy 
with autologous stem cell support was not able to 
improve the outcome over standard ABVD for patients 
with positive PET-2 after initial treatment with ABVD.2,16 
Thus, initiation of therapy with two cycles of eBEACOPP 
appears to be mandatory to achieve optimal progression-
free survival in advanced-stage Hodgkin’s lymphoma.

After we completed enrolment of patients with positive 
PET-2 into the randomised part of the HD18 study, the 

8 × eBEACOPP 
(n=288)

6 × eBEACOPP 
(n=216)

4 × eBEACOPP 
(n=501)

Severe protocol deviations

Discontinuation due to toxicity 11 (4%) 0 2 (<1%)

Patient withdraws from chemotherapy 18 (6%) 4 (2%) 1 (<1%)

Administration of more than target number of 
chemotherapy cycles

0 0 6 (1%)

Other or unknown* 7 (2%) 4 (2%) 7 (1%)

Any severe protocol deviation 36 (13%) 8 (4%) 16 (3%)

Toxicity and supportive measures†

Haematological toxicities of CTCAE grade III or IV

Anaemia 164 (57%) 110 (51%) 195 (39%)

Thrombopenia 212 (74%) 150 (70%) 286 (57%)

Leukopenia 268 (93%) 199 (93%) 438 (88%)

Anaemia, thrombopenia or leukopenia 274 (95%) 202 (94%) 447 (90%)

Infection 50 (17%) 25 (12%) 40 (8%)

Organ toxicities of CTCAE grade III or IV

Nausea or vomiting 31 (11%) 18 (8%) 32 (6%)

Mucositis 26 (9%) 13 (6%) 28 (6%)

Gastrointestinal tract disorders 15 (5%) 14 (7%) 11 (2%)

Respiratory tract disorders 16 (6%) 4 (2%) 10 (2%)

Nervous system disorders 37 (13%) 15 (7%) 17 (3%)

Any organ toxicity‡ 62 (22%) 29 (13%) 38 (8%)

Toxicities of CTCAE grade III or IV

Any toxicity‡ 280 (98%) 205 (95%) 455 (91%)

Treatment-related morbidity

Any organ toxicity of CTCAE grade III or IV‡ 62 (22%) 29 (13%) 38 (8%)

Anaemia, thrombopenia or infection of CTCAE grade IV 169 (59%) 115 (53%) 187 (38%)

Treatment-related morbidity 189 (66%) 132 (61%) 204 (41%)

Onset of treatment-related morbidity

Cycles 1–4 135 (47%) 100 (47%) 204 (41%)

Cycles 5– 6 30 (10%) 32 (15%) NA

Cycles 7–8 24 (8%) NA NA

Febrile neutropenia

Occurrence of febrile neutropenia 96 (33%) 49 (23%) 109 (22%)

Hospitalisation due to febrile neutropenia 71 (25%) 39 (18%) 90 (18%)

Onset of febrile neutropenia

Cycles 1–4 69 (24%) 39 (18%) 109 (22%)

Cycles 5–6 16 (6%) 10 (5%) NA

Cycles 7–8 11 (4%) NA NA

Supportive measures

Use of G-CSF 286 (100%) 212 (99%) 495 (99%)

Platelet infusions 132 (46%) 72 (33%) 122 (24%)

Red blood cell transfusions 203 (71%) 129 (60%) 233 (47%)

Data are n (%). PET-2=positron emission tomography after two cycles of chemotherapy. eBEACOPP=bleomycin, 
etoposide, doxorubicin, cyclophosphamide, vincristine, procarbazine, and prednisone in escalated dose. 
CTCAE=Common Terminology Criteria for Adverse Events. G-CSF=granulocyte-colony stimulating factor. NA=not 
applicable. *Including patient refusal to continue with radiotherapy (n=1), no radiotherapy in spite of panel 
recommendation (n=1), radiotherapy without panel recommendation (n=4), violation of inclusion or exclusion 
criteria (n=3), lack of compliance (n=3), withdrawal of consent (n=2), treatment in non-participating centre (n=1), 
restaging not timely performed (n=1), unknown (n=2). †Documentation of chemotherapy missing in five (<1%) of 
1005 patients; toxicity and supportive measures assessed in 287 patients in the 8 × eBEACOPP group, 215 patients 
in the 6 × eBEACOPP group, and 498 patients in the 4 × eBEACOPP group. ‡Also including urogenital tract, cardiac 
and skin disorders, drug fever, and allergy.

Table 3: Therapy adherence, acute toxicities and supportive measures during chemotherapy of patients 
with negative PET-2, randomised intention-to-treat set

Borchmann P. Lancet. 2017
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two treatment groups at baseline (table 1). The median age 
at baseline was 30 years (IQR 24–41), 516 (63%) of 
823 patients were men, 560 (68%) had B symptoms, 
725 (89%) had stage III or IV disease and 87 (11%) a stage 
IIB with risk factors, and 475 (58%) had an IPS of 3 or 
greater. 728 (88%) of 823 patients had biopsy pathology 
assessed centrally, among whom 700 (96%) had a 
confirmed diagnosis of Hodgkin lymphoma. Most cases 
of misdiagnosis were grey zone lymphoma with features 
intermediate between diffuse large B-cell lymphoma and 
Hodgkin lymphoma. 342 (83%) patients in the standard 
treatment group and 359 (88%) in the PET-driven 
treatment group completed the planned treatment 
(figure 1). Ten patients in the standard care group and 
12 patients in the PET-driven treatment group 
discontinued treatment because of disease progression, 
and 27 and four, respectively, discontinued because of 
treatment-related toxicity (figure 1).

799 (97%) of 823 patients had evaluable PET2 scans 
and 795 (99%) of these were reviewed centrally. PET2 
scans were negative in 695 (87%) patients (table 2). In the 
ITT population, 346 (84%) of the 410 patients in the 
PET-driven group were assigned to receive ABVD and 
51 (12%) to four additional cycles of BEACOPPescalated 
(table 2). 14 (4%) patients did not receive the allocated 
treatment because of clinician decision: nine patients 
were given BEACOPPescalated instead of ABVD and five 
received ABVD instead of BEACOPPescalated.

At the time of the analysis, median follow-up was 
50·4 months (IQR 42·9–59·3). Progression-free survival 
events occurred in 103 (13%) of 823 patients: 41 (10%) of 
413 in the standard treatment group and 47 (12%) of 410 in 
the PET-driven treatment group progressed or relapsed 
and two (<1%) and four (1%), respectively, died from 
lymphoma. Eight (1%) of 823 patients died from toxicity of 
the study treatment (six in the standard treatment group 
vs two in the PET-driven treatment group), four because of 
toxicity of additional treatment (three vs one), two because 
of concurrent illness (one in each group) and five for other 
or unknown reasons (two vs three). In the ITT analysis, 
the estimated 5-year progression-free survival was similar 
in both treatment groups (86·2%, 95% CI 81·6–89·8 in 
the standard treatment group and 85·7%, 81·4–89·1 in 
the PET-driven treatment group; stratified HR 1·084, 
95% CI 0·737–1·596, pnon-inferiority=0·65; unstratified 
HR 1·066, 0·725–1·569, pnon-inferiority=0·63; figure 2). Median 
progression-free survival was not reached in either 
treatment group by the end of the follow-up.

The prespecified per-protocol analysis involved 
739 (90%) patients with no major protocol deviations of 
823 enrolled (figure 1). 41 (10%) of 413 in the standard 
treatment group and 43 (10%) of 410 patients in the 
PET-driven treatment group were excluded from the per-
protocol analysis because of unconfirmed Hodgkin 
lymphoma diagnosis (n=21 and n=5, respectively), one or 
more unmet inclusion or exclusion criteria (n=4 and 
n=3), the first cycle of chemotherapy not being received 

or not being given at full dose (n=7 and n=8), PET2 or 
PET4 not being done at the right time (n=5 and n=7), 
PET2 or PET4 not being centrally reviewed (n=3 and 

Standard treatment group (n=413) PET-driven treatment group (n=410)

Number of 
patients (%)

5-year progression-free 
survival (95% CI)

Number of 
patients (%)

5-year progression-free 
survival (95% CI)

PET after two induction cycles

Reviewed 398 (96%) 397 (97%)

Negative 349 (88%) 88·4% (83·3–92) 346 (87%) 89·4% (84·9–92·6)

Positive 49 (12%) 73·5% (58·7–83·6) 51 (13%) 68·2% (53·4–79·2)

PET after four induction cycles

Reviewed 383 (93%) 376 (92%)

Negative 356 (93%) 90·1% (85·3–93·3) 360 (96%) 89·2% (84·8–92·3)

Positive 27 (7%) 51·9% (31·9–58·5) 16 (4%) 37·5% (25·4–59·8)

Data are number (%) unless stated otherwise.

