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Abstract Approximately 560 new cases of Hodgkin lympho-
ma (HL) are diagnosed annually in Australia. Standard first-
line therapy is ABVD (doxorubicin, bleomycin, vinblastine,
dacarbazine). It is unknown how survival outcomes in patients
receiving ABVD in current clinical practice, with routine pos-
itron emission tomography (PET) imaging and modern sup-
portive measures, compare with results from published trials.
This is a retrospective multi-centre study of patients with pre-
viously untreated HL between November 1999 and December
2014 receiving ABVD induction. Baseline characteristics,
treatment details, toxicity and outcome data were collected
from hospital records. The primary endpoint was overall sur-
vival (OS). Secondary endpoints included overall response
rate (ORR), progression-free survival (PFS), response to treat-
ment and toxicity. One hundred and eighty-nine eligible
patients were identified. Median age was 32 years (range
17–79). Nodular-sclerosing HL was the most common sub-
type (78 %), 44 % had B symptoms and 11 % had marrow
involvement. Median number of cycles of ABVD adminis-
tered was 6 (range 3–8). Eighteen patients (11 %) had dose
delay, 21 (13 %) had dose reductions and 11 (8 %) had both.
The ORR, defined predominantly by PETscan, was 96% (CR
89 %). Five-year OS and PFS were 93 and 84 %, respectively

in early disease (stage I–IIA) and 89 and 63 % in advanced
disease (stage IIB, III and IV). No poor prognostic factors
were identified on multivariate testing. The most common
grade 3/4 toxicity was neutropenia (53%). Our study confirms
the excellent prognosis and manageable toxicity in HL pa-
tients receiving ABVD in phase III studies are reflected in
patients treated in routine clinical practice in the modern era.
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Introduction

Hodgkin lymphoma (HL) is an uncommon lymphoma with
approximately 560 new cases of classical HL diagnosed an-
nually in Australia [1, 2]. The advent of multi-agent chemo-
therapy and improved approaches to radiation therapy have
led to HL being one of the most curable malignancies with
long-term survival rates above 90% in early-stage disease [3].
However, a proportion of patients, particularly those with poor
prognosis advanced disease, often relapse and ultimately suc-
cumb to disease [4]. The combination of doxorubicin,
bleomycin, vinblastine, and dacarbazine (ABVD) was intro-
duced in the mid-1970s as treatment for HL and has remained
a first-line standard of care for patients with newly diagnosed
HL in many countries although the optimum number of cycles
and use of radiotherapy in conjunction with ABVD is still
disputed [5]. Whilst ABVD has been evaluated in large-scale,
phase III studies, it is uncertain whether these results are
reproduced outside the context of clinical trials. This study
aims to assess survival outcomes and toxicity from ABVD,
for the first time, in an Australian cohort of HL.
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Methods

Patients aged ≥16 years with a diagnosis of HL who received
ABVD chemotherapy between November 1999 and
December 2014 were identified from an electronic pharmacy
database across three large metropolitan centres. All informa-
tionwas obtained from patient records. Baseline data collected
included gender, age, histopathological subtype, date of diag-
nosis, baseline computed tomography (CT) and positron emis-
sion tomography (PET) staging, bone marrow involvement, B
symptoms and baseline biochemistry including erythrocyte
sedimentation rate (ESR). Early disease was defined as stage
IA, IB, IIA and stage II with unknown B symptomswhich was
encompassable in a single radiotherapy field. Patients with
stage IIB, III and IV disease were considered to have ad-
vanced disease and treated with the advanced disease protocol
at our institutions. Early disease was not routinely categorised
into favourable and unfavourable disease as this stratification
does not alter management at our institutions. The
International Prognostic Score (IPS) was calculated where
possible in advanced disease [6]. Treatment details including
the number of cycles of ABVD, whether involved field radio-
therapy was given, granulocyte colony stimulating factor
(GCSF) use, dose reductions, dose delays and toxicity were
documented along with details of disease relapse and survival.
Dose reduction was defined as a documented, clinician-
intended cessation or dose reduction of any drug by any
amount whilst dose delay was a delay of any duration due to
toxicity. Any toxicity documented in patient notes was record-
ed in addition to abnormal biochemistry and haematology
results and graded according to the National Cancer Institute
Common Terminology Criteria for Adverse Events (NCI-
CTCAE v4.0) where possible. The study was approved by
the institutional review boards of the hospitals involved.

