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1 | INTRODUCTION

Classical Hodgkin lymphoma (cHL) is a highly curable malignancy with a
reported 90% survival at 5 years [1]. However, patients with advanced
stage cHL who fail to respond to front-line therapy generally fare a

poor prognosis. Outcomes for patients with relapsed or refractory cHL
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Abstract

Classical Hodgkin lymphoma (cHL) is curable in 90% of cases, but advanced stage
patients who do not respond well to first-line (1L) therapy have poorer outcomes. This
retrospective study examines patient characteristics, treatment patterns, clinical out-
comes, and safety management of 1L cHL therapies in common clinical practice in Italy
(IT), Israel (IL), and Spain (SP). The overall sample (n = 256) included patients with stage
IIb to IV cHL, of which 86.3% received ABVD as 1L therapy (n = 221). Clinical outcomes
were similar for the overall population and ABVD subsample: complete response (CR)
in 75% and 76.5%; 30-month (30-mo) survival (OS) of 92.5% and 93.6%; and 30-mo
progression-free survival (PFS) of 70.7% and 72.6%. Thirty-month PFS was signifi-
cantly lower for patients > 60 years and/or with high (4-7) IPS. Treatment-induced pul-
monary and cardiac toxicities, and febrile neutropenia occurred, respectively, in 10%,
2.3%, and 6.8% of ABVD-treated patients. Interim PET or PET-CT scans were per-
formed after two cycles of 1L therapy (PET2) for 70.3% and 66.6% of the overall and
ABVD cohorts, respectively. PET2 positive rates were nearly 30% (49/173), yet PET-
adapted strategy of dose modification only occurred in a small fraction of patients.

KEYWORDS
Advanced stage Hodgkin’s lymphoma, clinical outcome, frontline chemotherapy, interim PET
scans, safety

have greatly improved in the era of immunomodulatory and antibody-
drug conjugate therapies, but toxicity associated with long-term
treatment represents a considerable burden in these patients [2].

In the last two decades, the standard-of-care for patients with pre-
viously untreated advanced stage cHL has included two chemother-

apy regimens, administered either alone or followed by radiation
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therapy (RT) [3, 4]. These are doxorubicin, bleomycin, vinblastine
and dacarbazine (ABVD)- or a variant minus bleomycin (AVD)- and
dose-escalated bleomycin, etoposide, doxorubicin, cyclophosphamide,
vincristine, procarbazine and prednisone (eBEACOPP) [5-7]. Although
highly effective, these treatments are associated with a significant risk
of adverse events (AEs) and toxicity, in particular bleomycin-related
pulmonary toxicity, cardiotoxicity, neutropenia, and other complica-
tions such as infection, anemia, peripheral neuropathy, and alopecia
[8, 9]. Treatment with eBEACOPP may result in a marginally improved
overall survival (OS) at 5 years [10, 11], but is more toxic than ABVD
[12, 13]. Recently, a phase Il clinical trial pointed out brentuximab
vedotin (A) as a promising alternative to bleomycin, in combination
with AVD, for 1L treatment [14].

Physician treatment choice is currently made according to risk
stratification provided by the International Prognostic Score (IPS), age,
disease stage and, more recently is being adjusted by interim response
assessment commonly provided by positron emission tomography
(PET) and/or computed tomography (CT) scans [15, 16]. Results from
PET/CT performed after 2 cycles of therapy (PET2) are used for
response-adapted therapy management, offering a balance between
risk of AE and survival outcomes [17]. When PET2 findings are deemed
negative, the most commonly adopted approach is to discontinue the
compound with the weakest anti-lymphoma activity, bleomycin, in
order to reduce the risk of pulmonary toxicity [18] or to reduce the
number of treatment cycles [19]). Conversely, the treatment intensity
of PET2-positive patients may be increased, most often by switching
to eBEACOPP, but at the cost of an increased rate of acute toxicity
[20], gonadal damage, and second malignancies [21]. Nonetheless,
PET2-driven strategies have certain limitations. PET scans are not
always easily interpretable and PET2-negative patients do not always
display long-term remissions [21, 22].

