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treatment in patients with advanced-stage diffuse large B-cell
lymphoma or classical Hodgkin lymphoma: Preliminary results of
a single-centre phase II study
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Summary

We evaluated the impact of liposomal doxorubicin (NPLD) supercharge-containing
therapy on interim fluorodeoxyglucose positron emission tomography (interim-
FDG-PET) responses in high-risk diffuse large B-cell lymphoma (DLBCL) or classi-
cal Hodgkin lymphoma (c-HL). In this phase II study (2016-2021), 81 adult patients
with advanced-stage DLBCL (n = 53) and c-HL (n = 28) received front-line treat-
ment with R-COMP-dose-intensified (DI) and MBVD-DI. R-COMP-DI consisted
of 70mg/m* of NPLD plus standard rituximab, cyclophosphamide, vincristine
and prednisone for three cycles (followed by three cycles with NPLD de-escalated
at 50 mg/m?); MBVD-DI consisted of 35mg/m?* of NPLD plus standard bleomycin,
vinblastine and dacarbazine for two cycles (followed by four cycles with NPLD de-
escalated at 25 mg/m?). Patients underwent R-COMP-DI and MBVD-DI with a me-
dian dose intensity of 91% and 94% respectively. At interim-FDG-PET, 72/81 patients
(one failed to undergo interim-FDG-PET due to early death) had a Deauville score
of <3. At end of treatment, 90% of patients reached complete responses. In all, 20
patients had Grade >3 adverse events, and four of them required hospitalisation. At
a median 21-months of follow-up, the progression-free survival of the entire popula-
tion was 77.3% (95% confidence interval 68%-88%). Our data suggest that the NPLD
supercharge-driven strategy in high-risk DLBCL/c-HL may be a promising option

to test in phase III trials, for improving negative interim-FDG-PET cases incidence.
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INTRODUCTION

Anthracycline plays a key role in the treatment of diffuse
large B-cell lymphoma (DLBCL) at a fixed dose of 50 mg/
m?” in rituximab, cyclophosphamide, hydroxydaunorubi-
cin, vincristine and prednisone (R-CHOP), and classical
Hodgkin lymphoma (c-HL) at a fixed dose of 25 mg/m? in
hydroxydaunorubicin (or adriamycin), bleomycin, vinblas-
tine and dacarbazine (ABVD).! R-CHOP and ABVD use
has led to remarkable results of efficacy in the cure of such
diseases, with a good tolerability profile.>® However, the
best choice of up-front therapy is still debated in the setting
of patients at high risk due to several remaining open is-
sues.> A growing number of clinical trials have identified
interim 2-deoxy-2[F-18] fluoro-D-glucose positron emis-
sion tomography (interim-FDG-PET) as a powerful predic-
tor of outcome, effectively assessing chemo-sensitivity in
both types of FDG-avid lymphomas.®” In advanced-stage
DLBCL and c-HL, by analysing the data, the pooled sum-
mary positivity rates of interim-FDG-PET were 38% (range,
35%-46%) following R-CHOP and 23% (range, 15%-43%)
following ABVD respectively.®’ In these patients with
positive interim-FDG-PET scans, the reported 2-year
progression-free survival (PFS) reached rates of 24%-77%
(median, 40%) for DLBCL and 28%-66% (median, 49%) for
c-HL.®” On the contrary, in patients with negative interim-
FDG-PET scans, it was 72%-90% (median, 78%) for DLBCL
and 81%-95% (median, 90%) for c-HL. Thus, efforts should
be made to improve the percentage of interim-FDG-PET
negativity in patients with baseline adverse prognostic
factors.*”’

The biological effects of the first cycles of chemotherapy
are critical in terms of lymphoma control.” Especially in
the presence of initial extensive disease, the prognosis of
patients with early complete metabolic remission (CMR) is
better than that of patients who have a late CMR to treat-
ment according to interim-FDG-PET results.®” Thus, in
patients with DLBCL or c-HL at high risk, individualised
dose escalation is predicted to be most effective when ap-
plied during the first cycles of anti-lymphomatous therapy.
Myocet™ is doxorubicin encapsulated in a non-pegylated
liposomal membrane of phosphatidylcholine and choles-
terol.® Non-pegylated liposomal doxorubicin (NPLD) was
initially used in the treatment of patients affected by breast
cancer, and a peculiar characteristic emerged for this
agent.” Liposome formulations spare the healthy tissues
characterised by tight endothelial capillary junctions, like
the heart muscle, from the direct cytotoxic drug effect.®’
For this reason, NPLD was suggested for the treatment
of elderly or cardiopathic patients with DLBCL or c¢-HL,
instead of hydroxydaunorubicin (at the same doses as in
R-CHOP and ABVD), thus constituting new regimens, so
called R-COMP and MBVD respectively.'”'* The schemes
resulted as a safe option, with activity profile compara-
ble to historical R-CHOP and ABVD data.'”** Liposomal
doxorubicin at increased dose may have some pharma-
cokinetic and pharmacodynamic advantages': it rapidly

accumulates at high levels within tumour-associated mac-
rophages of the lymphadenopathy microenvironment, and
within the reticuloendothelial system (RES) of the spleen,
liver, lung, and bone."* " In real-life, these effects might be
perceived as a great benefit in those patients with DLBCL
or c-HL with a high tumour burden, regardless of age or
comorbidities.