Statistical considerations

The primary endpoint of the study was overall survival (OS).
Secondary endpoints included progression-free survival
(PFS), overall response rate (ORR) and toxicity from
ABVD. Lymphocyte-predominant subtype was included in
toxicity analysis but excluded from OS and PFS analysis, as
were patients with insufficient information regarding disease
status at last known follow-up. Fisher’s exact test was used to
compare CR rates for statistical significance; factors analysed
in univariate analysis included age (<45 versus ≥45 years), B
symptoms (present versus absent), ESR ≥upper limit of nor-
mal local laboratory range (yes versus no), disease status (ear-
ly stage versus advanced stage), dose delay (yes versus no),
dose reduction (yes versus no) and in advanced disease, bone
marrow involvement (yes versus no) and IPS (<4 versus ≥4);
differences were considered significant if p values were <0.05

(two-sided). All statistically significant univariate results were
assessed by multivariate analysis.

OS was measured from the date of diagnosis until death
from any cause. Subjects alive were censored at date last
followed up. PFS was measured from the date of diagnosis
until disease progression, relapse or death from any cause.
Those without disease progression at last date of follow-up
were censored. Survival functions were estimated using the
Kaplan-Meier method with calculation of median and five-
year OS and EFS and compared using the log-rank test. The
2007 International Working Group revised response criteria
was used for response assessment [7]. PET was used to stage
patients and assess response at the end of treatment; however,
no management was changed according to on-treatment PET
results (i.e. no PET-adaptive therapy was performed).

Results

Overall, 189 eligible patients were identified between
November 1999 and December 2014 (Fig. 1). Baseline char-
acteristics and treatment details are summarised in Table 1.
Both contrast-enhanced CT and PET/CT were performed at
baseline in 128 patients; 8 of whom had staging increased by
PET/CT assessment in comparison to contrast-enhanced CT.
Eighty-one patients received adjunct radiotherapy with
chemotherapy.

Data were available to evaluate response to treatment in
165 patients (Table 2). The ORR was 95 % with CR in
89 %; CR was confirmed by PET in 91 %. The CR rate was
significantly lower in advanced disease compared with early
disease (83 versus 97 %, p<0.01). A lower CR rate was as-
sociated with B symptoms (82 versus 95 %, p=0.03) but not
with bone marrow involvement in advanced disease patients.
Advanced age (p=0.17) and high IPS (p=0.8) in advanced
disease did not predict for inferior CR rates.

One hundred and sixty patients were eligible for survival
analysis. Median follow-up for OS and PFS was 44 months
(range 1–175months) and 37months (1–173months), respec-
tively. The estimated five-year OS and PFS in the 160 patients
were 91 and 71 %, respectively (Fig. 2a).

Five-year OS was 93 % (95 % CI, 76–98) in patients with
early disease and 89 % (95 % CI, 78–95) in advanced disease
(p=0.09; Fig. 2b). On univariate analysis, a statistically sig-
nificant inferior OS was associated with age ≥45 years (five-
year OS 84 versus 94 % for age <45, p<0.01); however, the
presence of B symptoms (90 versus 94 %, p=0.09) and ele-
vated ESR (89 versus 100 %, p=0.14) was not statistically
significant. In the advanced disease cohort, an inferior five-
year OS was associated with an IPS ≥4 (71 versus 100 %,
p < 0.01), bone marrow involvement (69 versus 90 %,
p<0.01) and any dose change during treatment, being either
delay, reduction or both (75 versus 93 %, p<0.01; Table 3).
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However, none of these factors predicted for worse outcomes
on multivariate analysis.

In contrast to OS, the five-year PFS was significantly infe-
rior in advanced disease compared with early disease (63 ver-
sus 84 %, p<0.01; Fig. 2c). On univariate analysis, an elevat-
ed ESR (63 versus 94 %, p=0.04) and presence of B symp-
toms (61 versus 87 %, p<0.01) at presentation were also
associated with an inferior PFS. In advanced disease, five-
year PFS was worse in patients with an IPS ≥4 (35 versus
82 %, p<0.01), bone marrow involvement (8 versus 69 %,
p<0.01) and any dose change (54 versus 81 %, p=0.05).
However, none of these were statistically significant on mul-
tivariate testing. Age did not predict for inferior PFS (61 % in
patients aged ≥45 years versus 75 % in age <45, p=0.09).

In total, 8 patients with early disease (8 %) and 25 patients
with advanced disease (15 %) had either primary progressive
or relapsed disease; 12 of these patients had an initial partial
response or primary progressive disease with 21 patients in
initial CR relapsing at a later date. The median time-to-relapse
following first-line treatment in patients with early disease
was 13 months (3–39 months) compared to 15 months (range
2–43 months) in advanced disease. In the patients in PR at
completion of ABVD, four were monitored with no further
treatment required (three advanced disease, one early stage
disease) and six patients progressed and proceeded to

subsequent salvage chemotherapy plus autologous stem cell
transplant (ASCT) (five advanced stage, one early stage dis-
ease). Fourteen of the 22 patients who relapsed/progressed
following an initial CR to ABVD proceeded to salvage che-
motherapy plus ASCT. Eighteen of 22 patients who received
ASCT had CR (64 %) however 2 patients subsequently re-
lapsed and died. Of the 19 patients (11 %) who had partial
response or primary progressive disease following ABVD, 14
proceeded to salvage chemotherapy plus ASCT.