Evidence from clinical practice allows to review the effectiveness
and safety of cHL treatments in cohorts representative of the gen-
eral population, including patients with comorbidities who may not
be included in clinical trials. The aim of this study was to examine
patient characteristics, treatment patterns, safety management, and
clinical outcomes associated with 1L systemic regimens used to treat
advanced stage cHL in Israel (IL), Italy (IT), and Spain (SP).

2 | MATERIALS AND METHODS

2.1 | Study design

This is an observational study consisting of a multicentric retrospec-
tive chart review analysis of 256 cHL patients, selected by hematol-
ogists and oncologists across large academic reference centers in IL
(n=1),IT (n = 13), and SP (n = 14). Hmatologists/oncologists were
randomly selected, while ensuring some level of geographic distribu-
tion across the countries and across settings (hospital [teaching/non-
teaching], cancer care unit or clinic), to ensure a case-mix of differ-

ent practice settings and protocols. Adult patients (18 years old or

over) who signed an informed consent; initially diagnosed between
March 2014 and August 2018 with Ann Arbor Clinical disease stage
Ilb (with extra-nodal involvement and/or large or bulky mediastinal
tumor), Il or IV cHL; receiving systemic chemotherapy as 1L treat-
ment, with or without RT were eligible for study inclusion. Inclusion
of patients with stage Ilb disease was in line with German Hodgkin
Disease Study Group (GHDSG) classification and clinical trial popula-
tions [6, 20]. Patients who received 1L therapy as part of a clinical trial
were excluded. The decision to perform interim PET2 scans was based
on clinical judgment of treating physicians. Physicians were asked to
submit complete patient treatment details and survival outcomes, and
indicate AEs and toxicities based on a list of common events, from the
time of initial cHL diagnosis to the most recent follow-up visit, in elec-

tronic case report forms.

2.2 | Statistical analyses

Descriptive statistics examined patient characteristics, 1L treatment
modalities, AE and clinical outcomes, by age (< or > 60 years old), IPS,
disease stage, and extra-nodal involvement. Patient characteristics are
presented as median (range) and mean (standard deviation, SD) for
continuous variables and number and percentages for categorical vari-
ables. Missing data were not imputed for analyses.

The 1L systemic treatment groups were ABVD, AVD, eBEACOPP
including de-escalated to ABVD (eBEACOPP;,itiation-based)> OF other
systemic therapy.

OS, PFS, and complete response (CR) at the end of 1L therapy were
described. OS was defined as the time between the start date of the
1L systemic therapy (index date) and the date of death (regardless of
the cause). PFS was defined as the time from the index date to the time
when disease progression or death were first observed. OS and PFS
were estimated using Kaplan-Meier (K-M) survival analysis methods.
P-values and two-sided 95% confidence interval (Cl) of estimates were
compared using Log rank test.

Version 9.4 of SAS® software (SAS Institute, Cary, NC, USA) was
used for all statistical analyses.

3 | RESULTS

3.1 | Patient characteristics

The demographic and baseline disease characteristics of the study
population by systemic 1L therapies are listed in Table 1. The over-
all cohort comprised 256 patients initially diagnosed with advanced
stage cHL, of which 51.2% were diagnosed with stage 1V, 34.3% with
stage IIl, and 14.5% with stage Ilb cHL (with bulky or extra-nodal dis-
ease). Thirty-five percent of patients were diagnosed after 2016. The
median age at cHL diagnosis was 39 years (range: 19-91 years). Over-
all, 42 patients (16.4%) were aged > 60 years, with slightly more males
(54.3%) affected (sex ratio 1.19). Patients were distributed across SP
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TABLE 1

Demographic and baseline disease characteristics of the overall study population by first-line (1L) systemic treatment. Data are

listed by country (IL, IT, and SP) or by age (< and > 60 years old). CCl, Charlson comorbidity index; ECOG, Eastern Cooperative Oncology Group; IL,