Table 2: Metabolic response according to PET central review after two and four cycles of chemotherapy

Figure 2: Kaplan-Meier curves of survival outcomes by treatment group in the intention-to-treat population
(A) Progression-free survival. (B) Overall survival. Data are survival estimates with 95% CIs.
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two treatment groups at baseline (table 1). The median age 
at baseline was 30 years (IQR 24–41), 516 (63%) of 
823 patients were men, 560 (68%) had B symptoms, 
725 (89%) had stage III or IV disease and 87 (11%) a stage 
IIB with risk factors, and 475 (58%) had an IPS of 3 or 
greater. 728 (88%) of 823 patients had biopsy pathology 
assessed centrally, among whom 700 (96%) had a 
confirmed diagnosis of Hodgkin lymphoma. Most cases 
of misdiagnosis were grey zone lymphoma with features 
intermediate between diffuse large B-cell lymphoma and 
Hodgkin lymphoma. 342 (83%) patients in the standard 
treatment group and 359 (88%) in the PET-driven 
treatment group completed the planned treatment 
(figure 1). Ten patients in the standard care group and 
12 patients in the PET-driven treatment group 
discontinued treatment because of disease progression, 
and 27 and four, respectively, discontinued because of 
treatment-related toxicity (figure 1).

799 (97%) of 823 patients had evaluable PET2 scans 
and 795 (99%) of these were reviewed centrally. PET2 
scans were negative in 695 (87%) patients (table 2). In the 
ITT population, 346 (84%) of the 410 patients in the 
PET-driven group were assigned to receive ABVD and 
51 (12%) to four additional cycles of BEACOPPescalated 
(table 2). 14 (4%) patients did not receive the allocated 
treatment because of clinician decision: nine patients 
were given BEACOPPescalated instead of ABVD and five 
received ABVD instead of BEACOPPescalated.

At the time of the analysis, median follow-up was 
50·4 months (IQR 42·9–59·3). Progression-free survival 
events occurred in 103 (13%) of 823 patients: 41 (10%) of 
413 in the standard treatment group and 47 (12%) of 410 in 
the PET-driven treatment group progressed or relapsed 
and two (<1%) and four (1%), respectively, died from 
lymphoma. Eight (1%) of 823 patients died from toxicity of 
the study treatment (six in the standard treatment group 
vs two in the PET-driven treatment group), four because of 
toxicity of additional treatment (three vs one), two because 
of concurrent illness (one in each group) and five for other 
or unknown reasons (two vs three). In the ITT analysis, 
the estimated 5-year progression-free survival was similar 
in both treatment groups (86·2%, 95% CI 81·6–89·8 in 
the standard treatment group and 85·7%, 81·4–89·1 in 
the PET-driven treatment group; stratified HR 1·084, 
95% CI 0·737–1·596, pnon-inferiority=0·65; unstratified 
HR 1·066, 0·725–1·569, pnon-inferiority=0·63; figure 2). Median 
progression-free survival was not reached in either 
treatment group by the end of the follow-up.

The prespecified per-protocol analysis involved 
739 (90%) patients with no major protocol deviations of 
823 enrolled (figure 1). 41 (10%) of 413 in the standard 
treatment group and 43 (10%) of 410 patients in the 
PET-driven treatment group were excluded from the per-
protocol analysis because of unconfirmed Hodgkin 
lymphoma diagnosis (n=21 and n=5, respectively), one or 
more unmet inclusion or exclusion criteria (n=4 and 
n=3), the first cycle of chemotherapy not being received 

or not being given at full dose (n=7 and n=8), PET2 or 
PET4 not being done at the right time (n=5 and n=7), 
PET2 or PET4 not being centrally reviewed (n=3 and 

Standard treatment group (n=413) PET-driven treatment group (n=410)

Number of 
patients (%)

5-year progression-free 
survival (95% CI)

Number of 
patients (%)

5-year progression-free 
survival (95% CI)

PET after two induction cycles

Reviewed 398 (96%) 397 (97%)

Negative 349 (88%) 88·4% (83·3–92) 346 (87%) 89·4% (84·9–92·6)

Positive 49 (12%) 73·5% (58·7–83·6) 51 (13%) 68·2% (53·4–79·2)

PET after four induction cycles

Reviewed 383 (93%) 376 (92%)

Negative 356 (93%) 90·1% (85·3–93·3) 360 (96%) 89·2% (84·8–92·3)

Positive 27 (7%) 51·9% (31·9–58·5) 16 (4%) 37·5% (25·4–59·8)

Data are number (%) unless stated otherwise.

Table 2: Metabolic response according to PET central review after two and four cycles of chemotherapy

Figure 2: Kaplan-Meier curves of survival outcomes by treatment group in the intention-to-treat population
(A) Progression-free survival. (B) Overall survival. Data are survival estimates with 95% CIs.
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n=4), or treatment not being assigned according to PET2 
or PET4 results (n=1 and n=16). In the per-protocol 
analysis, 5-year progression-free survival was 86·7% 
(95% CI 81·9–90·3) in the standard treatment group vs 
85·4% (80·7–89·0) in the PET-driven treatment group 
(HR 1·144 [95% CI 0·758–1·726], p=0·74).The post-hoc 
Com-Nougue non-inferiority test gave a similar con-
clusion by rejecting the null hypothesis (p=0·0047).

Overall survival was similar in the two treatment groups. 
Overall survival events occurred in ITT and per protocol 
populations in 13 (3%) of 413 and 10 (3%) of 372 in the 
standard treatment group, respectively and 12 (3%) of 410 
and 12 (3%) of 367 in the PET-driven treatment group, 
respectively. In the ITT population, 5-year overall survival 
was 95·2% (95% CI 91·1–97·4) in the standard treatment 
group and 96·4% (93·3–98·1) in the PET-driven treatment 
group (HR 0·936, 95% CI 0·427–2·051, p=0·43; figure 2). 

In the per-protocol population, the 5-year overall survival 
values were 95·6% (95% CI 91·2–97·8) and 95·9% 
(92·5–97·8), respectively (HR 1·248, 95% CI 0·53–2·88, 
p=0·69). For event-free and disease-free survival, estimates 
were also similar in the two treatment groups in the ITT 
population (appendix pp 1–2). 5-year event-free survival 
was 76·8% (95% CI 71·7–81·0) in the standard treatment 
group compared with 78·6% (73·9–82·6) in the PET-
driven treatment group (HR 0·925, 95% CI 0·686–1·248, 
p=0·31) and 5-year disease-free survival was 89·9% 
(85·1–93·2) compared with 90·0% (86·0–92·9; 1·099, 
0·667–1·711, p=0·66).

Response rates assessed according to Cheson 2007 
criteria after end of induction and end of treatment 
were similar in the standard and PET-driven groups 
(appendix, p 2).

766 (93%) of 823 patients had evaluable PET4 scans, of 
which 759 (99%) were assessed centrally. 716 (94%) of 
759 were deemed to have negative scans (table 2). 
In 654 (86%) of 716 patients with negative PET4 scans, 
results had also been negative on PET2 scans, whereas in 
the remaining 62 (9%) the result had converted from 
positive on PET2 to negative on PET4. 43 patients (6%) 
with positive PET4 were removed from the study, among 
whom 13 (2%) had had a previous negative PET2 result, 
including six patients in the PET-driven treatment group, 
and 30 (4%) a previous positive PET2.

A positive result on PET2 or PET4 was associated with 
an increased risk of relapse or progression, regardless of 
treatment group: 5-year progression-free survival was 
70·7% (95% CI, 60·7–78·6) in patients with a positive 
PET2 scan versus 88·9% (85·7–91·4) in patients with a 
negative PET2 scan (HR 3·59, 95% CI 2·32–5·56, 
p<0·0001). 5-year progression-free survival was lower in 
PET4-positive patients compared with those who had 
negative PET4 scans (46·5%, 95% CI 31·2–60·4 vs 89·6%, 
86·5–92·0; HR 10·9, 95% CI 6·75–17·61, p<0·0001). The 
5-year progression-free survival estimates among PET4-
positive patients were similar in the two treatment groups 
(table 2). 20 (47%) of the 43 patients had progressive 
disease at the time of the positive PET4 examination and 
received salvage chemotherapy. Of the remaining 
23 patients, 21 continued BEACOPPescalated, one received 
radiotherapy on a residual mediastinal mass, and one 
proceeded to salvage therapy. Analysis of the full PET-
driven strategy by response assessment after two cycles of 
chemotherapy (PET2) and at end of induction (PET4) 
identified three prognostic subgroups (figure 3). PET4-
positive patients had a lower 5-year progression-free 
survival than those with negative PET4 scans, irrespective 
of PET2 results: 75·4% (95% CI 62·5–84·4) in PET2-
positive and PET4-negative patients, and 90·9% (95% CI 
87·7–93·3) in PET2-negative and PET4-negative patients 
versus 46·5% (95% CI 31·2–60·4) in PET4-positive 
patients; both p<0·0001).