Toxicity analysis was conducted on 189 patients (Table 3)
although not all patients were completely evaluable. Mild
anaemia was the most common toxicity overall, but neutrope-
nia was the most common grade 3–4 toxicity (53 %), with
similar rates in early (53 %; 40/76) and advanced disease
(54 %; 49/91). Forty-six percent of all patients received
GCSF support. Only one septic death occurred in the context
of febrile neutropenia. Thirteen percent of evaluable patients
(21/157) had dose reduction, 11 % (18/162) had a dose delay
and 8 % (11/132) had both. The most common reasons for
dose delay were febrile neutropenia (12/29) and pulmonary
toxicity (9/29). The most common reason for dose reduction
was pulmonary toxicity (20/32), followed by febrile neutro-
penia (7/32). Amongst the 25 patients who had pulmonary
toxicity, 23 patients had either dose reduction or delay and
10 patients went on to have radiotherapy. All pulmonary

Fig. 1 Summary of patient
selection. ABVD doxorubicin,
bleomycin, vinblastine
dacarbazine; OS overall survival;
PFS progression-free survival
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toxicity occurred during or immediately following chemother-
apy; no clinically significant pulmonary toxicity was diag-
nosed after radiotherapy delivery. Nineteen patients developed
peripheral neuropathy but only four subsequently had a dose
reduction of vinblastine. There was no documented grade 3 or
4 cardiac toxicity. Two patients (1 %) developed subsequent
malignancies; both were early-stage colorectal cancer.

Twelve of the 160 evaluable patients died: eight from HL
(primary disease progression in five and subsequent to relapse
in three), one neutropenic sepsis and three from transplant-
related toxicities (one sepsis, two graft versus host disease).
No deaths occurred from cardiac disease, pulmonary toxicity
or second malignancies. Of note, five of the deaths occurred
>5 years following initial diagnosis—including two of the
transplant-related deaths and three disease-related following
multiple lines of therapy.

Discussion

ABVD has been the accepted standard of care for first-line
treatment of HL for at least three decades in many regions of
the world [5, 8]. Outcomes have improved over time, presum-
ably due to better supportive care measures, more accurate
staging and response assessment with functional imaging
and increased options for relapsed disease [3]. The standard
regimen for most patients in Australia is 2–4 cycles of
ABVD+ IFRT for early-disease HL, and 6 cycles of ABVD
in advanced disease. BEACOPP is an alternative, particularly
for patients under 60 years of age, which offers improved
disease control rates compared to ABVD at a cost of increased
acute and late toxicity with conflicting data on overall survival
benefit, largely due to the late effects of BEACOPP and lack
of studies using overall survival as the primary endpoint
[9–13]. Several studies have reported improved progression-
free survival with BEACOPP compared to ABVD and
ABVD-like regimens; however, with longer follow-up, this
may differ. In the 10-year follow-up of the German HD9
study, overall survival was superior with escalated
BEACOPP compared to COPP-ABVD; however, both arms
had similar rates of secondary malignancy (5–6 %) and
COPP-ABVD is known to have increased toxicity compared
to ABVD alone with no proven equivalent efficacy, hence is
not a current standard [12]. In the only long-term follow-up of
a study comparing BEACOPP to ABVD alone, there was no
difference in PFS or OS at 10 years between the two regimens,
which is likely due to the low rate of second malignancies in
the ABVD arm (0.9 % compared to 6.7 % with BEACOPP)
and the success of salvage treatment in the higher proportion
of ABVD patients who relapsed [13]. A meta-analysis, which
recently concluded that 6 cycles of escalated BEACOPP sig-
nificantly improve OS compared with ABVD ‘and other reg-
imens’, did not use individual patient data and included only

Table 1 Baseline patient characteristics

Baseline characteristics (%)

n= 189 (%)

Age, years
Median (range) 32 (17–79)
≥45 (%) 47 (25)

Gender (%)
Male 96 (51)
Female 93 (49)

HL subtype
NS 148 (78)
MC 13 (7)
LP 14 (7)
Unclassified 14 (7)

Stage at diagnosis
I 20 (11)
II 107 (57)
III 30 (16)
IV 30 (16)
Unknown 2 (1)

Disease status
Early disease 85 (45)
Advanced disease 102 (54)
Unknown 2 (1)