Israel; IT, Italy; SP, Spain

ABVD
(N=221)
N (%)
Age Mean (SD) 42.2(16)
Median [range] 39[19-83]
Gender Male 118 (53.4%)
Disease stage at 1b-I111 113 (51.1%)
st
Non bulky (< 10 cm) 147 (66.5%)
Bulky (> 10 cm) 49 (22.2%)
Unknown 25(11.3%)
IPS at diagnosis Low intermediate: [0-3] 144 (65.2%)
High: [4-7] 34 (15.4%)
Unknown 43(19.5%)
Extranodal disease at Yes 127 (57.5%)
initiation No 92 (41.6%)
Unknown 2(0.9%)
Patient performance ECOG=0-1 129 (58.4%)
status at diagnosis ECOG = 2+ 29 (13.1%)
Unknown 63(28.5%)
CCI" at 1L initiation Median index (range) 2.0[2-11]
Mean index (SD) 3.0(1.8)
B-symptoms At initiation of 1L 114 (51.6%)
Fatigue 67 (30.3%)

AVD BEACOPP* Other Overall total

(N=7) (N=22) (N=6) (N=256)

N (%) N (%) N (%) N (%)

66.7 (17.3) 41.2(10.6) 78(8.0) 40.7 (16.9)

73[35-82] 38[21-55] 78[65 -90] 39[19-91]
4(57.1%) 15 (68.2%) 2(33.3%) 139 (54.3%)
4(57.1%) 6(27.3%) 0 123 (48.0%)
3(42.9%) 16 (72.7%) 6(100.0%) 133(52.0%)
6(85.7%) 15 (68.2%) 5(83.3%) 173(67.6%)
0 7(31.8%) 0 56(21.9%)
1(14.3%) 0 1(16.7%) 27 (10.5%)
2(28.6%) 13(59.1%) 2(33.3%) 161 (62.9%)
4(57.1%) 9 (40.9%) 2(33.3%) 49 (19.1%)
1(14.3%) 0 2(33.3%) 46 (18.0%)
3(42.9%) 18 (81.8%) 5(83.3%) 153(59.8%)
4(57.1%) 4(18.2%) 1(16.7%) 101 (39.5%)
0 0 0 2(0.8%)
6(85.7%) 17 (77.3%) 4(66.7%) 156 (60.9%)
0 0 0 29 (11.3%)
1(14.3%) 5(22.7%) 1(16.7%) 70(27.3%)

5[2-9] 2.0[2-4] 6.5[5-8] 2.0[2-11]

55(2.2) 2.4(0.7) 6.5(1.0) 3.1(1.8)

4(57.1%) 18 (81.8%) 3(50.0%) 139 (54.3%)
3(42.9%) 11 (50.0%) 3(50.0%) 84 (32.8%)

Abbreviations: ABVD, doxorubicin, bleomycin, vinblastine and dacarbazine; AVD: a variant of ABVD minus bleomycin.
TBEACOPPitiation based» DlEOMYCIN, etoposide, doxorubicin, cyclophosphamide, vincristine, procarbazine and prednisone; “CClI, Charlson comorbidity index
(index range includes +2 for lymphoma); 1L, first line; B-symptoms, (i.e., weight loss, fever and/or night sweats); SD, standard deviation.

(41.3%), IT (35.5%), and IL (23.2%), with a moderately higher number
of older (>60 years) patients included in SP (21.5%) versus IT (15.7%)
and IL (8.3%). All other patient characteristics were largely consistent
across the three countries.

Overall, 62.9% patients included in this study had low to inter-
mediate IPS (0-3) at diagnosis and 59.8% presented with extra-nodal
disease. Forty-six (46) of the 256 patients (18.0%) had at least one
comorbidity at the time of treatment initiation, of whom 19 patients
(45.2%) were aged > 60 years. The most frequently reported comor-
bidities were chronic pulmonary disease (CPD, 5.1%, n = 13) and dia-
betes (4.3%, n = 11), and AIDS/HIV (3.1%, n = 8). The prevalence
of these comorbidities was similar in all patients, with the exception
of HIV/AIDS which was reported mostly in younger patients (n = 7
in < 60 years vs. n = 1 > 60 years). The mean Charlson comorbidity
index (CCl) at cHL diagnosis was 4.5 (median: 3.0, range: 3.0-9.0) and
was slightly higher in younger patients (n = 27 < 60 years with mean
CCI 4.9). The number of patients with one or more comorbidities was
slightly higher in SP (25.2%; n=27) thanIT (13.5%;n=12) or IL(11.7%,

n=7). This may be related to the slightly older age and/or the inclusion
of patients with HIV/AIDS reported only in SP.