We designed a dose-intensified (DI) version of both R-
COMP and MBVD scheme by using a supercharge dose
of NPLD in R-COMP (named R-COMP-DI) and MBVD
(named MBVD-DI). In this prospective study, patients
with newly diagnosed advanced-stage DLBCL received R-
COMP-DI for a total of three cycles followed by three cycles
of R-COMP (with NPLD at standard dose), and patients with
newly diagnosed advanced-stage c-HL received MBVD-DI
for a total of two cycles followed by four cycles of MBVD
(with NPLD at standard dose). The primary end-point was
the activity of the liposomal doxorubicin supercharge-based
front-line strategy in terms of interim-FDG-PET negativ-
ity. Secondary end-points were end-of-treatment (EoT)
responses, toxicity (including cardiologic side-effects), fea-
sibility and PFS.

PATIENTS AND METHODS
Study design

This was an unsponsored, single-centre, single-arm,
two-stage, open label, phase II trial conducted in the
Haematology Unit of the Federico II University of Naples
(Italy) from 1 March 2016 to 31 January 2021. We designed
the trial for patients with malignant lymphomas well ac-
knowledged to be FDG avid (i.e. DLBCL, and c-HL),%7
with advanced-stage disease,”** and planned to receive
front-line therapy with the most popular anthracycline-
based regimens (i.e. R-CHOP and ABVD).>? All necessary
approvals were obtained from our ethics committee. The
study was undertaken in accordance with the Declaration
of Helsinki. All patients provided written informed consent
before study entry.

The primary objective of the study was to evaluate
whether the early intensification of front-line therapy by
using R-COMP-DI and MBVD-DI in patients with high-
risk DLBCL and c-HL*® respectively, could increase the
incidence of interim-FDG-PET negativity (according to the
Deauville scale [DS] 5-point scoring system for interpret-
ing FDG-PET scans).”"** Other objectives were EoT overall
response rate (according to the Lugano Classification),*"*?
haematological and extra-haematological toxicity (accord-
ing to the National Cancer Institute Common Terminology
Criteria for Adverse Events version 5.0), feasibility (ar-
bitrarily defined as <five patients receiving <85% of the
planned dose) and PFS (defined as the time from day 1 of
R-COMP-DI and MBVD-DI first dose to disease progres-
sion/relapse [event], death from any cause [event] or last
follow-up visit [censoring]).
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Noteworthy, the cardiologic toxicity profile was estab-
lished by using the echocardiography (ECG) assessment
of global systolic longitudinal myocardial strain (GLS), as
well as left ventricular ejection fraction (LVEF), according
to the guidelines of the Task Force for Cancer Treatments
and Cardiovascular Toxicity of the European Society of
Cardiology (ESC).>

Eligibility criteria

Patients aged 218 and <70years; with previously untreated,
biopsy confirmed DLBCL (germinal centre [GC], non-
germinal centre [N-GC] or not otherwise specified [NOS])
or c-HL according to the World Health Organization
Lymphoma Classification,”* % Ann Arbor Stage III or 1V,
Eastern Cooperative Group Performance Status (ECOG PS)
0-3, GLS >-20% at ECG assessment,*” and human immu-
nodeficiency virus negativity were eligible.

Patients were excluded if they were pregnant or breast-
feeding, had concomitant major illnesses (carbon monox-
ide diffusion capacity tests and/or forced expiratory volume
of <50% of predicted, creatinine clearance <30ml/min,
serum transaminases more than three-times the normal
value, total bilirubin >3.4 mg/dl, absolute neutrophil count
<0.50 x 10°/1, haemoglobin level <90g/1 and platelet count
<75x10%/1) or central nervous system (CNS) involvement.
According to our Institutional guidelines, all patients with
DLBCL included in the trial had baseline negative findings
of lymphoma at head FDG-PET and contrast-enhanced
magnetic resonance imaging scans, and/or lumbar punc-
ture.”” Myocardial infarction represented an exclusion
criterion only if diagnosed within 3 months prior to R-
COMP-DI or MBVD-DI start.
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Patients with reproductive potential were required to use
contraception during chemotherapy and for 6 months fol-
lowing completion.

Treatment plan

The schedules of study treatments are shown in detail in
Table 1. The dosages of Myocet™ in the R-COMP-DI and
MBVD-DI schemes were a personal extrapolation from
published in vitro and in vivo data, as they were not pre-
viously established.”*'**® However, the Myocet™ admin-
istrations were well within the ceiling dose of 785mg/m?
(the median lifetime dose reported for NPLD at the onset of
cardiotoxicity).”

Patients with DLBCL were scheduled to receive the first
three cycles of therapy with R-COMP-DI which consisted of
1-day outpatient intravenous (i.v.) infusions of Myocet™ at
an escalated dose of 70mg/m?, plus rituximab 375mg/m?,
cyclophosphamide 750 mg/m?, vincristine 1.4mg/m?® (up
to a maximal dose of 2mg) and prednisone 40 mg/m? per
day for 5days, at a 3-week interval. In the subsequent cycles
four to six, the patients were scheduled to receive R-COMP
which consisted of 1-day outpatient i.v. infusions of Myocet™
at a de-escalated dose of 50 mg/m?, together with rituximab,
cyclophosphamide, vincristine, and prednisone at standard
dosage, at a 3-week interval. The planned cumulative dose
of NPLD for patients with DLBCL was 210 mg/m” by giving
an increased dose of 70mg/m” in the first three cycles, and
150 mg/m? by giving a standard dose of 50 mg/m? in the later
three cycles. With this design, the dose-intensity of liposo-
mal doxorubicin in cycles one to three of the planned series
of R-COMP-DI was increased to 140% of standard dosage,
whereas the cumulative dose over six cycles (three courses of