B symptoms
Yes 69 (37)
No 89 (47)
Unknown 31 (16)

Bone marrow involvement in advanced disease
Yes 14 (8)
No 67 (65)
Unknown/not recorded 21 (28)

Hasenclever score in advanced disease (n = 96)
0 4 (4)
1 11 (11)
2 18 (19)
3 21 (22)
4 18 (19)
5+ 12 (13)
Insufficient data to calculate 12 (13)

Chemotherapy
ABVD 180 (95)
AVD 7 (4)
modified ABVD 2 (1)
Early disease
≤4 cycles ABVD 51 (60)
5–6 cycles ABVD 32 (38)
Unknown 2

Advanced disease
≤4 cycles of ABVD 13 (13)
5–6 cycles of ABVD 88 (86)
Unknown 1

Radiotherapy +ABVD (81/189)
4 cycles of ABVD 55 (29)
≥6 cycles of ABVD 26 (14)

NS nodular-sclerosing, MC mixed cellularity, LP lymphocyte-
predominant
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one study that randomised patients to 6 cycles of escalated
BEACOPP which recruited patients 5–10 years after those
recruiting patients to ABVD/ABVD-like regimens with only
4 years median follow-up [14]. Based on these large published
reports, in line with most centres in the USA and UK, the three
institutions in this study use ABVD as the main first-line reg-
imen. Despite ABVD being a longstanding upfront therapy,
this is the first Australian study, to our knowledge, to assess
survival outcomes and toxicity in a cohort of HL patients and
one of the largest to review the use of ABVD in the routine
clinical setting outside the context of a trial.

The varying definitions of early and advanced disease are
problematic in directly comparing the outcomes in our study
with published results from a trial setting [15]. Moreover,

differences in outcome may reflect discrepancies in fitness
and age between trial and non-trial patient populations, the
former being subject to the bias from fulfilling trial eligibility
criteria. With these obvious caveats, the five-year OS in our
study in both early and advanced disease is comparable with
published trials [3, 16–19].

Recognising that our early-stage patients have not been
categorised into favourable versus unfavourable disease, with
respect to PFS, in the early disease cohort, the 5-year PFS of
84 % (95 % CI, 70–92) is numerically lower than both the
early favourable disease patients in the German HD10 study
receiving four cycles of ABVD and 30 Gy radiotherapy
(94 %; 95 % CI, 90–96) and the early unfavourable patients
in the HD14 study (89 %; 95 % CI, 86–92) [16, 20].

Table 2 Treatment outcomes
Complete
response n (%)

Partial
response n (%)

Overall response
rate n (%)

Progressive
disease n (%)

All patients n= 165 147 (89) 11 (7) 158 (96) 8 (4)

Early stage n= 73 71 (97) 2 (3) 73 (100) 0

Advanced stage n= 92 76 (83) 8 (9) 84 (92) 8 (9)

PET response n= 147 133 (90) 9 (6) 5 (4)

Early stage n= 67 65 (97) 2 (3) 67 (100) 0

Advanced stage n= 80 68 (85) 7 (9) 75 (94) 5 (6)

PET positron emission tomography

Fig. 2 Survival. a Overall and progression-free survival. b Overall survival according to stage. c Progression-free survival according to stage
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In advanced disease, the five-year PFS of 63 % (95 % CI,
51–74) also appears numerically lower than those in published
randomised studies, which range from 71–76 %. All confi-
dence intervals quoted overlap with that in our analysis [9,
18, 19, 21]. Our inclusion of patients who would have been
trial-ineligible may be a factor contributing to the lower PFS,
as similarly illustrated by a recent retrospective series from
Slovenia in 314 HL patients with advanced disease which
reported comparable five-year OS (76 %) to published trials
but lower five-year PFS (62 %) respectively [22].

One of the study objectives was to determine the rates of
toxicity with ABVD in a clinical setting and the decisions
made by physicians relating to dose reductions or delays.
Reporting of toxicity in retrospective studies relies on consis-
tent, detailed documentation and, therefore, our rates of ad-
verse events are potentially under-represented; however, we
used results of investigations where possible to minimise this
bias. The main haematological toxicity was grade 3–4 neutro-
penia, with the incidence of 53 % comparable with observed
rates in other studies in advanced disease [10]. However the
53 % grade 3–4 neutropenia in our early-disease population
was considerably higher than the 23 % reported in two other
studies of early disease [16, 20]. This disparity could be at-
tributed to reluctance to dose modify or delay in clinical care
and/or the practice at one of our centres of only administering
GCSF in patients who experience febrile neutropenia. Despite
the rate of GCSF use (46 %) being considerably lower than in
some other studies (75 %) [18], few neutropenic patients in
our cohort developed infectious sequelae.