Over half (54.3%, n = 139) of patients experienced one or more cHL-
related B symptoms (i.e., weight loss, fever, and/or night sweats) and
32.8% (n = 84) complained of fatigue at the time of treatment initiation.
Eastern Cooperative Oncology Group (ECOG) performance status was
0-1for 60.9% (n = 156) of all patients.

3.2 | Treatment modalities

The 1L treatments are shown in Table 2. The predominant 1L treat-
ment was ABVD (86.3%, n = 221), then eBEACOPP;,itiation-based (8-6%,
n = 22), AVD (2.7%, n = 7), and other systemic non-documented
therapy (2.3%, n = 6), for a mean duration of 22.2 (+4.2) weeks. Of
note, stage IV cHL patients represented 48.9% of ABVD- and 42.9%
of AVD-treated patients, versus 72.7% of eBEACOPP;,itiation-based -

treated patients.
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TABLE 2

First-line treatment, including type of chemotherapy regimen, interim PET2-scans and radiation therapy (RT). ABVD, doxorubicin,

bleomycin, vinblastine and dacarbazine; AVD, doxorubicin, vinblastine and dacarbazine; eBEACOPP;itiation-based doxorubicin» CYclophosphamide,

etoposide, vincristine, bleomycin, procarbazine and prednisone

ABVD AVD BEACOPP Other Overall total
(N=221) (N=7) (N=22) (N=6) (N=256)
N (%) N (%) N (%) N (%) N (%)
Duration of 1L N 191 7 22 5 225
therapy (weeks)  \1an (sD) 225(4.2) 22.3(2.3) 19.6(3.5) 19.2(4.9) 222(4.2)
Median [range] 22.4[6.0-45.0] 22.0[18.6-26.3] 22.1[10.3-26.0] 19.1[14.4-25.9] 22.3[6.0-45.0]
Cycles completed Less than 6 cycles 18 (8.1%) 0 0 1(16.7%) 36 (14.1%)
6 Cycles 187 (84.6%) 6(85.7%) 19 (86.4%) 3(50.0%) 215 (84.0%)
8 Cycles 5(2.3%) 0 0 0 5(2%)
Interim PET2* Yes 142 (66.6%) 7 (100.0%) 20(95.3%) 4 (80.0%) 173(70.3%)
evaluations No/unknown 79 (35.7%) 0 2(9.1%) 2(33.3%) 83 (32.4%)
N 142 7 20 4 173
PET2: evaluation Positive 42(29.6%) 1(14.3%) 4(20.0%) 2(50.0%) 49 (28.3%)
results Negative 96 (67.6%) 6(85.7%) 16 (80.0%) 2(50.0%) 120 (69.4%)
N 142 7 20 4 173
Dose modifications Dose escalation 15 (10.5%) 0 0 0 15 (8.6%)
Dose de-escalation 12 (8.5%) 0 15 (75%) 1(25%) 28 (16.2%)
no change 109 (76.8%) 7 (100%) 5(25%) 2(50%) 123 (48%)
Undocumented 6(4.2%) 0 0 1(25%) 7 (4%)
Radiation therapy N 32 0 0 1 33
=) Mean (SD) 5.9(9.1) 58(9.0)
Site of radiation N 32 0 1 33
treatment Localized 23(71.9%) 1 24.(72.7%)
Regional 8(25.0%) 8(24.2%)
Extensive 1(3.1%) 1(3.0%)
Rational for RT N 32 1 58
Consolidative therapy?® 21 (65.6%) 1 22 (66.7%)
Residual disease 10 (31.3%) 10 (30.3%)

Abbreviations: ABVD: doxorubicin, bleomycin, vinblastine and dacarbazine; AVD: a variant of ABVD minus bleomycin.
TBEACOPP;,itiation based» Bl€OMYcin, etoposide, doxorubicin, cyclophosphamide, vincristine, procarbazine and prednisone; PET2, Positron Emission Tomogra-

phy at cycle 2.
FPET/PET-CT scan; ; SD: standard deviation.
$Therapy without residual disease.