Progression-free survival was also significantly dif-
ferent among PET4-negative patients according to 

Figure 3: Kaplan-Meier curves of survival outcomes by PET response
(A) Progression-free survival. (B) Overall survival. Data are survival estimates with 95% CIs. PET2=PET after 
two induction cycles. PET4=PET after four induction cycles.
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symptoms, baseline extranodal sites, ECOG performance 
status, sex, and PET-2 status. The key secondary endpoint 
was overall survival. A pre-planned interim analysis of 
overall survival has been published.7 As defined in the 
protocol, the final analysis of overall survival will be done 
once 112 deaths have occurred. Other secondary endpoints 
were: the rate of complete remission as best overall 
response reached at the end of the randomised regimen 
as per independent review facility assessment based on 
the Revised Response Criteria for Malignant Lymphoma; 
adverse events, serious adverse events, assessments of 
clinical laboratory values, and vital signs measurements; 

event-free survival; disease-free survival; overall response 
rate; duration of response as per independent review 
facility; duration of complete remission as per indepen-
dent review facility; proportion of patients not in complete 
remission who received irradiation; complete remission 
rate as per independent review facility at the end of front-
line therapy; proportion of patients with PET-2 negativity; 
patient-reported outcomes as per European Organization 
for Research and Treatment of Cancer QLQ-C30; 
pharmacokinetic variables for brentuximab vedotin, 
monomethyl auristatin E, and total antibody; and the 
presence of antitherapeutic antibodies to brentuximab 
vedotin. Results for these secondary endpoints have been 
previously reported and are available online.

Statistical analysis
We calculated that a planned sample size of 1240 patients 
(260 modified progression-free survival events) was 
required to provide 90% power at the primary analysis to 
detect a hazard ratio (HR) of 0·67 for the primary 
endpoint (modified progression-free survival) at a 
one-sided significance level of 0·025 with a log-rank test.7 
For the 5-year analyses presented here, the data cutoff 
date was Sept 14, 2020. Progression-free survival was 
assessed with the Kaplan-Meier method. Patients with no 
events were censored at the last available contact. The 
intention-to-treat population comprised all randomly 
assigned patients, and patients were analysed according 
to the treatment they were randomly assigned to receive. 
The safety population comprised all patients who 
received at least one dose of study drug, and patients 
were analysed according to the actual treatment they 
received. p values were calculated with a stratified 
log-rank test to compare progression-free survival 
between the two treatment groups. p values are nominal 
and not adjusted for multiplicity. HRs (A+AVD vs ABVD) 
and 95% CIs were based on a stratified Cox’s proportional 
hazards regression model, with treatment as the 
explanatory variable in the model. Stratification factors 
included region and baseline IPS risk group. No 
stratification factors were used in the subgroup analysis. 
Statistical analyses were done with SAS (version 9.4).

This study is registered with ClinicalTrials.gov 
(NCT01712490) and EudraCT (2011-005450-60), and is 
ongoing.

Role of the funding source
This study was designed by the funders with 
contributions from JMC, JR, AY, AG, WSK, and SMA. 
The funder provided the study drug and participated in 
regulatory and ethics approval, safety monitoring, data 
collection, data analysis, data interpretation, statistical 
analyses, and writing of the manuscript.

Results
Between Nov 19, 2012, and Jan 13, 2016, 1334 patients 
were randomly assigned to receive A+AVD (n=664) or 

For the results of the secondary 
endpoints see https://

clinicaltrials.gov/ct2/show/
NCT01712490

A+AVD group (n=664) ABVD group (n=670) Total (n=1334)

Sex

Female 286 (43%) 272 (41%) 558 (42%)

Male 378 (57%) 398 (59%) 776 (58%)

Median age, years 35 (26–51) 37 (27–53) 36 (26–52)

Age group, years

<60 580 (87%) 568 (85%) 1148 (86%)

≥60 84 (13%) 102 (15%) 186 (14%)

Region

Americas 261 (39%) 262 (39%) 523 (39%)

Europe 333 (50%) 336 (50%) 669 (50%)

Asia 70 (11%) 72 (11%) 142 (11%)

Ann Arbor stage at initial diagnosis

Stage II* 1 (<1%) 0 1 (<1%)

Stage III 237 (36%) 246 (37%) 483 (36%)

Stage IV 425 (64%) 421 (63%) 846 (64%)

Not applicable, unknown, or missing 1 (<1%) 3 (<1%) 4 (<1%)

International Prognostic Score

0–1 142 (21%) 141 (21%) 283 (21%)

2–3 355 (53%) 357 (53%) 712 (53%)

4–7 167 (25%) 172 (26%) 339 (25%)

ECOG performance status

0 376 (57%) 378 (57%) 754 (57%)

1 260 (39%) 263 (39%) 523 (39%)

2 28 (4%) 27 (4%) 55 (4%)

Not obtained or missing 0 2 (<1%) 2 (<1%)

Extranodal involvement at diagnosis

Yes 411 (62%) 416 (62%) 827 (62%)

1 extranodal site 217 (33%) 223 (33%) 440 (33%)

>1 extranodal site 194 (29%) 193 (29%) 387 (29%)

No 217 (33%) 228 (34%) 445 (33%)

Unknown or missing 36 (5%) 26 (4%) 62 (5%)

Patients with any B symptom 400 (60%) 381 (57%) 781 (59%)

PET-2 status

Positive 47 (7%) 58 (9%) 105 (8%)

Negative 588 (89%) 578 (86%) 1166 (87%)

Unknown or unavailable 29 (4%) 34 (5%) 63 (5%)

Source: Connors et al, 2018.7 Data are n (%) or median (IQR). A+AVD=brentuximab vedotin in combination with 
doxorubicin, vinblastine, and dacarbazine. ABVD=doxorubicin, bleomycin, vinblastine, and dacarbazine. ECOG=Eastern 
Cooperative Oncology Group. PET-2=PET scan done after two cycles of therapy. *Patients in this category had a major 
protocol violation.

Table 1: Key characteristics of the intention-to-treat population
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ABVD (n=670; figure 1). Baseline disease characteristics 
and patient demographics have been described previously 
and were similar between treatment groups and 
PET-2 status subgroups.7 Key baseline and demographic 
data are summarised in table 1. The median age of 
patients was 36 years (IQR 26–52), and 771 (58%) of 
1334 patients were younger than 40 years of age. The 
median follow-up time was 60·9 months (IQR 52·2–67·3). 
The number of confirmed deaths did not reach the 
prespecified number to trigger analysis of overall survival.

The estimated 5-year progression-free survival per 
investigator assessment in the ITT population was 82·2% 
(95% CI 79·0–85·0) in the A+AVD group and 75·3% 
(71·7–78·5) in the ABVD group (HR 0·68 [95% CI 
0·53–0·87]; p=0·0017; figure 2A, table 2). The rate of late 
relapses was similar in the two groups: since the 3 year 
analysis, there were three new progression-free survival 

events in the A+AVD group (all progressive disease or 
relapse) and seven new events in the ABVD group 
(three progressive disease or relapse, four deaths).

5-year progression-free survival per investigator 
assessment was generally higher with A+AVD than with 
ABVD across prespecified subgroups, including age, 
PET-2 status, IPS risk group, and disease stage (table 2; 
figure 2B; figure 3; see the appendix pp 3–4 for 
progression-free survival by stage).

Treatment with anticancer therapy after front-line 
treatment was assessed (appendix p 6). Overall, fewer 
patients in the A+AVD group (133 [20%] of 662) received 
at least one subsequent anticancer therapy than in the 
ABVD group (156 [24%] of 659). 42 (6%) of 662 patients 
in the A+AVD group and 57 (9%) of 659 in the 
ABVD group had high-dose chemotherapy plus an 
autologous haematopoietic stem-cell transplantation.

Figure 2: Progression-free survival per investigator assessment in the intention-to-treat population
(A) Patients treated with A+AVD or ABVD. A+AVD group: 16 deaths and 96 progressive disease events. ABVD group: 30 deaths and 128 progressive disease events. 
(B) Patients receiving A+AVD or ABVD by PET-2 status (positive or negative for active disease by PET scan after two cycles of therapy). A+AVD PET-2-negative 
subgroup: nine deaths and 76 progressive disease events. ABVD PET-2-negative subgroup: 26 deaths and 94 progressive disease events. A+AVD PET-2-positive 
subgroup: no deaths and 18 progressive disease events. ABVD PET-2-positive subgroup: three deaths and 28 progressive disease events. Tick marks indicate censored 
data. A+AVD=brentuximab vedotin in combination with doxorubicin, vinblastine, and dacarbazine. ABVD=doxorubicin, bleomycin, vinblastine, and dacarbazine. 
HR=hazard ratio. 
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a significant result was observed for the primary 
analysis of modified progression-free survival. 
The type I error in the analysis of overall sur-
vival was controlled with the use of the O’Brien–
Fleming method with a Lan–DeMets alpha-
spending function. We projected that 112 deaths 
would occur approximately 5 years after the 
randomization of the last patient, but a notable 
decrease in the incidence of death was observed, 
which suggested that several additional years 
would be necessary in order for the analysis to 
capture the final expected deaths. Given the 
maturity of the data (103 observed deaths, 92% 
of the expected total) and in consultation with 
regulatory agencies, a second interim analysis 
was conducted that used the already-implement-
ed alpha-spending approach; a benefit in favor 
of A+AVD over ABVD was considered to be sig-
nificant at a P value of less than 0.0365 on the 
basis of a stratified log-rank test (two-sided).