Pulmonary toxicity of any grade occurred in 15 % with the
majority occurring in the first 3 cycles and resulting in dose
reductions/delays of bleomycin in 23 of the 25 patients. Due

to the retrospective nature of the study, it was not possible to
accurately grade the severity of lung toxicity, but the rates we
report are similar to the reported 10–21 % pulmonary toxicity
of any grade in published studies [17, 18]. Of note, all diag-
noses of pulmonary toxicity were made during or immediately
following chemotherapy delivery, before any radiotherapy
was delivered so it can be assumed all lung toxicity in our
cohort was due to bleomycin. No serious cardiac complica-
tions or deaths from second malignancies occurred, although
we note that follow-up is currently inadequate to fully assess
this.

A limitation to determining the specific reasons for dose
delay or reduction was the co-existence of multiple toxicities.
In this study, patients with advanced disease who also had
dose delay and/or reduction had poorer outcomes, but this
did not reach statistical significance on multivariate analysis,
suggesting other confounding factors potentially contribute to
this in our population. A much larger study of the patients
recruited to HD12 and HD15 trials [23] showed no difference
in outcomes associated with dose reductions of bleomycin and
vincristine. Bleomycin was the most commonly omitted or
reduced drug in our cohort, followed by vinblastine; however,
in elderly patients recruited to another study, dose intensity of
less than 65 % was associated with inferior survival [24].

In conclusion, our study confirms the excellent overall sur-
vival and acceptable toxicity of first-line ABVD chemothera-
py in patients with HL and is consistent with reports from
large phase III studies. Improvements in outcome may occur
with better selection of patients for more intensive therapies
using PET-directed approaches and newer molecular charac-
terisation techniques, and modifications to combination che-
motherapies such as ABVD and the alternative regimen

Table 3 Toxicity analysis
Acute toxicity, n= 189 All grades n/evaluable

patientsa (%)
Grade 3 or 4 n/evaluable
patientsa (%)

Anaemia 135/169 (80) 6/169 (4)

Thrombocytopenia 31/170 (18) 6/170 (4)

Neutropenia 128/168 (76) 89/168 (53)
GCSF support 78/168 (46)

Febrile neutropenia 20/160 (13)

Renal impairment 4/150 (3) 0

Non-neutropenic infectionb 42/158 (27) N/A

Lung toxicityb 25/172 (15) N/A
Cycles ≤3 22/172 (13)

Cycles >3 3/172 (2)

Neuropathyb 19/155 (12) N/A

Nausea or vomitingb 105/157 (7) N/A

Stomatitisb 34/154 (22) N/A

(%) is the percentage of those who had documentation of presence or absence of relevant toxicity
a Evaluable patients = number of patients able to be assessed for this toxicity
b Unable to be graded so only recorded as ‘all grades’
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escalated BEACOPP. The potential use of non-bleomycin reg-
imens in the elderly [25] and replacement of bleomycin with
brentuximab vedotin, an antibody drug conjugate targeting
CD30, is currently under investigation in both early [26] and
advanced disease [27], although these are yet to be proven
superior to ABVD or BEACOPP in a randomised phase III
trial. Incorporation of programmed cell death 1 monoclonal
antibodies [28], reduced irradiation doses and new radiother-
apy techniques including involved nodal irradiation may also
result in reductions in relapse and long-term toxicity, respec-
tively. However, in the interim, based on our results, we con-
tinue to favour ABVD chemotherapy at our institutions for the
majority of HL patients.

Compliance with ethical standards

Conflict of interest The authors declare that they have no conflict of
interest.

References

1. Matsuki E, Younes A (2015) Lymphomagenesis in Hodgkin lym-
phoma. Semin Cancer Biol. doi:10.1016/j.semcancer.2015.02.002

2. Australian Institute of Health and Welfare (2012) Cancer incidence
projections: Australia, 2011 to 2020, vol 66. Cancer Series. AIHW,
Canberra

3. Meyer RM, Gospodarowicz MK, Connors JM, Pearcey RG, Wells
WA, Winter JN, Horning SJ, Dar AR, Shustik C, Stewart DA,
Crump M, Djurfeldt MS, Chen BE, Shepherd LE (2012) ABVD
alone versus radiation-based therapy in limited-stage Hodgkin’s
lymphoma. N Engl J Med 366(5):399–408. doi:10.1056/
NEJMoa1111961