Most patients (84.0%) completed 6 cycles of 1L therapy, while 14.1%
interrupted treatment earlier. Among the 29 patients who ceased 1L
chemotherapy, 10 stopped because of disease progression, 4 because
of AEs (toxicity and/or infection), and 2 died before completing treat-
ment. In the 1L ABVD cohort, 187 (84.6%) patients completed 6 cycles
of therapy and 5 patients (2.3%) completed 8 cycles. Of note, 54
patients (24.4%) of the ABVD cohort received second line (2L) systemic
therapy, alone or in combination with ASCT for 18 patients (8.1%, data
not shown).

The median age of the study population was 39 years and sim-
ilar in both ABVD and eBEACOPP;,itiation-based treatment cohorts.

Whereas most of the 42 patients aged > 60 years were treated

with ABVD (73.8%; n =

AVD, the exclusion of bleomycin allowing a better tolerance of

31), 5 (11.9%) were preferentially given

chemotherapy. Conversely, only younger (median age 38 [range 21-
55] years), patients were treated with the more aggressive combina-
tion e BEACOPP;itiation-based-

A total of 173 (70.3%) of the study population (n = 142, 66.6% in
ABVD; n = 7, 100% in AVD; n = 20, 95.3% in eBEACOPP; itiation-based:
n = 4, 80% in other) underwent PET2 scans to assess treatment
efficacy. PET2 assessments were most often performed for more
advanced stages of the disease, with over half (52.1%) of ABVD-treated
patients undergoing PET2 initially diagnosed with stage IV cHL (vs.
31.0% for stage Ill and 16.9% for stage Il cHL). Among ABVD patients,
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FIGURE 1 Kaplan-Meier curves for progression-free survival (PFS) of the overall study population and the doxorubicin, bleomycin,

vinblastine and dacarbazine (ABVD)-treated subgroup; N, number of patients at risk

27 (19%) had PET2-driven modifications. PET2 scans were positive in
29.6% (n = 42). Thirteen of the PET2-positive patients (30.9%) were
offered escalation from ABVD. PET2 results were negative in the other
96 patients (67.6%), of whom 12 (12.5%) had a de-escalation and two
(2), (2.1%) had escalation of treatment dose. Of note, PET2 scans were
done with similar frequencies within the three countries (data not
shown).

RT was undertaken by 12.9% (n = 33) of the overall population,
nearly all of them (n = 32) following 1L ABVD chemotherapy. The
anatomical site of radiation was localized (72%), regional (25%), or
extensive (3%). RT was mostly given as a consolidation therapy in 65.6%
(n=21) of ABVD patients, or to treat residual disease in 31.3% (n = 10).
Utilization of RT appeared to vary within countries, with only 3.3%
(n = 2) of advanced stage cHL patients receiving RT in IL, against 19.1%
(h=17)inITand 13.1% (n = 14) in SP.

3.3 | Clinical outcomes

The mean (+SD) follow-up duration was 31.0 (+14.2) months (median:
30.3 months, 95% Cl, 2.4- 60.6 months) for the overall population and
31.2 (+14.1) months (median: 30.6 months, 95% Cl, 2.4-60.6 months)
for the 1L ABVD cohort.

At the end of 1L treatment, CR was achieved for 75.0% of the overall
study population and 76.5% of the 1L ABVD-treated patients. The esti-
mated 30-mo OS was 92.5% (95% Cl, 89.0%-96.0%) and 93.6% (95%
Cl, 90.1%-97.0%) for the overall and 1L ABVD cohorts, respectively
(data not shown). A total of 60 patients (27.1%) of the 1L ABVD cohort
experienced disease progression or died after or during treatment. The
estimated 30-mo PFS was 70.7% (95% Cl, 66.6%-78.7%) for the over-
all, and 72.6% (95% Cl, 69.3%-81.2%) for ABVD cohorts (Figure 1).