TABLE 1 Drugdoses, schedule and treatment administration details of R-COMP-DI and MBVD-DI
Cycle DI L-Dox initial
Dose, Total dose L-Dox mg/m” (%  cycles as % of
Drug mg/m? Days 1 2 3 4 5 6 standardscheme) standard scheme
R-COMP-DI NPLD-DI 70 1 1ol 360 (120) 140
NPLD 50 1 Lol
Cyclophosphamide 750 1 N A
Vincristine 1.4 1 L l 1
Prednisone 40 1-5 L T
Rituximab 375 1 ol l [
MBVD-DI NPLD-DI 35 L4 | 340 (113) 140
NPLD 25 1, 14 O
Bleomycin 10 1,14 N A
Vinblastine 6 1,14 A
Dacarbazine 375 1,14 b0 00U

Note: Dose-intensity of non-pegylated liposomal doxorubicin in cycles one to three for R-COMP-DI and one to two for MBVD-DI, and cumulative doses of non-pegylated

liposomal doxorubicin over six cycles relative to standard schemes of R-CHOP and ABVD are also shown.

23

Abbreviations: DI, dose-intensified; L-Dox, liposomal doxorubicin; NPLD, non-pegylated liposomal doxorubicin; R-COMP, rituximab, cyclophosfamide, vincristine,

Myocet™, prednisone; MBVD, Myocet™, bleomycin, vinblastine, dacarbazine.
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R-COMP-DI + three courses of R-COMP) was restricted to
360 mg/m* (120% of standard dose).

Patients with c-HL were scheduled to receive the first two
cycles of therapy with MBVD-DI which consisted of 1-day
outpatient i.v. infusions of Myocet™ at an escalated dose of
35mg/m’, plus bleomycin 10mg/m?, vinblastine 6 mg/m?,
dacarbazine 375 mg/m” on days 1 and 14 of each course every
28days. In the subsequent cycles three to six, the patients
were scheduled to receive MBVD which consisted of 1-day
outpatient i.v. infusions of Myocet™ at a de-escalated dose of
25mg/m” together with bleomycin, vinblastine and dacar-
bazine at standard dosage on days 1 and 14 of each course
every 28 days. The planned cumulative dose of NPLD for pa-
tients with c-HL was 140 mg/m” by giving an increased dose
of 35mg/m? in the first two cycles, and 200 mg/m? by giving
a standard dose of 25mg/m” in the later four cycles. With
this design, the dose intensity of liposomal doxorubicin in
cycles one and two of the planned series of MBVD-DI was
increased to 140% of standard dosage, whereas the cumu-
lative dose over six cycles (two courses of MBVD-DI +four
courses of MBVD) was restricted to 3»40mg/m2 (113% of
standard dose).

Post-chemotherapy consolidation radiotherapy
(c-RT)

For those cases with initial large nodal mass (defined as sys-
temic adenopathy with the largest diameter >5cm), c-RT
at 30 Gy was given (after EoT PET assessments, following
the scheduled six R-COMP-DI or MBVD-DI cycles) on re-
sidual bulky area, that is, containing post-chemotherapy
FDG-PET-negative nodes of >2.0cm at CT scans as already
reported.”®*

Supportive care

For the study purpose, particular attention was given
to primary prophylaxis. Long-acting recombinant
granulocyte-colony stimulating factor (G-CSF), i.e. lipeg-
filgrastim (a glycopegylated modification of filgrastim:
Lonquex®) was routinely administered subcutaneously
in patients with DLBCL on day 3 of every 3-week cycle
of R-COMP-DI and R-COMP, and in patients with c-HL
on days 3 and 17 of every 4-week cycle of MBVD-DI and
MBVD.

Patients routinely received methylprednisolone at 200 mg
i.v. and diphenhydramine at 50mg i.v., and febuxostat at
80 mg orally (plus hyper-hydration) in every course.

In addition, anti-microbials drugs were administered for
each patient as follows: trimethoprim-sulfamethoxazole at
960 (160 + 800) mg orally every 12h for twice a week and acy-
clovir at 800 mg orally daily from the start of chemotherapy
until 1 month after the last cycle. Other supportive medica-
tions were given at investigator discretion.

Evaluations and assessments

The FDG-PET examinations were conducted at staging, in-
terim (after the planned third course of R-COMP-DI [be-
tween days 18-20] and second course of MBVD-DI [between
days 25-27]), EoT and thereafter every 3-6 months, as previ-
ously described.?® *° The FDG-PET results were reported ac-
cording to the DS score using visual assessment followed by
quantitative verification as already described.*"** Negative
FDG-PET scans were defined as a DS score of <3, and posi-
tive FDG-PET scans were defined as DS scores of 4 and 5
(Supplemental data, FDG-PET assessments).

All patients were scheduled to undergo a full cardiologic
examination, two-dimensional ECG, and speckle tracking
ECG (STE) at baseline, interim, EoT and within 6 months
from the end of all antineoplastic treatments, as already re-
ported.* Clinical cardiologist experts in ECG (G. Esposito,
CG. Tocchetti, R. Esposito, M. Prastaro) analysed each study
for standard ECG and strain measurements (Supplemental
data, cardiologic assessments).

Physical examination and bone marrow biopsy were also
performed at baseline, and then at investigator discretion.
Routine blood laboratory test monitoring was performed be-
fore every cycle of chemotherapy, for each patient.