4. Moccia AA, Donaldson J, Chhanabhai M, Hoskins PJ, Klasa RJ,
Savage KJ, Shenkier TN, Slack GW, Skinnider B, Gascoyne RD,
Connors JM, Sehn LH (2012) International prognostic score in
advanced-stage Hodgkin’s lymphoma: altered utility in the modern
era. J Clin Oncol: Off J AmSoc Clin Oncol 30(27):3383–3388. doi:
10.1200/JCO.2011.41.0910

5. Bonadonna G, Zucali R, Monfardini S, De Lena M, Uslenghi C
(1975) Combination chemotherapy of Hodgkin’s disease with
adriamycin, bleomycin, vinblastine, and imidazole carboxamide
versus MOPP. Cancer 36(1):252–259

6. Hasenclever D, Diehl V, Armitage JO, Assouline D, Björkholm M,
Brusamolino E, Canellos GP, Carde P, Crowther D, Cunningham
D, Eghbali H, Ferm C, Fisher RI, Glick JH, Glimelius B, Gobbi PG,
Holte H, Horning SJ, Lister TA, Longo DL, Mandelli F, Polliack A,
Proctor SJ, Specht L, Sweetenham JW, Hudson GV (1998) A prog-
nostic score for advanced Hodgkin’s disease. N Engl J Med
339(21):1506–1514. doi:10.1056/NEJM199811193392104

7. Cheson BD, Pfistner B, Juweid ME, Gascoyne RD, Specht L,
Horning SJ, Coiffier B, Fisher RI, Hagenbeek A, Zucca E, Rosen
ST, Stroobants S, Lister TA, Hoppe RT, Dreyling M, Tobinai K,
Vose JM, Connors JM, Federico M, Diehl V (2007) Revised re-
sponse criteria for malignant lymphoma. J Clin Oncol: Off J Am
Soc Clin Oncol 25(5):579–586. doi:10.1200/jco.2006.09.2403

8. Bonadonna G, Santoro A (1982) ABVD chemotherapy in the treat-
ment of Hodgkin’s disease. Cancer Treat Rev 9(1):21–35

9. Viviani S, Zinzani PL, Rambaldi A, Brusamolino E, Levis A,
Bonfante V, Vitolo U, Pulsoni A, Liberati AM, Specchia G,
Valagussa P, Rossi A, Zaja F, Pogliani EM, Pregno P, Gotti M,

Gallamini A, Scalabrini DR, Bonadonna G, Gianni AM (2011)
ABVD versus BEACOPP for Hodgkin’s lymphoma when high-
dose salvage is planned. N Engl J Med 365(3):203–212. doi:10.
1056/NEJMoa1100340

10. Mounier N, Brice P, Bologna S, Briere J, Gaillard I, Heczko M,
Gabarre J, Casasnovas O, Jaubert J, Colin P, Delmer A, Devidas A,
Bachy E, Nicolas-Virelizier E, Aoudjhane A, Humbrecht C, Andre
M, Carde P (2014) ABVD (8 cycles) versus BEACOPP (4 escalat-
ed cycles ≥4 baseline): final results in stage III-IV low-risk Hodgkin
lymphoma (IPS 0–2) of the LYSA H34 randomized trial. Ann
Oncol: Off J Eur Soc Med Oncol / ESMO 25(8):1622–1628. doi:
10.1093/annonc/mdu189

11. Diehl V, Franklin J, Pfreundschuh M, Lathan B, Paulus U,
Hasenclever D, Tesch H, Herrmann R, Dorken B, Muller-
Hermelink HK, Duhmke E, Loeffler M (2003) Standard and
increased-dose BEACOPP chemotherapy compared with COPP-
ABVD for advanced Hodgkin’s disease. N Engl J Med 348(24):
2386–2395. doi:10.1056/NEJMoa022473

12. Engert A, Diehl V, Franklin J, Lohri A, Dorken B, Ludwig WD,
Koch P, Hanel M, Pfreundschuh M, Wilhelm M, Trumper L,
Aulitzky WE, Bentz M, Rummel M, Sezer O, Muller-Hermelink
HK, Hasenclever D, Loffler M (2009) Escalated-dose BEACOPP
in the treatment of patients with advanced-stage Hodgkin’s lympho-
ma: 10 years of follow-up of the GHSG HD9 study. J Clin Oncol:
Off J Am Soc Clin Oncol 27(27):4548–4554. doi:10.1200/jco.
2008.19.8820

13. Merli F, Luminari S, Gobbi PG, Cascavilla N, Mammi C, Ilariucci
F, Stelitano C, Musso M, Baldini L, Galimberti S, Angrilli F,
Polimeno G, Scalzulli PR, Ferrari A, Marcheselli L, Federico M
(2015) Long-term results of the HD2000 trial comparing ABVD
versus BEACOPP versus COPP-EBV-CAD in untreated patients
with advanced Hodgkin lymphoma: a study by Fondazione
Italiana Linfomi. J Clin Oncol: Off J Am Soc Clin Oncol. doi:10.
1200/jco.2015.62.4817