Efficacy evaluations were performed in the 
intention-to-treat population (defined as all the 
patients who underwent randomization). All 
the 95% confidence intervals, except those as-
sociated with the type I error–controlled analy-
sis of overall survival in the intention-to-treat 
population, are descriptive and were not adjusted 
for multiplicity. The safety population included 
all the patients who received at least one dose of 
trial drug.

R esult s

Characteristics of the Patients

A total of 1334 patients were enrolled in the 
trial; 664 patients were assigned to the A+AVD 
group and 670 to the ABVD group (intention-to-
treat population) (Fig. S1 in the Supplementary 
Appendix, available at NEJM.org). The demo-
graphic characteristics of the patients and their 
disease characteristics at baseline, which were 
similar in the two treatment groups, have been 
described previously (Table S1).15 Approximately 
14% of the patients in the trial were 60 years of 
age or older. The trial population was similar to 
the expected patient population on the basis of 
overall demographic and epidemiologic real-
world data on Hodgkin’s lymphoma; however, 
no patients from Africa were enrolled in the 
trial, and Black patients were underrepresented 
(Table S2). The data-cutoff date for the current 
analysis was June 1, 2021.

Efficacy
The median follow-up in the overall survival 
analysis was 73.0 months (95% CI, 72.3 to 73.6; 
range, 0.0 to 100.6). A total of 39 deaths occurred 
in the A+AVD group and 64 in the ABVD group. 
The analysis of overall survival significantly favored 
A+AVD over ABVD (hazard ratio for death, 0.59; 
95% CI, 0.40 to 0.88; P = 0.009) (Fig. 1). The 

Figure 1. Overall Survival (Intention-to-Treat Population).

The intention-to-treat population included all the patients who underwent randomization. Tick marks indicate cen-
sored data. A+AVD denotes brentuximab vedotin plus doxorubicin, vinblastine, and dacarbazine; and ABVD doxoru-
bicin, bleomycin, vinblastine, and dacarbazine.
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Peripheral neuropathy occurred in 443 (67%) of 
662 patients in the A+AVD group and in 286 (43%) 
of 659 patients in the ABVD group. At 5 years, 127 (19%) 
of 662 patients in the A+AVD group and 59 (9%) of 659 in 
the ABVD group had ongoing peripheral neuropathy. 
In the A+AVD group, 375 (85%) of 443 patients with 
peripheral neuropathy had either complete resolution 
(316 [71%] of 443) or improvement (59 [13%] of 443; 
appendix p 5). In the A+AVD group, 74 (11%) of 
662 patients had maximum severity grade 1, 38 (6%) had 
maximum severity grade 2, 14 (2%) had maximum severity 
grade 3, and one (<1%) had maximum severity grade 4 
ongoing peripheral neuropathy. Assessment of ongoing 
peripheral neuropathy with maximum severity of 
grade 3–4 was confounded in 12 of 15 patients in the 
A+AVD group (in three who died before resolution, 
four who were lost to follow-up, and five who withdrew 
from the study). In the ABVD group, 245 (86%) of 
286 patients with peripheral neuropathy had either 
complete resolution (227 [79%] of 286) or improvement 
(18 [6%] of 286; appendix p 5); 39 (6%) of 659 patients had 
maximum severity grade 1, 16 (2%) had maximum severity 
grade 2, and four (<1%) had maximum severity grade 3 
ongoing peripheral neuropathy. Among the patients in 
the ABVD group with grade 3 peripheral neuropathy, 
two patients were lost to follow-up and two died before 
resolution of peripheral neuropathy. The median time to 
complete resolution of peripheral neuro pathy events that 
were ongoing at the end of treatment was 34 weeks 
(IQR 13–71) in the A+AVD group and 16 weeks (11–78) in 
the ABVD group. The median time to improve ment for 
patients whose peripheral neuropathy did not completely 
resolve was 49 weeks (IQR 30–129) in the A+AVD group 
and 12 weeks (11–53) in the ABVD group.

Secondary malignancies were reported in 48 patients: 
19 [3%] of 662 in the A+AVD group and 29 [4%] of 659 in 
the ABVD group (appendix p 7). In the A+AVD group, 
nine haematological malignancies and ten solid tumours 
occurred, including two cases of acute myeloid leukaemia 
(in patients aged 38 years and 29 years). In the ABVD group, 
15 haematological malignancies and 14 solid tumours 
occurred, including one case of myelodysplastic syndrome 
(in a patient aged 71 years) and one case of acute myeloid 
leukaemia (in a patient aged 74 years).

Pregnancies were reported in 44 female patients and 
31 partners of male patients in the A+AVD group and in 
26 female patients and 30 partners of male patients in 
the ABVD group. 125 livebirths were reported among 
study participants and their partners (in 42 female 
patients and 33 partners of male patients in the 
A+AVD group, and in 21 female patients and 29 partners 
of male patients in the ABVD group). Among female 
patients, two or more livebirths were reported in 
eight patients in the A+AVD group and in three patients 
in the ABVD group. The proportion of pregnancies in 
female patients that were ongoing or resulted in a 
livebirth was 87% (52 of 60) in the A+AVD group 
and 75% (24 of 32) in the ABVD group. No stillbirths 
were reported.

A detailed analysis of the safety and tolerability of 
A+AVD and ABVD in ECHELON-1 has previously been 
published, with additional details summarised in the 
appendix (p 8).7,9

Discussion
After a median follow-up of 60·9 months (IQR 52·2–67·3), 
A+AVD continued to show a robust and durable 
treatment benefit compared with ABVD, in terms of 

A+AVD group ABVD group HR (95% CI) p value

Number of 
patients

Progression-free survival 
(95% CI)

Number of 
patients

Progression-free survival 
(95% CI)

All-patient analyses

All patients 664 82·2% (79·0–85·0) 670 75·3% (71·7–78·5) 0·68 (0·53–0·87) 0·0017

PET-2-negative patients 588 84·9% (81·7–87·6) 578 78·9% (75·2–82·1) 0·66 (0·50–0·88) 0·0035

PET-2-positive patients 47 60·6% (45·0–73·1) 58 45·9% (32·7–58·2) 0·70 (0·39–1·26) 0·23

Patients <60 years

All patients 580 84·3% (81·0–87·1) 568 77·8% (74·0–81·1) 0·67 (0·51–0·88) 0·0034

PET-2-negative patients 521 86·6% (83·3–89·3) 493 81·5% (77·7–84·7) 0·68 (0·49–0·93) 0·014

PET-2-positive patients 42 63·1% (46·4–75·9) 50 49·3% (34·7–62·3) 0·70 (0·37–1·33) 0·27

Patients ≥60 years

All patients 84 67·1% (55·1–76·5) 102 61·6% (50·9–70·7) 0·82 (0·49–1·36) 0·44

PET-2-negative patients 67 71·9% (59·0–81·3) 85 64·9% (53·5–74·2) 0·72 (0·40–1·29) 0·27

PET-2-positive patients 5 40·0% (5·2–75·3) 8 25·0% (3·7–55·8) 0·92 (0·23–3·72) 0·91

p values were calculated with a log-rank test to compare progression-free survival between the two treatment groups. HRs (A+AVD vs ABVD) and 95% CIs were based on a 
Cox’s proportional hazard regression model with treatment as the explanatory variable in the model. The all-patient analyses were stratified by region and IPS risk group; 
subgroup analyses were unstratified. A+AVD=brentuximab vedotin in combination with doxorubicin, vinblastine, and dacarbazine. ABVD=doxorubicin, bleomycin, 
vinblastine, and dacarbazine. HR=hazard ratio. PET-2=PET scan after two cycles of therapy. IPS=International Prognostic Score. 