Statistical analysis

A Simon's two-stage design based on the objective response
at interim PET (after three R-COMP-DI cycles and two
MBVD-DI cycles) was used to define the statistical rule and
the sample size.”> An overall CMR rate of at least 89% as
the target activity level and 76% as the lowest acceptable re-
sponse rate were considered. The study was designed to have
90% power to accept the hypothesis and a 5% significance to
reject the hypothesis. Therefore, the probability of accepting
a therapy with a real response rate of <76% and the risk of
rejecting a treatment with a response rate of 89% would be,
in both cases, <5%.

At the first-stage, and in order to proceed to stage II,
33 patients were assessed for interim-FDG-PET examina-
tions. If there were <26 negative interim-FDG-PET scans in
the initial 33 patients, the study would have been stopped.
Otherwise, 48 additional patients were planned to be ac-
crued for a total of 81 patients. At the second-stage, more
than 67 negative interim-FDG-PET scans in the 81 pa-
tients enrolled were required for the liposomal doxorubicin
supercharge-containing regimens to be deemed worthy of
further investigation. At the second-stage, patients were fol-
lowed-up for a minimum of 18 weeks (corresponding to six
cycles of study treatment). To assess the primary end-point,
assuming a dropout rate of 9%, we planned to enrol the first
89 consecutive patients (starting from 1 March 2016) with de
novo diagnosis of DLBCL and c-HL (plus the above reported
eligibility criteria) to have at least 81 evaluable interim PET
cases.
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All efficacy evaluations were performed in the intention-
to-treat (ITT) population unless otherwise specified. Safety
was analysed in patients who received at least one dose of
the trial drug (the safety population). Patients' character-
istics, response rate, toxicity and safety data were reported
descriptively as number and percentage, or as median and
range. Survival curves were estimated by the Kaplan-Meier
method. Cox regression analysis was used to estimate the
hazard ratio (HR) and the 95% confidence interval (CI)
for the treatment effect on PFS. The stratification factors
included histological types of lymphomas, B symptoms,
bulky disease, nodal and/or extra-nodal sites involved,
and International Prognostic Index (IPI) and International
Prognostic Score (IPS) risk group at baseline, respectively
for DLBCL and c-HL. Differences between groups were
tested by the log-rank test, and Student's t-test. The p value
for statistical significance was set at 0.05 for all evaluations.
Statistical analysis was performed using R software (version
4.1).

RESULTS
Patient characteristics

Between March 2016 to January 2021, 89 consecutive patients
with advanced-stage DLBCL (n = 59) and c-HL (n = 30) were
enrolled. However, eight patients were excluded from the
study during the screening procedure: three due to incor-
rect upstaging for ambiguous radiological findings (in fact,
ultrasonography-guided core-needle biopsy results of sub-
diaphragmatic lymphadenopathies [suspected at PET scans]
moved these three patients from Stage I1I to Stage II [i.e. only
supra-diaphragmatic lymph nodes involvement], as the core-
needle biopsy histology was negative for malignancy), three
due to ECOG PS worsening (prior to anti-lymphomatous
treatment allocation, these three patients were completely
disabled and confined to bed [ECOG PS, 4], thus making it
impossible to administer the therapy in outpatients as estab-
lished in the study design), one due to an incorrect histologi-
cal diagnosis (Grade 3A follicular lymphoma, at pathology
review) and one due to consent withdrawal. The enrolled 81
patients with DLBCL (n = 53) and c-HL (n = 28), who were
allocated to receive at least one R-COMP-DI and MBVD-DI
course respectively, constituted the ITT population that was
included in the final analysis. A diagram summarises the
flow of patients through the study in Figure 1.

The main characteristics of the 81 evaluable patients are
reported in Table 2. The median (range) age was 50 (22—
70) years and 44 patients (55%) were male. The ECOG PS
was 0-2 in 88% of patients. Histologically, among DLBCLs,
65% of the patients had N-GC, 30% GC and NOS in the re-
maining cases; among c-HLs, 78% of patients had nodular
sclerosis. A total of 44 patients (55%) had Stage III and 37
(45%) Stage IV disease. B symptoms were present in 54 pa-
tients (66%). In all, 70 patients (86%) had more than three
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nodal areas involved and 39 patients (48%) had bulky lymph
node disease. Invasion of the spleen, lung, bone, liver, gastro-
intestinal tract, skin, thyroid, pancreas, parathyroid, and/or
adrenal gland was found in 16 patients (20%), 20 (25%), eight
(10%), two (2%), six (7%), three (4%), three (4%), two (2%),
one (1%) and one (1%) respectively.

Regarding baseline cardiologic status, over half the pa-
tients (57%) had at least one of the following traditional
cardiac risk factors: age >60years (n = 21), hypertension
(n = 32), obesity (n = 20), tobacco use (n = 16), diabetes melli-
tus (n = 13), hyperlipidaemia (n = 11), and/or history of heart
disease, i.e. coronary artery disease (five patients), atrial
fibrillation (three) and heart transplanted for cardiomyop-
athies (two).

Feasibility, treatment delivery and dose-
intensity

Overall, 79 out of 81 patients (97.5%) with DLBCL and c-HL
completed six courses of R-COMP-DI and MBVD-DI re-
spectively; the remaining two patients (both with DLBCL)
died from infection after the first course of R-COMP-DI
and after three R-COMP-DI plus one R-COMP courses
respectively.