14. Skoetz N, Trelle S, Rancea M, Haverkamp H, Diehl V, Engert A,
Borchmann P (2013) Effect of initial treatment strategy on survival
of patients with advanced-stage Hodgkin’s lymphoma: a systematic
review and network meta-analysis. Lancet Oncol 14(10):943–952.
doi:10.1016/s1470-2045(13)70341-3

15. Younes A (2012) Early-stage hodgkin’s lymphoma: in pursuit of
perfection. J Clin Oncol: Off J Am Soc Clin Oncol 30(9):895–896.
doi:10.1200/JCO.2011.40.1661

16. Engert A, Plutschow A, Eich HT, Lohri A, Dorken B, Borchmann
P, Berger B, Greil R, Willborn KC, Wilhelm M, Debus J, Eble MJ,
Sokler M, Ho A, Rank A, Ganser A, Trumper L, Bokemeyer C,
Kirchner H, Schubert J, Kral Z, Fuchs M, Muller-Hermelink HK,
Muller RP, Diehl V (2010) Reduced treatment intensity in patients
with early-stage Hodgkin’s lymphoma. N Engl J Med 363(7):640–
652. doi:10.1056/NEJMoa1000067

17. Canellos GP, Abramson JS, Fisher DC, LaCasce AS (2010)
Treatment of favorable, limited-stage Hodgkin’s lymphoma with
chemotherapy without consolidation by radiation therapy. J Clin
Oncol: Off J Am Soc Clin Oncol 28(9):1611–1615. doi:10.1200/
jco.2009.25.3260

18. Hoskin PJ, Lowry L, Horwich A, Jack A, Mead B, Hancock BW,
Smith P, Qian W, Patrick P, Popova B, Pettitt A, Cunningham D,
Pettengell R, Sweetenham J, Linch D, Johnson PW (2009)
Randomized comparison of the Stanford V regimen and ABVD
in the treatment of advanced Hodgkin’s lymphoma: United
Kingdom national cancer research institute lymphoma group study
ISRCTN64141244. J Clin Oncol: Off J AmSocClin Oncol 27(32):
5390–5396. doi:10.1200/JCO.2009.23.3239

19. Gordon LI, Hong F, Fisher RI, Bartlett NL, Connors JM, Gascoyne
RD,Wagner H, Stiff PJ, Cheson BD, GospodarowiczM, Advani R,
Kahl BS, Friedberg JW, Blum KA, Habermann TM, Tuscano JM,
Hoppe RT, Horning SJ (2013) Randomized phase III trial of ABVD

Ann Hematol (2016) 95:809–816 815

http://dx.doi.org/10.1016/j.semcancer.2015.02.002
http://dx.doi.org/10.1056/NEJMoa1111961
http://dx.doi.org/10.1056/NEJMoa1111961
http://dx.doi.org/10.1200/JCO.2011.41.0910
http://dx.doi.org/10.1056/NEJM199811193392104
http://dx.doi.org/10.1200/jco.2006.09.2403
http://dx.doi.org/10.1056/NEJMoa1100340
http://dx.doi.org/10.1056/NEJMoa1100340
http://dx.doi.org/10.1093/annonc/mdu189
http://dx.doi.org/10.1056/NEJMoa022473
http://dx.doi.org/10.1200/jco.2008.19.8820
http://dx.doi.org/10.1200/jco.2008.19.8820
http://dx.doi.org/10.1200/jco.2015.62.4817
http://dx.doi.org/10.1200/jco.2015.62.4817
http://dx.doi.org/10.1016/s1470-2045(13)70341-3
http://dx.doi.org/10.1200/JCO.2011.40.1661
http://dx.doi.org/10.1056/NEJMoa1000067
http://dx.doi.org/10.1200/jco.2009.25.3260
http://dx.doi.org/10.1200/jco.2009.25.3260
http://dx.doi.org/10.1200/JCO.2009.23.3239


versus Stanford V with or without radiation therapy in locally ex-
tensive and advanced-stage Hodgkin lymphoma: an intergroup
study coordinated by the eastern cooperative oncology group
(E2496). J Clin Oncol: Off J Am Soc Clin Oncol 31(6):684–691.
doi:10.1200/jco.2012.43.4803

20. von Tresckow B, Plutschow A, Fuchs M, Klimm B, Markova J,
Lohri A, Kral Z, Greil R, ToppMS,Meissner J, Zijlstra JM, Soekler
M, Stein H, Eich HT, Mueller RP, Diehl V, Borchmann P, Engert A
(2012) Dose-intensification in early unfavorable Hodgkin’s lym-
phoma: final analysis of the German Hodgkin study group HD14
trial. J Clin Oncol: Off J Am Soc Clin Oncol 30(9):907–913. doi:
10.1200/JCO.2011.38.5807