Table 2: Progression-free survival per investigator assessment at 5 years by PET-2 status and age in the intention-to-treat population
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progression-free survival, as a front-line treatment in 
patients with advanced classical Hodgkin lymphoma. 
The investigator-assessed progression-free survival at 
5 years was 82·2% (95% CI 79·0–85·0) for patients in 
the A+AVD group and 75·3% (71·7–78·5) for patients in 
the ABVD group (HR 0·68; p=0·0017). These rates are 
similar to progression-free survival observed at 3 years: 
83% (95% CI 79·9–85·9) in the A+AVD group and 
76% (72·4–79·2) in the ABVD group.8 The treatment 
benefit was similar across disease stages, IPS risk groups, 
and PET-2 response subgroups. The safety profile of 
A+AVD observed in this 5-year update continues to be 
predictable and manageable. The symp toms of peripheral 
neuropathy continued to improve or resolve over time in 
both groups, although more patients had ongoing 
peripheral neuropathy in the A+AVD group than in the 
ABVD group. Most ongoing peripheral neuropathy in 
this 5-year analysis was grade 1 or 2.

Several contemporary studies have evaluated different 
PET-adapted approaches, with the aim of further 
improving efficacy outcomes for patients with classical 
Hodgkin lymphoma while minimising exposure to 
intensive regimens such as BEACOPP. However, inter-
pretation of findings across datasets for these trials can 
be challenging because of differences in aspects of trial 
design, including eligibility criteria, treatment regimens, 
and planned delivery of radiotherapy. In comparison 
with PET-adapted trials, ECHELON-1 excluded patients 
with stage II disease (in contrast to RATHL,12 
GITIL/FIL HD 0607,13 HD18,14 and AHL201115) and 
included patients older than 60 years (in contrast to 
SWOG S0816,5 GITIL/FIL HD 0607,13 HD18,14 and 
AHL201115), a patient population of high unmet need as 
described by Evens and colleagues.16

RATHL,12 SWOG S0816,5 and GITIL/FIL HD 060713 
evaluated the efficacy of initial ABVD with escalation to a 
BEACOPP-based therapy for patients classified as PET-2 
negative. The RATHL study,12 which evaluated ABVD 
escalated to BEACOPP or de-escalated to AVD, was a non-
inferiority trial that enrolled a high proportion (42%) of 
patients with stage II disease. The 5 year progression-free 
survival for PET-2-negative patients in the ECHELON-1 
study for A+AVD (84·9% [95% CI 81·7–87·6]) compares 
favourably to that of the RATHL study for PET-2-negative 
patients who were de-escalated to AVD (80·6%; 95% CI 
76·2–84·2).17 Additionally, 5-year progression-free survival 
with A+AVD for PET-2-positive patients younger than 
60 years in ECHELON-1 (63·1% [95% CI 46·4–75·9]) was 
similar to 5-year progression-free survival in the RATHL 
study (65·7%; 95% CI 57·9–72·5) without the need for 
exposure to BEACOPP.17 Similar results were seen in the 
GITIL/FIL HD 0607 trial,13 which escalated PET-2-positive 
patients to four cycles of eBEACOPP followed by four 
cycles of standard BEACOPP with or without rituximab 
and, similarly to the RATHL study, enrolled a high 
proportion (36%) of patients with stage II disease. 5-year 
progression-free survival for PET-2-negative patients in 

the SWOG S0816 trial5 was 76% (95% CI 70–81), a rate of 
relapse higher than that expected with ABVD, suggesting 
that a PET-2-negative status might not accurately identify 
all patients who can be potentially cured of their disease.

In an alternative approach, the HD1814 and AHL201115 
trials treated patients initially with eBEACOPP and 
de-escalated therapy for those who were PET-2-negative. 
AHL201115 capped the age of participants at 60 years and 
used a PET-adapted approach: initial treatment with 
eBEACOPP for two cycles followed by de-escalation to 
ABVD for PET-2-negative patients or an additional 
four cycles of eBEACOPP for PET-2-positive patients. 
PET-2-negative patients had a 5-year progression-free 
survival of 89·4% (95% CI 84·9–92·6); PET-2-positive 
patients had a 5-year progression-free survival of 68·2% 
(53·4–79·2).15 Like AHL2011, the initial therapy in the 
HD18 trial14 was two cycles of eBEACOPP but was 
followed by de-escalation to two additional cycles of 
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Figure 3: Subgroup analysis of progression-free survival per investigator assessment
Hazard ratios (A+AVD vs ABVD) and 95% CIs were based on a stratified Cox’s proportional hazard regression model. 
A+AVD=brentuximab vedotin in combination with doxorubicin, vinblastine, and dacarbazine. ABVD=doxorubicin, 
bleomycin, vinblastine, and dacarbazine. ECOG=Eastern Cooperative Oncology Group. 
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Table S5. Summary of Second Malignancies Recorded as Cause of Death by 
Treatment Arm 

Treatment arm Second Malignancy Category (Number of Patients) 

A+AVD Solid tumors (n=1) 
 Prostate* (n=1) 
ABVD Solid tumors (n=4) 
 Gastrointestinal (n=2) 
 Gallbladder (n=1) 
 Prostate (n=1) 
 Hematological malignancies (n=7) 
 Diffuse large B-cell lymphoma NOS (n=1) 

 Precursor B-acute lymphoblastic leukemia/lymphoblastic 
lymphoma (n=1) 

 Acute promyelocytic leukemia (n=1) 
 Acute myeloid leukemia or related precursor neoplasm (n=1) 
 Myelodysplastic syndrome (n=1) 
 Peripheral T-cell lymphoma, NOS (n=1) 
 Angioimmunoblastic T-cell lymphoma (n=1) 

*Cause of death was likely due to pneumonia following diagnosis and treatment for metastatic 
prostate cancer. 
 
A+AVD, brentuximab vedotin, doxorubicin, vinblastine, and dacarbazine; ABVD, doxorubicin, 
bleomycin, vinblastine, and dacarbazine; NOS, not otherwise specified. 
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Table S6. Causes of On-Treatment Treatment-Related Deaths by Treatment Arm 
(Safety Population)2 

A+AVD 
(n=8) 

ABVD 
(n=7) 

Cardio-respiratory arrest (n=1)  Pneumocystis jirovecii pneumonia (n=1) 

Histiocytosis hematophagic (n=1)  Pneumonia (n=2) 

Respiratory failure (n=1)  Cardiac arrest (n=1) 

Unknown (n=1)  Pulmonary toxicity (n=1) 

Multiple organ dysfunction syndrome (n=1)  Pneumonitis (n=1) 

Myocardial infarction (n=1)  Respiratory disorder (n=1) 

Neutropenic sepsis (n=1)  

Septic shock (n=1)  
Reused with permission from Straus, et al.2 Copyright © 2021: Elsevier Ltd. 

 

Causes are listed as MedDRA Preferred Term.  

A+AVD, brentuximab vedotin in combination with doxorubicin, vinblastine, and dacarbazine; ABVD, 
doxorubicin, bleomycin, vinblastine, and dacarbazine; MedDRA, Medical Dictionary of Regulatory 
Activities. 
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received second-line treatment with high-dose chemo-
therapy and autologous haematopoietic stem-cell trans-
plan tation (table 2). Among 63 patients who progressed or 
relapsed, 15 had died at the time of the analysis: eight 
assigned to eight or six cycles of eBEACOPP (four due 
to Hodgkin lymphoma, two due to treatment-related 
complications, and two due to a second primary malignant 
neoplasm) and seven assigned to four cycles of eBEACOPP 
(five due to Hodgkin lymphoma and two due to treatment-
related complications).

Causes of death are summarised in table 2. Overall 
survival at 5 years was 95·3% (95% CI 93·3–97·3) with 
eight or six cycles of eBEACOPP and 98·1% (96·8–99·4) 
with four cycles of eBEACOPP in the per-protocol analysis 
and thus still indicated a significant advantage of the shorter 
treatment regimen (log-rank p=0·0038; appendix 2 p 13). 
The overall survival difference between eight or six cycles 
of eBEACOPP and four cycles of eBEACOPP was mainly 
based on deaths from second primary malignant neo-
plasms and treatment-related toxicities (table 2).