Regarding dose-intensity of planned anti-lymphomatous
treatment, 40 patients (DLBCL, 30; c-HL, 10) received a full
dose (100%), 36 patients (DLBCL, 20; c-HL, 16) received a
dose-intensity between 85% and 99%, while only five pa-
tients (DLBCL, three; c-HL, two) received a dose reduction
of >15%. Therefore, the feasibility end-point (<five patients
receiving <85% of the planned dose) was reached.

The mean (range) dose-intensity in the overall patient
population (n = 81 cases) was 93.7% (16%-100%); it was
91% (16%-100%) for the 53 patients with DLBCL who under-
went R-COMP-DI and 94% (91%-100%) for the 28 patients
with c-HL who underwent MBVD-DIL.

The median (range) duration of R-COMP-DI was 126 (14-
155) days as the expected duration of 126 days. The median
(range) duration of MBVD-DI was 168 (168-200) days as the
expected duration of 168 days.

All patients received planned supportive care.

Metabolic remission at interim PET assessment

In the first stage, 29 patients of the 33 originally enrolled
achieved a negative interim PET. The threshold for the first-
stage of Simon's two-stage design was reached, and the trial
continued to full accrual.

Overall, 80 of the 81 patients (99%) underwent interim
PET examinations, whereas one patient with DLBCL did not
for toxicity reasons (death from septic shock after the first
cycle of R-COMP-DI). Except in this case, all patients were
assessable for the fast metabolic response. The case of early
death was recorded as a failure of the therapeutic strategy
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FIGURE 1 Flow of participants. Ann Arbor Stage III: defined as multiple lymph node groups on both sides of the diaphragm. Ann Arbor Stage

IV: defined as multiple extra-nodal sites or lymph nodes and extra-nodal disease. DLBCL, diffuse large B-cell lymphoma; c-HL, classical Hodgkin
lymphoma; ECOG PS, Eastern Cooperative Group Performance Status; R-COMP-D], rituximab, cyclophosphamide, vincristine, Myocet™, prednisone,
dose-intensified; MBVD-DI, Myocet™, bleomycin, vinblastine, dacarbazine, dose-intensified; i-PET, interim 2-deoxy-2[F-18] fluoro-D-glucose positron
emission tomography; EoT, end-of-treatment. Score 4: Deauville scale scoring system showing uptake moderately >liver at FDG-PET scans. Score 5:
Deauville scale scoring system showing uptake markedly increased than liver and/or new lesions at FDG-PET scans. [Colour figure can be viewed at

wileyonlinelibrary.com]

and included in the I'TT analysis of all efficacy evaluations.
Thus, 72 of the 81 patients with advanced-stage DLBCL and
c-HL had negative interim PET scans after three cycles of
R-COMP-DI (45 patients) and two cycles of MBVD-DI (27)
respectively, reaching the primary end-point of the trial in
terms of complete response incidence at interim imaging as-
sessment with a CMR rate significantly higher (89% [95%
CI 83%-96%]; p = 0.0015) than the pre-specified minimum
efficacy threshold.”® In detail, among the 52 patients with
DLBCL who completed the three R-COMP intensified cy-
cles, only seven (13%) had positive interim PET scans; and,
among the 28 patients with c-HL who finished the two
MBVD intensified cycles, only one (3%) had a positive in-
terim PET. The analysis of interim imaging scans assigned
a DS as follows: DS 1 to 41 patients (post-R-COMP-DI, 26;
post-MBVD-DI, 15), DS 2 to 19 patients (post-R-COMP-DI,
13; post-MBVD-DI, six), DS 3 to 12 patients (post-R-
COMP-D], seven; post-MBVD-DI, five), DS 4 to five patients
(post-R-COMP-DI, four; post-MBVD-DI, one), and DS 5 to
three patients (post-R-COMP-DI, two; post-MBVD-DI, one)

End-of-treatment overall response rate

The main efficacy results of the study treatments are re-
ported in Table 3.

By protocol, none of the 80 patients undergoing interim
imaging evaluations changed therapy based on interim
PET results. Lastly, 51 patients with DLBCL received three
courses of R-COMP-DI plus three courses of R-COMP
as planned, 28 patients with c-HL received two courses of
MBVD-DI plus four courses of MBVD as planned, and the
remaining patient (one DLBCL case) died from coronavirus
disease 2019 (COVID-19) infection after the first course of
R-COMP.

Among the 71 patients with negative interim PET who
completed the planned study treatment, 68 (96%) achieved
CMR and the remaining three had partial response (two)
or disease progression (one). Among the eight patients with
positive interim PET who completed the planned study
treatment, five (62%) achieved CMR and the remaining
three showed pathological FDG uptakes classified as disease
progression.

Altogether, the EoT complete response rate (at chemo-
therapy completion and before c-RT start [if needed, accord-
ing to the study design]) was 90.1% (95% CI 83%-96%). In
fact, considering the global outcome of the 81 patients who
received at least one R-COMP-DI or MBVD-DI course, 73
patients obtained CMR, two patients were in partial meta-
bolic response, four patients were refractory with progres-
sive disease and two patients died from acute infectious
toxicity (during induction therapy).
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TABLE 2  Characteristics of patients with advanced-stage DLBCL and c-HL scheduled to receive six cycles of R-COMP-DI and MBVD-DI

respectively

Baseline characteristics
Patients
Age, years, median (range)
<45
45-54
55-65
>65
Male sex
Histological subtype
DLBCL
Non-germinal centre
Germinal centre
NOS
c-HI
Nodular sclerosis
Mixed cellularity
Lymphocyte-rich
ECOG PS 0-2
ECOGPS3
Disease stage
111
v
Symptoms B
Number of lymph node sites involved
Median, range
Bulky disease
Splenic involvement
Extra-nodal involvement®
IPI >3
CNS-IPI >4
IPS >3