21. Gobbi PG, Levis A, Chisesi T, Broglia C, Vitolo U, Stelitano C,
Pavone V, Cavanna L, Santini G, Merli F, Liberati M, Baldini L,
Deliliers GL, Angelucci E, Bordonaro R, Federico M (2005) ABVD
versus modified Stanford V versus MOPPEBVCAD with optional
and limited radiotherapy in intermediate- and advanced-stage
Hodgkin’s lymphoma: final results of a multicenter randomized trial
by the Intergruppo Italiano Linfomi. J Clin Oncol: Off J Am Soc Clin
Oncol 23(36):9198–9207. doi:10.1200/jco.2005.02.907

22. Andjelic B, Antic D, Jakovic L, Todorovic M, Bogdanovic A,
Djurasinovic V, Bila J, Mihaljevic B (2014) A single institution
experience on 314 newly diagnosed advanced Hodgkin lymphoma
patients: the role of ABVD in daily practice. Eur J Haematol 93(5):
392–399. doi:10.1111/ejh.12364

23. Haverkamp H, Boll B, Eichenauer DA, Sasse S, Fuchs M,
Borchmann P, Diehl V, Engert A, von Tresckow B (2015) Impact
of bleomycin and vincristine dose reductions in patients with ad-
vanced Hodgkin lymphoma treated with BEACOPP: an analysis of
the German Hodgkin study group HD12 and HD15 trials. J Clin

Oncol :Off J Am Soc Clin Oncol 33(22):2430–2436. doi:10.1200/
jco.2014.60.4264

24. Landgren O, Algernon C, Axdorph U, Nilsson B, Wedelin C,
Porwit-MacDonald A, Grimfors G, Bjorkholm M (2003)
Hodgkin’s lymphoma in the elderly with special reference to type
and intensity of chemotherapy in relation to prognosis.
Haematologica 88(4):438–444

25. Boll B, Bredenfeld H, Gorgen H, Halbsguth T, Eich HT, SoeklerM,
Markova J, Keller U, Graeven U, Kremers S, Geissler M, Trenn G,
Fuchs M, von Tresckow B, Eichenauer DA, Borchmann P, Engert
A (2011) Phase 2 study of PVAG (prednisone, vinblastine, doxoru-
bicin, gemcitabine) in elderly patients with early unfavorable or
advanced stage Hodgkin lymphoma. Blood 118(24):6292–6298.
doi:10.1182/blood-2011-07-368167

26. Abramson JS, Arnason JE, LaCasce AS, Redd R, Barnes JA, Sokol
L, Joyce R, Avigan D, Neuberg DS, Takvorian T, Hochberg EP,
Bello CM (2015) Brentuximab vedotin plus AVD for non-bulky
limited stage Hodgkin lymphoma: a phase II trial. Journal of clinical
oncology: official journal of the American Society of Clinical
Oncology 33 (suppl; abstr 8505)

27. Ansell S, Connors J, Park S, O’Meara M, Younes A (2012)
Frontline therapy with brentuximab vedotin combined with
ABVD or AVD in patients with newly diagnosed advanced stage
Hodgkin lymphoma. ASH Ann Meet Abstr 120(21):798

28. Ansell SM, Lesokhin AM, Borrello I, Halwani A, Scott EC,
Gutierrez M, Schuster SJ, Millenson MM, Cattry D, Freeman GJ,
Rodig SJ, Chapuy B, Ligon AH, Zhu L, Grosso JF, Kim SY,
Timmerman JM, ShippMA, Armand P (2015) PD-1 blockade with
nivolumab in relapsed or refractory Hodgkin’s lymphoma. N Engl J
Med 372(4):311–319. doi:10.1056/NEJMoa1411087

816 Ann Hematol (2016) 95:809–816

http://dx.doi.org/10.1200/jco.2012.43.4803
http://dx.doi.org/10.1200/JCO.2011.38.5807
http://dx.doi.org/10.1200/jco.2005.02.907
http://dx.doi.org/10.1111/ejh.12364
http://dx.doi.org/10.1200/jco.2014.60.4264
http://dx.doi.org/10.1200/jco.2014.60.4264
http://dx.doi.org/10.1182/blood-2011-07-368167
http://dx.doi.org/10.1056/NEJMoa1411087

	Hodgkin lymphoma: an Australian experience of ABVD chemotherapy in the modern era
	Abstract
	Introduction
	Methods
	Statistical considerations
	Results
	Discussion
	References