PET-2-negative cohort, pre-amendment PET-2-negative cohort, post-amendment PET-2-negative cohort, combined

8 cycles of eBEACOPP 
(n=288)

4 cycles of eBEACOPP 
(n=285)

6 cycles of eBEACOPP 
(n=216)

4 cycles of eBEACOPP 
(n=216)

8 or 6 cycles of eBEACOPP 
(n=504)

4 cycles of eBEACOPP 
(n=501)

Follow-up

Follow-up for disease status, months 76 (61–96) 75 (60–97) 59 (47–70) 57 (43–64) 66 (54–86) 64 (51–84)

Follow-up for survival status, months 83 (64–101) 78 (63–101) 60 (52–75) 61 (50–69) 69 (56–90) 66 (54–88)

Tumour events

Any tumour event 16 (6%) 19 (7%) 13 (6%) 15 (7%) 29 (6%) 34 (7%)

Progression 1 (<1%) 0 0 3 (1%) 1 (<1%) 3 (1%)

Early relapse (within 1 year after end 
of treatment)

3 (1%) 7 (2%) 4 (2%) 5 (2%) 7 (1%) 12 (2%)

Late relapse 12 (4%) 12 (4%) 9 (4%) 7 (3%) 21 (4%) 19 (4%)

Number of tumour events

1 15 (5%) 18 (6%) 11 (5%) 12 (6%) 26 (5%) 30 (6%)

2 1 (<1%) 1 (<1%) 1 (<1%) 3 (1%) 2 (<1%) 4 (1%)

3 0 0 1 (<1%) 0 1 (<1%) 0

Second-line therapy

High-dose chemotherapy and 
autologous HSCT

9 (3%) 8 (3%) 7 (3%) 10 (5%) 16 (3%) 18 (4%)

Allogeneic HSCT 0 1 (<1%) 0 0 0 1 (<1%)

Salvage chemotherapy without 
documented HSCT

3 (1%) 3 (1%) 2 (1%) 1 (<1%) 5 (1%) 4 (1%)

Other chemotherapy 2 (1%) 2 (1%) 1 (<1%) 1 (<1%) 3 (1%) 3 (1%)

Radiotherapy only 1 (<1%) 1 (<1%) 0 0 1 (<1%) 1 (<1%)

Antibody therapy 1 (<1%) 0 0 1 (<1%) 1 (<1%) 1 (<1%)

Unknown 0 4 (1%) 3 (1%) 2 (1%) 3 (1%) 6 (1%)

Cause of death

Any event 19 (7%) 6 (2%) 9 (4%) 5 (2%) 28 (6%) 11 (2%)

Hodgkin lymphoma 2 (1%) 3 (1%) 2 (1%) 2 (1%) 4 (1%) 5 (1%)

Toxicity of study treatment 4 (1%) 0 2 (1%) 0 6 (1%) 0

Toxicity of salvage therapy 2 (1%) 1 (<1%) 0 1 (<1%) 2 (<1%) 2 (<1%)

Second primary malignant 
neoplasms

8 (3%) 1 (<1%) 5 (2%) 1 (<1%) 13 (3%) 2 (<1%)

Other disease* 1 (<1%) 0 0 1 (<1%) 1 (<1%) 1 (<1%)

Accident or suicide 0 1 (<1%) 0 0 0 1 (<1%)

Unclear 2 (1%) 0 0 0 2 (<1%) 0

Second primary malignant neoplasms

Any event 14 (5%) 12 (4%) 7 (3%) 6 (3%) 21 (4%) 18 (4%)

Acute myeloid leukaemia or 
myelodysplastic syndrome

7 (2%) 1 (<1%) 2 (1%) 1 (<1%) 9 (2%) 2 (<1%)

Non-Hodgkin lymphoma 3 (1%) 6 (2%) 2 (1%) 2 (1%) 5 (1%) 8 (2%)

Solid tumour 5 (2%) 5 (2%) 3 (1%) 3 (1%) 8 (2%) 8 (2%)

Data are median (IQR) or n (%). PET-2=PET scan after two cycles of chemotherapy. eBEACOPP=bleomycin, etoposide, doxorubicin, cyclophosphamide, vincristine, procarbazine, and prednisone in escalated 
doses. HSCT=haematopoietic stem-cell transplantation. *Including diarrhoea (n=1) and non-treatment-related infection (n=1).

Table 2: Outcomes of the PET-2-negative cohort
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2 1 (<1%) 1 (<1%) 1 (<1%) 3 (1%) 2 (<1%) 4 (1%)

3 0 0 1 (<1%) 0 1 (<1%) 0

Second-line therapy

High-dose chemotherapy and 
autologous HSCT

9 (3%) 8 (3%) 7 (3%) 10 (5%) 16 (3%) 18 (4%)

Allogeneic HSCT 0 1 (<1%) 0 0 0 1 (<1%)

Salvage chemotherapy without 
documented HSCT

3 (1%) 3 (1%) 2 (1%) 1 (<1%) 5 (1%) 4 (1%)

Other chemotherapy 2 (1%) 2 (1%) 1 (<1%) 1 (<1%) 3 (1%) 3 (1%)

Radiotherapy only 1 (<1%) 1 (<1%) 0 0 1 (<1%) 1 (<1%)

Antibody therapy 1 (<1%) 0 0 1 (<1%) 1 (<1%) 1 (<1%)

Unknown 0 4 (1%) 3 (1%) 2 (1%) 3 (1%) 6 (1%)

Cause of death

Any event 19 (7%) 6 (2%) 9 (4%) 5 (2%) 28 (6%) 11 (2%)

Hodgkin lymphoma 2 (1%) 3 (1%) 2 (1%) 2 (1%) 4 (1%) 5 (1%)

Toxicity of study treatment 4 (1%) 0 2 (1%) 0 6 (1%) 0

Toxicity of salvage therapy 2 (1%) 1 (<1%) 0 1 (<1%) 2 (<1%) 2 (<1%)

Second primary malignant 
neoplasms

8 (3%) 1 (<1%) 5 (2%) 1 (<1%) 13 (3%) 2 (<1%)

Other disease* 1 (<1%) 0 0 1 (<1%) 1 (<1%) 1 (<1%)

Accident or suicide 0 1 (<1%) 0 0 0 1 (<1%)

Unclear 2 (1%) 0 0 0 2 (<1%) 0

Second primary malignant neoplasms

Any event 14 (5%) 12 (4%) 7 (3%) 6 (3%) 21 (4%) 18 (4%)

Acute myeloid leukaemia or 
myelodysplastic syndrome

7 (2%) 1 (<1%) 2 (1%) 1 (<1%) 9 (2%) 2 (<1%)

Non-Hodgkin lymphoma 3 (1%) 6 (2%) 2 (1%) 2 (1%) 5 (1%) 8 (2%)

Solid tumour 5 (2%) 5 (2%) 3 (1%) 3 (1%) 8 (2%) 8 (2%)

Data are median (IQR) or n (%). PET-2=PET scan after two cycles of chemotherapy. eBEACOPP=bleomycin, etoposide, doxorubicin, cyclophosphamide, vincristine, procarbazine, and prednisone in escalated 
doses. HSCT=haematopoietic stem-cell transplantation. *Including diarrhoea (n=1) and non-treatment-related infection (n=1).

Table 2: Outcomes of the PET-2-negative cohort

Kreisse S. Lancet Haematol. 2021
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(10·9%; 1·8–19·9) and those assigned to four cycles of 
eBEACOPP (12·9%; 1·9–23·9; appendix 2 p 19).

Cryopreservation before chemotherapy was docu-
mented in 27 (36%) of 74 women who later had children. 
However, no information about the usage of cryogenic 
material was available. In women who underwent pre-
treatment cryopreservation, 5-year estimates for first 
childbirth were 12·7% (95% CI 5·9–19·5) in women 
aged 18–29 years compared to 36·5% (16·3–56·7) in 
women aged 30–40 years (appendix 2 p 20).

Discussion 
This long-term follow-up analysis of the HD18 trial 
confirms the efficacy and acceptable safety profile of 
PET-2-guided eBEACOPP for patients with advanced-
stage Hodgkin lymphoma. After a positive PET-2, 5-year 
progression-free survival was higher than 90% with the 
updated standard of care of six cycles of eBEACOPP, 
indicating the importance of intensive first-line therapy 
for high-risk patients. In the PET-2-negative cohort, our 
follow-up analysis established the non-inferiority of 
four cycles of eBEACOPP compared to both eight and 
six cycles of eBEACOPP in terms of progression-free 
survival, which translated into overall survival higher 
than 95% after 5 years.

The German Hodgkin Study Group’s treatment 
strategy involving eBEACOPP as first-line regimen is 
inspired by the Kairos principle, reflecting the importance 
of definite upfront lymphoma control, which should be 

reached by elimination of refractoriness to chemotherapy, 
to achieve long-term remission. Based on this principle, 
intensi fication of first-line therapy from the established 
ABVD regimen towards the more intensive eBEACOPP 
has been tested in several large prospective randomised 
trials and has shown the highest probability of patients 
remaining free from disease recurrence.1,2,13–18 Potentially 
being cured of Hodgkin lymphoma and thereby avoiding 
further toxic treatments is considered the most important 
aspect in the choice of treatment for the vast majority of 
patients.19,20 However, given the acute and long-term 
toxicity of eBEACOPP, further individualisation of 
treatment is needed, primarily to avoid overtreatment in 
low-risk patients while maintaining favourable survival 
outcomes. These considerations formed the rationale 
behind the HD18 trial.

The addition of rituximab to chemotherapy in the HD18 
trial did not improve progression-free survival of patients 
with positive PET-2, and eBEACOPP remained the 
standard of care for this subgroup.11 Importantly, 5-year 
progression-free survival in PET-2-positive patients was 
better than expected in both treatment groups (ie, with or 
without rituximab), reaching higher than 85% after 
5 years in this presumably high-risk cohort.