Total, n (%)
81

50 (22-70)
19 (23)

28 (35)

20 (25)

14 (17)

44 (55)

53 (65)
28 (35)

71 (88)
10 (12)

44 (55)
37 (45)
54 (66)

6 (4-25)
39 (48)
16 (20)
46 (57)
37 (45)
13 (16)
17 (21)

R-COMP-DI, # (%)
53

60 (29-70)

6 (10)

20 (38)

16 (30)

11 (22)

28 (52)

53 (100)
34 (65)
15 (30)
4(5)
NA

NA

NA

NA

45 (85)
8 (15)

33 (62)
20 (38)
37 (69)

6 (4-25)
18 (34)
10 (19)
28 (53)
37 (70)
13 (24.5)
NA

MBVD-DI, 7 (%)
28

40 (22-64)

13 (46)

8 (28)

4(16)

3 (10)

16 (57)

NA

NA

NA

NA

28 (100)
22(78)
5 (18)
1(4)

26 (93)
2(7)

11 (40)
17 (60)
17 (60)

6 (4-14)
21 (75)
6 (21)
18 (64)
NA

NA

17 (61)

Note: Values are n (%) unless otherwise noted.

Abbreviations: c-HL, classical Hodgkin lymphoma; CNS-IPI, International Prognostic Index to assess the risk of central nervous system disease (including age >60years,
serum lactate dehydrogenase >normal, performance status >1, kidney or adrenal gland involvement®’); DI, dose intensified; DLBCL, diffuse large B-cell lymphoma;

ECOG PS, Eastern Cooperative Group Performance Status; IPI, International Prognostic Index (including age >60years, Ann Arbor Stage III or IV, elevated serum lactate
dehydrogenase, more than one extra-nodal site involved); IPS, International Prognostic Score (including serum albumin <4 g/dl, haemoglobin <105 g/1, male sex, Ann Arbor
Stage IV, age >45years, white blood cell count >15x 10%/1, lymphocyte count <0.6x 109/1); MBVD, Myocet™, bleomycin, vinblastine and dacarbazine; NA, not applicable; NOS,
not otherwise specified; R-COMP, rituximab, cyclophosphamide, Myocet™, vincristine and prednisone; Stage III, defined as multiple lymph node groups on both sides of
the diaphragm; Stage IV, defined as multiple extra-nodal sites or lymph nodes and extra-nodal disease; Bulky disease, defined as lymph node mass with long axis >5cm;
Symptoms B, fever >38°C, drenching night sweats, and weight loss of >10% of body mass in the previous 6 months.

“There were some patients in Stage III-E.

After induction treatment, overall 10 patients (DLBCL,
four; c-HL, six) received ¢c-RT (mediastinal field [one], and

extra-mediastinal field [nine]).

Toxicity

Table 4 reports the major adverse events related to the study

treatments.

Non-cardiologic toxicity

Regarding haematological toxicity, a total of four (5%) pa-
tients reported anaemia of grade 3; four patients (5%) re-
ported at least one neutropenic event of Grade 3.

Infections occurred in three patients (3.6%) as febrile neutro-
penia of Grade 3, in two patients (2.5%) as pneumonia of Grade 3,
and in two patients (2.5%) as septic shock (Pseudomonas aerugi-
nosa) and alveolitis (COVID-19), respectively, of Grade 5 for both.
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Three patients (3.6%) reported Grade 3 gastrointestinal
toxicity events (two, diarrhoea; one, paralytic ileum).

Cardiologic toxicity

A complete ECG evaluation (including measurements of
GLS and LVEF performed at baseline, interim, EoT and
6 months later) was available for 69 patients (42 and 27 in the
DLBCL and c-HL subgroups respectively). At study entry,
the ECG assessment showed median result of GLS of —21%
and median result of LVEF of 61%. At interim assessment,
the median result of GLS was —21% and the median result of
LVEF was 61%. At EoT assessment, the median result of GLS
was —21% and the median result of LVEF was 60%. At the
6-month follow-up, the median result of GLS was —21% and
the median result of LVEF was 60%. There were very small
changes (according to the definition of cardiotoxicity for
cancer treatment of ESC), i.e. <10% point reductions in me-
dian values of GLS and LVEF at interim, EoT and 6-month
follow-up, when they were compared with the median values
at baseline. Only three measurements (in three patients) of
GLS were less than —20%, and only nine measurements (in
three patients) of LVEF were <50% (—20% and 50% are the
cut-off values of normality for GLS and LVEF respectively,
according to the guidelines of ESC) (Figure 2A and B).

One patient presented relapse of atrial fibrillation, but
prompt initiation of medical treatment led to complete re-
versal of the cardiac abnormality.

Thus, only two (2.5%) of the 81 patients definitively dis-
continued study treatment due to extra-cardiac toxic events
of Grade 5 (as above reported). Except for four cases, none of
the remaining patients required hospitalisation to manage
treatment-related adverse events.

Progression-free survival

At a median (range) follow-up of 21 (1-55) months, for the
entire cohort of 81 patients, the PFS was 77.3% (95% CI
68%-88%) (Figure 3A). Overall, there were 16 events (14
in the DLBCL subgroup, and two in the c-HL subgroup).
Seven patients died: three from infections (one sepsis due to
Pseudomonas aeruginosa and one from COVID-19 during
induction therapy, and one from COVID-19 during post-
treatment follow-up), three cases due to a secondary tumour,
and one case for brain stroke. Six patients had progressive
disease and received subsequent therapies followed by al-
logeneic transplant (in three cases). Three patients relapsed
and received subsequent therapies followed by autologous
transplant (in two).