As expected, these values were significantly lower for patients with
high IPS (4-7) compared to those with low to intermediate scores at
diagnosis, both in the overall study sample (62% vs. 78%; P = 0.04) and
inthe 1L ABVD subgroup (64% vs. 79%; P = 0.02, Figure 2A). Likewise,
the estimated 30-mo PFS was significantly reduced for patients aged
60 or more, with only 47.6% (vs. 75.3% < 60 years; P = 0.0005) of the
overall study population and 53.2% (vs. 75.8% < 60 years, P = 0.006)
of the ABVD-treated patients remaining progression-free 30 months
after 1L treatment (Figure 2B). As one would expect, the 30-month
PFS was also reduced for patients presenting with positive results at
PET2 (Figure 2C). Although not statistically different, 30-mo PFS was
slightly lower for patients diagnosed with stage IV versus stage llb-
11l disease, and for patients presenting with extra-nodal disease, both
in the overall population or the ABVD subgroup (Figure 3A,B). Dur-
ing these 30 months, 25.8% of the overall population and 24.4% of
the ABVD cohort underwent subsequent 2L systemic chemotherapy,
with 50.9% of the ABVD subgroup initially diagnosed with stage IV cHL
receiving 2L treatment.

3.4 | Safety and patient management
Overall, 31 patients interrupted 1L treatment, 26 of whom belonging
to the ABVD cohort. The reasons for interruption of ABVD included
pulmonary toxicity (n = 3), infection (n = 2), neutropenia (n = 1), and
febrile neutropenia (n = 1). Moreover, ABVD dose was reduced for
six patients suffering from pulmonary toxicity and one patient with
neutropenia.

Atotal of 216 (84.4%) patients experienced at least one AE (Table 3).
The most frequent AE was all grade neutropenia: in 48.8% (n = 125)
and 47.1% (n = 104) of the overall and 1L ABVD cohorts, respectively,
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with a rate of febrile neutropenia of 10.9% (n = 28) and 6.8% (n = 15)
in overall and ABVD cohorts. The second and third most frequent AEs
were alopecia and anemia which affected, respectively, 31.2% (n = 69)
and 27.6% (n = 61) of ABVD-treated patients. Infections were reported
for 22.2% (n = 49) patients in the ABVD subgroup. Pulmonary toxicity
was reported in 10% (n = 22) and neuropathy in 5.9% (n = 13) of ABVD-
treated patients. Finally, cardiovascular and hepatic toxicity occurred,
respectively in 5 (2.3%) and 6 (2.7%) ABVD-treated patients. Of note,
among the ABVD patients suffering from cardiovascular and/or pul-
monary complications, 11 had undergone PET2 assessment and 3 had
treatment de-escalation.

AEs tended to be prevalent in patients aged > 60 years. In partic-
ular, in the ABVD-treated subgroup, febrile neutropenia was prevalent

in 16.1% of patients aged > 60 years compared to 5.3% in < 60 years old

(p < 0.05). Likewise, cardiac toxicity was prevalent in 9.7% of patients
aged > 60 years compared to 1.1% in < 60 years old (p < 0.05).

A majority (89.1%) of ABVD patients received at least one sup-
portive therapy to manage potential AEs induced by cHL treatment,
including Granulocyte Colony Stimulating Factor (G-CSF), Erythroid
Stimulating Agent (ESA), blood transfusion, antibiotic/antiviral prophy-
laxis, and/or other treatments (anti-emetic, anti-diarrheal, analgesic,
and/or dermatologic, Table 4). The rate of all grade neutropenia 47/58
(81.0%) and febrile neutropenia 8/58 (13.8%) were higher in patients
receiving secondary G-CSF as compared to primary prophylaxis [42/83
(50.6%) and 7/83 (8.4%)] (not presented in the table).