Among patients with positive PET-2 enrolled after the 
protocol amendment on June 1, 2011, who received the 
updated standard treatment of six cycles of eBEACOPP, 
estimated 5-year progression-free survival remained 
excellent, at 90·1%. Even in patients with a Deauville score 

8 cycles of eBEACOPP or 8 cycles 
of rituximab plus eBEACOPP

6 cycles of eBEACOPP 4 cycles of eBEACOPP Total

Number of 
participants

Mean (SD) Number of 
participants

Mean (SD) Number of 
participants

Mean (SD) Number of 
participants

Mean (SD)

Female patients

Cardiac function

LVEF (baseline), all available data 210 64·7% (8·6) 211 63·5% (7·7) 156 65·2% (8·4) 577 64·4% (8·2)

LVEF (baseline), only patients with follow-up data 35 64·5% (8·9) 32 62·5% (6·1) 26 65·4% (9·3) 93 64·1% (8·2)

LVEF (5-year follow-up) 35 62·8% (10·2) 32 62·3% (6·0) 26 62·3% (6·5) 93 62·5% (7·9)

Lung function

DLCO (baseline), all available data 142 75·9% (15·9) 166 78·4% (19·8) 101 80·6% (17·8) 409 78·1% (18·1)

DLCO (baseline), only patients with follow-up data 14 73·2% (15·2) 15 79·2% (25·5) 4 78·2% (40·7) 33 76·5% (23·3)

DLCO (5-year follow-up) 14 78·1% (9·7) 15 70·1% (27·1) 4 84·1% (17·2) 33 75·2% (20·3)

Male patients

Cardiac function

LVEF (baseline), all available data 313 63·5% (7·1) 351 63·4% (6·8) 246 63·8% (7·1) 910 63·5% (7·0)

LVEF (baseline), only patients with follow-up data 55 64·4% (6·9) 61 64·0% (6·6) 41 63·7% (6·8) 157 64·1% (6·7)

LVEF (5-year follow-up) 55 61·3% (8·5) 61 61·5% (5·4) 41 60·3% (5·9) 157 61·1% (6·7)

Lung function

DLCO (baseline), all available data 232 82·6% (19·7) 243 81·2% (24·4) 172 81·3% (21·6) 647 81·8% (22·1)

DLCO (baseline), only patients with follow-up data 15 79·5% (17·1) 14 89·5% (10·9) 8 90·1% (13·4) 37 85·6% (14·8)

DLCO (5-year follow-up) 15 84·7% (12·1) 14 82·5% (24·7) 8 87·4% (17·5) 37 84·5% (18·4)

Data are n or mean (SD). eBEACOPP=bleomycin, etoposide, doxorubicin, cyclophosphamide, vincristine, procarbazine, and prednisone in escalated doses. LVEF=left ventricular ejection fraction. DLCO=diffusion 
capacity of the lung.

Table 3: Secondary outcomes of cardiac and lung toxicities

Kreisse S. Lancet Haematol. 2021
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cHL than in those with advanced-stage cHL, especially con-
sidering the unexpectedly high CR rate of 51% after 4 doses
nivolumab in the present trial compared with only 18% in co-
hort D of the CheckMate 205 study.20

Similar to the present trial, most patients in cohort D from
the CheckMate 205 study20 not in CR at the end of treatment
by central review were deemed to be in CR by the treating phy-
sician and did not receive additional therapy (7 of 12 patients
in the CheckMate 205 study; 7 of 7 patients in NIVAHL). Im-
portantly, 6 of 7 nonresponders in the present study were

deemed to be in CR at last follow-up. These observations high-
light the emerging issues regarding PET-based response as-
sessment in the context of checkpoint inhibition. Immune ac-
tivation by checkpoint inhibition may result in PET findings
mimicking residual disease due to inflammatory persistent
metabolic activity of DS4. Similar observations with sus-
tained DS4 despite marked reductions in tumor size were
made in an interim analysis of an ongoing phase 2 trial
(NCT03226249) investigating sequential first-line therapy with
the anti–PD-1 antibody pembrolizumab and AVD chemotherapy
in patients with cHL.21 Modifications of response criteria have
been proposed (eg, introducing the concept of an indeterminate
response).22 Unfortunately, these updates and other immune-
related response criteria23 are tailored to an indefinite
immunotherapy and thus are not helpful in determining CR
after fixed-duration first-line treatment. These issues critically
influence the validity of PET-measured CR as a primary end
point for investigating anti–PD-1 cHL therapy, as it likely causes
underestimation of its true efficacy.

From a patient’s perspective, achieving a sustained re-
sponse and ideally a cure with first-line therapy is of highest
priority, and PFS is therefore considered a more robust end
point than CR rate.24 Definition of CR and its limited associa-

Table 2. Adverse Events in Trial Participants

Adverse event

Therapy, No. (%)

Concomitant (n = 55) Sequential (n = 54)

Any grade Grade 3 or 4 Any grade Grade 3 or 4
Hematological

Anemia 49 (89) 2 (4) 45 (83) 1 (2)

Thrombocytopenia 11 (20) 0 11 (20) 1 (2)

Leukopenia 49 (89) 39 (71) 46 (85) 34 (63)

Infection 25 (45) 3 (5) 23 (43) 1 (2)

Organ

Mucositis 14 (25) 0 18 (33) 3 (6)

Gastrointestinal tract disorders 28 (51) 3 (5) 19 (35) 4 (7)

Urogenital tract disorders 4 (7) 0 4 (7) 0

Respiratory tract disorders 12 (22) 0 13 (24) 1 (2)

Cardiac disorders 1 (2) 0 2 (4) 0

Skin disorders 23 (42) 3 (5) 31 (57) 4 (7)

Hepatobiliary/pancreatic disorders 27 (49) 7 (13) 28 (52) 5 (9)

Kidney/genitourinary disorders 4 (7) 0 2 (4) 0

Nervous system disorders 23 (42) 2 (4) 18 (33) 2 (4)

Other

Nausea or vomiting 41 (74) 1 (2) 37 (69) 4 (7)

Drug fever 6 (11) 1 (2) 11 (20) 3 (6)

Allergy or infusion reaction 1 (2) 1 (2) 2 (4) 0

All 54 (98) 42 (76) 53 (98) 43 (80)

Treatment-related morbidity 10 (18) 12 (22)

Anemia, thrombocytopenia or infection
of CTCAE grade IV

0 0

Any organ toxic effect of CTCAE
grade III or IVa

10 (18) 12 (22)

Onset of treatment-related morbidity

During first 4 therapy applications 10 (18) 10 (19)

During further N-AVD cycles 0 2 (4)

Any serious adverse event 21 (38) 15 (28)

Abbreviations: CTCAE, Common
Terminology Criteria for Adverse
Events; N-AVD, nivolumab and
doxorubicin, vinblastine, and
dacarbazine.
a Including the predefined system

organ class categories cardiac,
gastrointestinal, hepatobiliary,
nervous system, kidney and urinary,
respiratory, thoracic, and
mediastinal disorders.

Table 3. Supportive Measures

Prophylactic treatments

Therapy, No. (%)
Concomitant
(n=55)

Sequential
(n=54)

Corticosteroid prophylaxis 46 (84) 44 (81)

At first dose of study therapy 40 (73) 34 (63)

Antihistamine prophylaxis 14 (25) 15 (28)

Antibiotic prophylaxis 19 (35) 16 (30)

Antiviral prophylaxis 10 (18) 9 (17)

Antiemetic prophylaxis 41 (75) 34 (63)

Granulocyte-colony stimulating
factor prophylaxis

32 (58) 31 (57)

Efficacy of Nivolumab and AVD in Early-Stage Unfavorable Classic Hodgkin Lymphoma (NIVAHL) Original Investigation Research
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the CheckMate 205 study20 not in CR at the end of treatment
by central review were deemed to be in CR by the treating phy-
sician and did not receive additional therapy (7 of 12 patients
in the CheckMate 205 study; 7 of 7 patients in NIVAHL). Im-
portantly, 6 of 7 nonresponders in the present study were

deemed to be in CR at last follow-up. These observations high-
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point for investigating anti–PD-1 cHL therapy, as it likely causes
underestimation of its true efficacy.
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sponse and ideally a cure with first-line therapy is of highest
priority, and PFS is therefore considered a more robust end
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Respiratory tract disorders 12 (22) 0 13 (24) 1 (2)
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Other

Nausea or vomiting 41 (74) 1 (2) 37 (69) 4 (7)

Drug fever 6 (11) 1 (2) 11 (20) 3 (6)

Allergy or infusion reaction 1 (2) 1 (2) 2 (4) 0

All 54 (98) 42 (76) 53 (98) 43 (80)

Treatment-related morbidity 10 (18) 12 (22)
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of CTCAE grade IV
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Any organ toxic effect of CTCAE
grade III or IVa

10 (18) 12 (22)
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During first 4 therapy applications 10 (18) 10 (19)

During further N-AVD cycles 0 2 (4)
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My personal experience

3 colitis GRADE 4

2 arthritis soronegatives in cronic treatment

1 recently fatal death from fulminant hepatitis



FRONTLINE INTENSIFIED ABVD DEMONSTRATES 
SUPERIOR EFFICACY THAN PET-ADAPTED ABVD IN 
ADVANCED HODGKIN LYMPHOMA: THE FIL-ROUGE 
PHASE 3 TRIAL BY THE FONDAZIONE ITALIANA 
LINFOMI

17ISHL- Lugano
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Study design and primary safety endpoint 
TRMB

BrECADD, brentuximab vedotin + etoposide + cyclophosphamide + doxorubicin + dacarbazine + dexamethasone; escBEACOPP, escalated BEACOPP (bleomycin + etoposide + doxorubicin + cyclophosphamide + vincristine + procarbazine + prednisone); 
CT, computed tomography; CTCAE, Common Terminology Criteria for Adverse Events; FU, follow-up; neg., negative; PET(2), positron emission tomography (after 2 cycles); pos., positive; RD, radiotherapy; TRMB, treatment-related morbidity.
Borchmann P et al. Oral presentation 317. Presented at the 64th American Society of Hematology Annual Meeting, December 10–13, 2022.