At 21-month median follow-up (range, 1-52months),
PES was 72.3% (95% CI, 60%-87%) for the 53 patients with
advanced-stage DLBCL; and, at 21-month median follow-up
(range, 6-55 months), the PFS was 88% (95% CI, 76%-100%)
for the 28 patients with advanced-stage c-HL (Figure 3B and
Q).

Univariable analyses showed that the involvement of spe-
cific extra-nodal sites (i.e. spleen, lung, bone, and/or liver)
and the histological diagnosis of c-HL were significantly
associated to stable and persistent complete remission after
induction therapy (p = 0.004 and p = 0.003 respectively).
Noteworthy, in our series, among DLBCLs, the histologi-
cal subtype of N-GC was not associated with a worse PFS
at the univariable analysis. Cox regression analyses of PFS
confirmed that patients with spleen, lung, bone, and/or liver
invasion, independently of histological subtype, appeared
to benefit more from liposomal doxorubicin supercharge-
based front-line strategy (HR 0.33, 95% CI 0.123-0.904;
p = 0.02) (Figure 3D).

TABLE 3 Main efficacy results of liposomal doxorubicin supercharge-based front-line strategy for advanced-stage DLBCL or c-HL

Total
Patients, n 81
At interim
i-FDG-PET cases, n 80
Negative, n (%) [95% CI] 72/81 (89) [82-95]
Positive, n (%) [95% CI] 8 (10) [3-17]
Not done, 1 (%) 1(1)
At the end-of-treatment
EoT-FDG-PET cases, n 79
CR, 1 (%) [95% CI] 73/81 (90) [83-96]
PR, 1 (%) 2(2.5)
PD n (%) 4(5)
Not done n (%) 2(2.5)

R-COMP-DI MBVD-DI

53 28

52 28

45/53 (85) [75-95] 27/28 (96) [89-100]
7 (13) [4-22] 1(4)

12 0

51 28

46/53 (87) [78-96]
1(2)
4(7)
2(4)

27/28 (96) [89-100]
1(4)

0

0

Note: Data are reported as n (%) [95% CI] if not indicated otherwise.

Abbreviations: c-HL, classical Hodgkin lymphoma; CI, confidence interval; CR, complete response; DI, dose-intensified; DLBCL, diffuse large B-cell lymphoma; EoT, end
of treatment; i-FDG-PET, interim-2-deoxy-2[F-18] fluoro-D-glucose positron emission tomography; MBVD, Myocet™, bleomycin, vinblastine and dacarbazine; PD, disease
progression; PR, partial response; R-COMP, rituximab, cyclophosphamide, Myocet™, vincristine and prednisone.
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FIGURE 3 Progression-free survival (PFS). Kaplan-Meier curve of 21-month PFS of 81 patients with advanced-stage diffuse large B-cell lymphoma
(DLBCL) and classical Hodgkin lymphoma (c-HL) who received the liposomal doxorubicin supercharge-based front-line strategy (A), PES for patients
with DLBCL (n = 53) (B), and for patients with c-HL (n = 28) (C). PFS for patients (n = 46) with specific extra-nodal sites involved (i.e. spleen, lung,

bone and/or liver) versus the remaining patients with only nodal (n = 19) and nodal with other extra-nodal sites involved (n = 16) (D). Figures also show
number of events and number at risk during follow-up.

DISCUSSION R-CHOP-21 and ABVD regimens respectively.*” This is a

relevant issue in the real-life setting because DLBCL and
About one-third of patients with DLBCL and c-HL with ex- c-HL are more frequently diagnosed in an advanced stage
tensive disease do not benefit from up-front therapy with  than in a limited stage.*”’ According to an up-date of the
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scientific literature, alternative strategies range from en-
hancement of traditional cytotoxic agent-based regimens
to administration of selectively active agent-based new
regimens.” > Large, randomised studies have been pub-
lished with very good efficacy results.’**® For instance, the
up-front polatuzumab vedotin-R-CHP regimen in several
100 patients with advanced-stage DLBCL showed a 2-year
PFS of 76.7%.”° The HDI8 German Trial showed excel-
lent outcomes by using front-line eBEACOPP (bleomycin,
etoposide, doxorubicin, cyclophosphamide, vincristine, pro-
carbazine, and prednisone in escalated doses) in 1000s of
patients with advanced-stage c-HL, with a 5-year PFS of 91%
among those with interim-FDG-PET negativity.” Also, the
international (218 clinical sites, around the world) Echelon-1
trial with first-line A (brentuximab vedotin) + AVD regimen
in several 100 patients with advanced-stage c-HL resulted in
very good long-term control of disease, with a 5-year PFS
of 85% among those with interim-FDG-PET negativity.*®
However, all these approaches are not routinely employed
because they have not been clearly proven effective, safe, and
economically advantageous.””***° Thus, the early intensifi-
cation of treatment is controversial and is not recommended
in international guidelines.””*