Death occurred in 19 (7.4%) patients in the overall cohort. Fifteen
patients (6.8%) in the ABVD cohort died of causes related to infection

(n=7),cHL (n = 4), organ failure (n = 3), or unknown cause (n = 1).
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TABLE 3 Treatment-emergent adverse events (AEs) in the overall study population and the ABVD subgroup. In each cohort, AEs are
presented by age (< and > 60 years old). *Chi-square test, Fisher exact P < 0.05

Systemic treatment 1L

ABVD (N =221)

Overall total (N = 256)

Age < 60 Age > 60 Age < 60 Age > 60

N=221 N=190 N=31 N=256 N=214 N=42

N (%) N (%) N (%) N (%) N (%) N (%)
Neutropenia (all-grade) 104 47.1 87 45.8 17 54.8 125 48.8 103 48.1 22 524
Febrile neutropenia 15 6.8 10 53 5 16.1° 28 10.9 21 9.8 7 16.7°
Anemia 61 27.6 49 25.8 12 38.7 82 320 66 30.8 16 38.1
Infection (bacterial/viral) 49 222 38 20 11 355 61 23.8 47 22 14 33.3
pulmonary toxicity 22 10 18 9.5 4 12.9 25 9.8 21 9.8 4 9.5
Cardiovascular complications 5 2.3 2 1.1 3 9.7 6 2.3 3 1.4 3 71
Neuropathy 13 5.9 11 5.8 2 6.5 18 7.0 15 7 3 7.1
Thrombocytopenia 6 2.7 5 2.6 1 3.2 13 51 12 5.6 1 2.4
Hepatic toxicity 6 2.7 5 2.6 1 3.2 6 2.3 5 2.3 1 24

Notes: Age at initiation of 1L; *Chi-square test, Fisher exact p < 0.05.

TABLE 4 Supportive therapies administered to ABVD-treated patients, presented by age (< and > 60 years old). AB/AV, antibiotic or antiviral
prophylaxis; ESA, Erythroid Stimulating Agent; G-CSF, Granulocyte colony stimulating factor. *Chi-square test, Fisher exact P < 0.05

ABVD (N =221)

Overall total (N = 256)

Age < 60 Age > 60 Age < 60 Age > 60

N=221 N=190 N=31 N=256 N=214 N=42

N (%) N (%) N (%) N (%) N (%) N (%)
Supportive therapy (at least one) 197 89.1 168 88 29 93.6 230 89.8 192 89.7 38 90.5
G-CSF 141 63.8 119 62.6 22 71 172 67.2 143 66.8 29 69.1
1° prophylaxis 83 37.6 69 36.3 14 45.2 107 41.8 89 41.6 18 42.9
2° prophylaxis 58 26.2 50 26.3 8 25.8 65 254 54 252 11 26.2
ESA 14 6.3 9 4.7 5 16.1° 15 5.9 9 4.2 6 14.3°
Blood transfusion 15 6.8 13 6.8 2 6.5 24 9.4 21 9.8 3 7.1
AB/AV 53 24.0 50 26.3 3 9.7 66 25.8 60 28" 6 14.3

Notes: Age at initiation of 1L; AB/AV, antibiotic or antiviral prophylaxis; ESA = erytroid stimulating agent; G-CSF, granulocyte-colony stimulating factor. *Chi-

square test, Fisher exact p < 0.05.

4 | DISCUSSION
Data collected retrospectively from the charts review of patients diag-
nosed with cHL over a 4-year period up to August 2018, showed that
ABVD was the most prevalent 1L systemic therapy used across three
countries: IL, IT, and SP. High IPS and age > 60 years were indicative of
lower PFS bothin the overall study population and the ABVD subgroup.
Other factors generally associated with poorer prognosis, such as stage
IV or the presence of extra-nodal disease, were also associated with a
decrease of 30-mo PFS in both cohorts, though this difference was not
statistically significant.