Primary Safety Endpoint: 
Superiority for treatment-related 
morbidity (TRMB)

o Acute non-hematological 
organ toxicity of CTCAE 
grade 3 or 4 

o Acute hematological 
toxicity: grade 4 anemia, 
grade 4 thrombocytopenia, 
and grade 4 infections 
during primary 
chemotherapy up to 
12 months

End of therapy staging: PET-positive consolidative radiotherapy; PET-negative FU

2 x escBEACOPP

PET2/CT staging

2 x BrECADD

4x
escBEACOPP

Randomization

2x
escBEACOPP

4x
BrECADD

2x
BrECADD

PET2 neg. PET2 pos. PET2 neg. PET2 pos.

17ISHL- Lugano



Remodeling escBEACOPP with brentuximab 
vedotin

BrECADD, brentuximab vedotin + etoposide + cyclophosphamide + doxorubicin + dacarbazine + dexamethasone; escBEACOPP, escalated BEACOPP (bleomycin + etoposide + doxorubicin + cyclophosphamide + vincristine + procarbazine + prednisone);
hem, hematologic; MDS, myelodysplasia; sAML, secondary acute myeloid leukemia; tox, toxicity.
1. Diehl V et al. N Engl J Med 2003;348:2386–9. 
Borchmann P et al. Oral presentation 317. Presented at the 64th American Society of Hematology Annual Meeting, December 10–13, 2022

Drug Day 
escBEACOPP1

Dose (mg/m²)
BrECADD

Dose (mg/m²) Potential improvement

Bleomycin 8 10 - Lung tox
Etoposide 1–3 200 150 Hem tox, transfusion frequency
Doxorubicin 1 35 40
Cyclophosphamide 1 1,250 1,250
Vincristine 8 1.4 - Neuropathy
Brentuximab vedotin 1 - 1.8 mg/kg
Procarbazine 1–7 100 - Gonadal tox, sAML/MDS
Prednisone 1–14 40 - Weight, bone, infections
Dacarbazine 2–3 - 250
Dexamethasone 1–4 - 40



Demographics and patient characteristics 
(1/2)

*Stratification factors for randomization, also used for test of TRMB; †excluded from ITT-TRMB.
AU, Australia; BrECADD, brentuximab vedotin + etoposide + cyclophosphamide + doxorubicin + dacarbazine + dexamethasone; escBEACOPP, escalated BEACOPP (bleomycin + etoposide + doxorubicin + cyclophosphamide + vincristine + procarbazine 
+ prednisone); ECOG PS, Eastern Cooperative Oncology Group Performance Status; IPS, International Prognostic Score; ITT, intent-to-treat; NZ, New Zealand; TRMB, treatment-related morbidity.
Borchmann P et al. Oral presentation 317. Presented at the 64th American Society of Hematology Annual Meeting, December 10–13, 2022.

ITT-TRMB escBEACOPP 
N=732

BrECADD 
N=738

N % N %
Location of 
recruitment*

Europe 676 92 680 92
AU, NZ 56 8 58 8

Sex*

Female 320 43 328 44
Male 412 56 410 56

Age*

<45 571 78 584 79
≥45 161 22 154 21

IPS*

<3 396 54 390 53
≥3 336 46 348 47

ITT-TRMB escBEACOPP 
N=732

BrECADD 
N=738

N % N %

ECOG PS
0 515 70 507 69
1 199 27 220 30
2 18 3 11 2

B symptoms 490 67 506 69

Ann Arbor stage*

IIA† 2 <1

IIB 116 16 117 16
IIIA 131 18 129 18
IIIB 156 21 161 22
IVA 111 15 101 14
IVB 218 30 227 31



PFS in the ITT population

BrECADD, brentuximab vedotin, etoposide, cyclophosphamide, doxorubicin, dacarbazine, dexamethasone; CI, confidence interval; escBEACOPP, escalated bleomycin, etoposide, doxorubicin, cyclophosphamide, vincristine, 
procarbazine, prednisone; HR, hazard ratio; ITT, intention-to-treat; PFS, progression-free survival.

Borchmann P et al. Oral presentation LBA4. Presented at the 17th International Conference on Malignant Lymphoma, June 13–17, 2023.

escBEACOPP
(N=740)

BrECADD
(N=742)

n % n %

Progression/relapse 55 7.4 32 4.3

Progression 14 1.9 5 0.7

Early relapse, follow-up ≤1 year 23 3.1 11 1.5

Late relapse, follow-up >1 year 18 2.4 16 2.2

Death without previous progression or 
relapse 6 0.9 7 0.9

Total PFS events 61 8.4 39 5.3

3-year PFS in the ITT population

With an HR of 0.63 for PFS (in favor of BrECADD), the HR bound of 1.02 is excluded and non-inferiority of BrECADD established vs
escBEACOPP. The 99% CI for the HR (1.07–0.37) indicates a trend towards superiority (to be determined at final analysis with 95% CI)

PFS events at a median follow-up of 40 months



§ 56 patients
§ IPS >2
§ FU 47 months
§ OS 92,5%
§ PFS 79,2% IC 

68,9- 91%

Santa Casa São Paulo 

BEACODD in Brazil (Santa 
Casa São Paulo- public center)

Engert A. The Lancet. 2012



§ 56 patients
§ IPS >2
§ FU 47 months
§ OS 92,5%

§ PFS 79,2% IC 68,9- 91%

Santa Casa São Paulo 

Brazilian Registry

PFS 5 years: 62%
OS  5 Years: 80%

Accepted article, in press

BEACODD in Brazil (Santa 
Casa São Paulo- public center)



Accepted article. In press

BEACODD in Brazil (Santa 
Casa São Paulo- public center)

All patients
n=31

500mg/m2

n=17
375mg/m2

n=14
p value

De-escalation to ABVD, n (%):
No

Yes
23 (74.2)
8 (25.8)

9 (52.9)
8 (47.1)

14 (100)
0 (0)

0.003

First line response, n (%):
No information

Complete remission
Refractory disease

5 (16.1)
23 (74.2)

3 (9.7)

3 (17.6)
13 (76.5)

1 (5.9)

2 (14.3)
10 (71.4)
2 (14.3)

>0.84

Relapse or Progression, n (%):
No

Yes
27 (87.1)
4 (12.9)

15 (88.2)
2 (11.8)

12 (85.7)
2 (14.3)

>0.99

Febrile Neutropenia, n (%):
No

Yes
17 (54.8)
14 (45.2)

9 (52.9)
8 (47.1)

8 (57.1)
6 (42.9)

>0.99

Hospitalization for Febrile Neutropenia, n (%):
No

Yes 18 (58.1)
13 (41.9)

9 (52.9)
8 (47.1)

9 (64.3)
5 (35.7)

0.786

Number of cycles with diagnose of febrile 
neutropenia, n (%): 19 (11.8) 14 (17.9) 5 (6.1)

0.004



Costs

VI NiVO-
AVD

$101.000

IV-VI 
BEACODD

$20.000-
30.000



Linfoma de Hodgkin- Estamos 
listos para iPD1 en 1L?

Claro que si- siempre listos



No necessitamos aun

Tenemos tratamientos effectivos y menos custosos

Nivo-AVD aun tiene poco tiempo de observacion



“Espere um 
poco más” 



“Respire y 
refleja” 



“No tenga miedo”
BEACODD/iABVD son 
eficazes, menos costoso, 
solo requieren coraje 



Case

Hombre, 33 años, com LH clássico 
con sudoración nocturna. Hb 11,5, 
albumina 3,8, leuco 10.000 e 
linfócitos 800. PET com etapa IV

eBEACODD 4x
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