Our prospective phase II trial was sufficiently large to
provide enough evidence of the efficacy of liposomal doxo-
rubicin supercharge-based front-line therapy in both types
of lymphomas in patients at high risk, as reflected by a sub-
stantial increase in the number of patients with interim-
FDG-PET negativity. In our DLBCL subgroup, the negative
interim-FDG-PET scans rate following the three scheduled
R-COMP-DI cycles was 85% versus 62% of the pooled sum-
mary negativity interim PET rate of the literature following
R-CHOP-21 in a similar patient setting.® The rate of the neg-
ative interim-FDG-PET scans following the two scheduled
MBVD-DI cycles in our c-HL sub-group was about 97% ver-
sus 77% of the pooled summary interim-FDG-PET negativ-
ity rate of the literature following ABVD in a similar patient
setting.” These results were considered of clinical interest
by us because there was an absolute improvement of >20%
points of interim-FDG-PET with negative findings in both
lymphoma types following NPLD high-dose-conatining
up-front treatment. However, we admit that the comparison
with the figures of standard approaches was approximate,
for personal extrapolations by the authors based on the fea-
tures available in each report.%”

The trial consisted of the replacement in R-CHOP and
ABVD schemes of conventional doxorubicin with NPLD,
which was used in both regimens at doses 40% increased
during the first cycles and subsequently de-escalated to
standard dose (50 and 25 mg/m?* respectively). With the
complete administration of R-COMP-DI and MBVD-DI
cycles according to the study design, the improvement of
interim PET results was accompanied by very good final
responses. At EoT assessments, the rates of patients with
complete haematological responses were 87% (46/53 cases)
and 96% (27/28 cases) in DLBCL and c-HL subgroups,
respectively.

BRITISH JOURNAL OF HAEMATOLOGY

Interim-FDG-PET negativity is one of the strongest pre-
dictors of ultimate outcome in patients with advanced-stage
DLBCL and c-HL treated with R-CHOP-21 and ABVD re-
spectively.®” Researchers have developed an alternative
way to improve the efficacy of R-CHOP-21 and ABVD reg-
imens, while maintaining a favourable trade-off of toxic-
ity. To this end, several trials have explored the therapeutic
activity and safety of modified R-CHOP and ABVD with
changes regarding mostly hydroxydaunorubicin dose-
intensity and/or dose density.*'"** By analysing the data,
positive interim-FDG-PET scans average rates were 33%
(range, 30%-37%) for intensified R-CHOP and 15% (range,
13%-31%) for intensified ABVD.*"** Noteworthy, haema-
tological and/or extra-haematological Grade >3 toxicity oc-
currence in these trials ranged between 36% and 68%. ~**
Following R-MegaCHOP* or ABVD DD-DL*** which
included hydroxydaunorubicin doses increase of 40% for
both regimens, the incidence of treatment-related cardiac
toxicity of Grade >3 was 5% and 10% respectively. In our
trial (characterised by early intensification of dosages of
anthracycline by using liposomal doxorubicin), the anti-
cancer treatments were well tolerated. Overall, the rate of
the toxicity of Grade >3 was 25%. There were 20 adverse
events (in a total of 20 patients) of Grade >3 (14 and six
in the DLBCL and c-HL subgroups respectively): only two
(during induction therapy) led to death (10%, two of 20),
the other 18 events were all reversible with medical sup-
port, without requiring hospitalisation in 90% of cases. In
addition, advanced ECG techniques systematically per-
formed by expert echocardiographers (for exploring sub-
clinical signs of impaired ventricular function, i.e. strain
rate imaging with measures of global radial and circum-
ferential strain) documented a preservation of myocardial
ventricular function in most cases until the 6-month fol-
low-up after therapy.”>*!

The series was comprised lymphoma cases at partic-
ular risk of high tumour burden. The 70% of DLBCLs
had an intermediate-high IPI; for the c-HLs, 61% had an
intermediate-high IPS. Moreover, among patients with
DLBCL about a quarter had CNS-IPI at high risk as show in
Table 2.7 Although the study design did not provide CNS
prophylactic therapy, only one CNS relapse occurred during
follow-up. This finding shows that the R-COMP-DI strategy
may be safely administered also in the DLBCL subset at risk
of CNS involvement, on the condition that an accurate im-
aging and/or mini-invasive (lumbar puncture) check of the
CNS is performed at baseline to exclude patients with active
CNS disease.

Our study suggests that up-front therapy with lipo-
somal doxorubicin increasing doses is economical be-
cause it reduces the number of patients who remain with
positive PET scans at interim assessment and therefore
reduces the need for subsequent aggressive treatments
including peripheral blood stem cell autologous trans-
plantation according to the PET-adapted approach.*>*
However, our study has some limitations. First, this was
a single-centre phase II study with a limited sample size.
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Second, this study focused (and thus was a mixture) on
two completely different histological entities, i.e. DLBCL
and c-HL. Third, the study had a short follow-up, thus
it does not answer the question on long-term disease
control and survival advantage from the early intensi-
fication with liposomal doxorubicin supercharge-based
approach. Fourth, overall seven patients (~8%) died from
late complications (infections, brain stroke, and sec-
ondary tumours) directly or indirectly linked to study
treatments. This finding could be a warning on poten-
tial toxicity of routine use of high-dose NPLD in the long
term. Finally, these regimens were devised for relatively
young patients: the median age of the population was
50years (60years and 40years in the DLBCL and c-HL
subgroups respectively).

In conclusion, this single-centre, non-controlled, and
small phase II clinical trial conducted in a high-risk set-
ting of adult (age <70 years) patients with DLBCL or ¢c-HL
presents convincing evidence that up-front treatments
with R-COMP and MBVD schedules, including increas-
ing dosages of liposomal doxorubicin, are a ‘proof of
concept’ for testing them in large multicentre phase III
clinical trials.
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