It has been suggested that PET2 assessments hold a superior
prognosis potential to IPS [22-24]. There continues to be a debate

surrounding the effectiveness of early-response PET assessments
to guide de-escalation of therapy for patients with a high prob-
ability of cure after ABVD therapy and escalation for those at
higher risk for treatment failure. Stephens et al. have reported unex-
pected high rates of relapse in PET2-negative patients treated with
six cycles of ABVD [21]. We cannot sufficiently address the prog-
nostic potential of PET2 assessments due to limitations of study
design (retrospective chart review). Furthermore, as PET2-guided
treatment strategies have only been incorporated into clinical guide-
lines in 2018 [25], we may not have adequately captured this
information at the time this study was undertaken. Further stud-
ies on the utility of PET2 in clinical practice settings would be of
value.
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The observed rate of PET2-positive scans (30%) was higher than in
clinical trials [14, 18], as often reported in studies in clinical practice
settings [26]. This may reflect the higher proportion of stage IV cHL
patients included in clinical practice [27]. We observed PET-adapted
strategy of treatment intensity modification occurred in a small frac-
tion of patients. This study reflects patient managementin clinical prac-
tice and as such, age of patients and higher rates of comorbidity in the
clinical practice setting may have influenced the decision to skip treat-
ment escalation. Of note, our retrospective study also included a higher
number of stage IV cHL patients (51.2%) than in previous real world
studies (28.9% [26]; 11.8% [28]). Furthermore, in the present study,
not all patients (approximately 67% of patients receiving ABVD) had
an interim PET evaluation at cycle 2; assessments were delayed for
approximately 12.6% of patients with PET3 and 13% with PET4.

Nonetheless, persistence of cHL disease, as detected in PET2-
positive scans, was associated with lower survival for ABVD-treated
patients. This observation highlights the pertinence to adapt treatment
of unresponsive patients as early as after two cycles of ABVD, and
to perform PET2 assessment as per guidelines as suggested in earlier
reports [18, 20, 28].

Increasing treatment intensity, most often from ABVD to eBEA-
COPP, which showed better initial results and is supported by data
from several clinical trials [11, 13, 18, 20, 21, 28, 29], exacerbates acute
toxicity and long-term organ damage [20, 28]. High rates of febrile neu-
tropenia are generally attributed to doxorubicin and dacarbazine, while
bleomycin also increases the risk of irreversible pulmonary damage [9,
30-32]. Brentuximab vedotin (A) in combination with AVD, an alter-
native 1L treatment option, is associated with substantially less pul-
monary toxicity than ABVD, however myelotoxicity and neurotoxicity
are increased (although myelotoxicity can be ameliorated with prophy-
lactic G-CSF and neurotoxicity is largely reversible). The A+AVD com-
bination appears to be more effective than ABVD for 1L treatment of
advanced-stage cHL [14, 33, 34], and may have a role in treatment of
older cHL patients and those with high IPS stage [35, 36], who tend to
have less favorable outcomes as shown in this study.

Even in patients with standard of care treatment (ABVD), the use
of supportive therapies, especially G-CSF is extensive. Neutropenia,
including febrile neutropenia, was greatly reduced when G-CSF was
used as a primary prophylactic treatment, in line with prior reports
[14]. Accordingly, prophylactic G-CSF was suggested to improve sur-
vival outcomes [33]).

In the present study in common clinical practice settings in IL,
IT and SP, ABVD was the most prevalent 1L systemic therapy. Sur-
vival outcomes remained lower than in clinical trials, especially for
older patients and for patients presenting with high IPS. Supportive
therapies were used in the majority of patients; reported treatment-
induced toxicities included pulmonary and cardiac toxicities and
febrile neutropenia. Evidence for use of PET scan assessments and
consequently, PET-guided treatment modification, was limited dur-
ing the study period. Unmet needs continue to exist with respect
to the balance between therapeutic efficacy and safety risks of 1L

therapy.

5 | STATEMENT OF SIGNIFICANCE

Patients with higher IPS consistently presented with poorer sur-
vival outcomes. Most of the patients were treated with ABVD as 1L
chemotherapy across all centers in three countries.

Despite being recommended after two cycles of 1L chemotherapy
in advanced cHL treatment guidelines, evidence for use of PET scan
assessments and consequently, PET-guided treatment modification,
was limited in common clinical practice in the three included countries
during the study period.

There remains an unmet need for both safer and more efficient 1L
therapy for advanced cHL patients presenting with unfavorable prog-
nostic factors and low therapeutic response after two cycles of 1L

chemotherapy.
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