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Chemioterapia	e	Cardiotossicità

ANTRACICLINE:	daunorubicina,	doxorubicina
Si	intercalano	tra	le	catene	del	DNA	compromettendone	la	
funzionalità	e	provocandone	la	rottura.	
Sono	in	grado	di	formare	forme	attivate	dell’Ossigeno	(ROS)	

Effetti	tossici:
Mielosoppressione,	 reazioni	anafilattiche,	alopecia,	disturbi	gastrointestinali
Potenziale	mutagenicità/carcinogenicità



Bhave	M	et	al,	Oncology,	2014;28(6):482-90.

Cardiovascular toxicity of	biologic agents	for	cancer therapy
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First line treatment, DLBCL: FIT patients

CHOP21	vs.	R-CHOP21

Coiffier	 B	et	al,	Blood	2010.

RCHOP	(N	=	202)	vs	CHOP	(N	=	197):	
2-yr	PFS 57% vs 38%
10-yrs	PFS	37%	vs	20%
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Lenalidomide plus R-CHOP21 in elderly patients with 
untreated diff use large B-cell lymphoma: results of the 
REAL07 open-label, multicentre, phase 2 trial
Umberto Vitolo, Annalisa Chiappella, Silvia Franceschetti, Angelo Michele Carella, Ileana Baldi, Giorgio Inghirami, Michele Spina, Vincenzo Pavone, 
Marco Ladetto, Anna Marina Liberati, Anna Lia Molinari, Pierluigi Zinzani, Flavia Salvi, Pier Paolo Fattori, Alfonso Zaccaria, Martin Dreyling, 
Barbara Botto, Alessia Castellino, Angela Congiu, Marcello Gaudiano, Manuela Zanni, Giovannino Ciccone, Gianluca Gaidano, Giuseppe Rossi, 
on behalf of the Fondazione Italiana Linfomi

Summary
Background Up to 40% of elderly patients with untreated diff use large B-cell lymphoma (DLBCL) given a regimen of 
rituximab, cyclophosphamide, doxorubicin, vincristine, and prednisolone every 21 days (R-CHOP21) relapse or 
develop refractory disease. Lenalidomide has high activity in relapsed or refractory aggressive B-cell lymphomas. In 
phase 2 of the REAL07 trial, we aimed to establish the safety and effi  cacy of the combination of lenalidomide and 
R-CHOP21 in elderly patients with untreated DLBCL.

Methods REAL07 was an open-label, multicentre trial that was done in 13 centres in Italy and one in Germany. 
Eligible patients were aged 60–80 years; had newly diagnosed, untreated, CD20-positive, Ann Arbor stage II–IV 
DLBCL or grade 3b follicular lymphoma; had an Eastern Cooperative Oncology Group performance status of 0–2; had 
an International Prognostic Index (IPI) risk of low-intermediate, intermediate-high, or high; and were fi t according to 
comprehensive geriatric assessment. Participants were to receive 15 mg oral lenalidomide on days 1–14 of six 21-day 
cycles, and standard doses of R-CHOP21 chemotherapy (375 mg/m² intravenous rituximab, 750 mg/m² intravenous 
cyclophosphamide, 50 mg/m² intravenous doxorubicin, and 1·4 mg/m² intravenous vincristine on day 1, and 
40 mg/m² oral prednisone on days 1–5). The primary endpoint was frequency of overall response (complete response 
[CR] and partial response [PR]), which was assessed by ¹⁸F-fl uorodeoxyglucose (¹⁸F-FDG) PET at the end of the 
treatment. Analyses were by intention to treat. This trial is registered with ClinicalTrials.gov, number NCT00907348.

Findings 49 patients were included in phase 2: nine had been enrolled into phase 1 between Oct 23, 2008, and 
June 4, 2009, and had received the maximum tolerated dose of 15 mg lenalidomide; and 40 were enrolled into 
phase 2 between April 28, 2010, and June 3, 2011. 45 patients (92%, 95% CI 81–97) achieved a response (42 [86%] CR; 
three [6%] PR). Three patients (6%) did not respond and one (2%) died for reasons unrelated to treatment or 
disease. 277 (94%) of 294 planned cycles of lenalidomide and R-CHOP21 were completed. Grade 3–4 neutropenia 
was reported in 87 cycles (31%), grade 3–4 leukopenia in 77 (28%), and grade 3–4 thrombocytopenia in 35 (13%). 
No grade 4 non-haematological adverse events were reported. No patients died during the study as a result of toxic 
eff ects.

Interpretation Lenalidomide with R-CHOP21 is eff ective and safe in elderly patients with untreated DLBCL.

Funding Fondazione Italiana Linfomi and Celgene.

Introduction
Diff use large B-cell lymphoma (DLBCL) occurs mostly 
in elderly people. At diagnosis, more than 50% of 
patients with DLBCL are older than 60 years, meaning 
that treatment of the disorder is particularly 
challenging.1,2 The addition of the anti-CD20 
monoclonal antibody rituximab to a regimen of 
cyclophosphamide, doxorubicin, vincristine, and 
prednisone (R-CHOP) has led to substantial advances 
and a new standard of care.2–7 About 70% of elderly 
patients are expected to achieve remission after 
R-CHOP, with 58% surviving to 5 years.5 However, up 
to 40% of patients given R-CHOP either relapse or 
develop refractory disease. Therefore, development of 
new fi rst-line regimens appropriate for elderly people 

that can replace or integrate the standard treatment is 
important for improvement of long-term outcome.7

The International Prognostic Index (IPI) is the most 
powerful clinical instrument for assessment of DLBCL 
prognosis, and its value has been confi rmed in patients 
taking rituximab-based regimens.8,9 In addition to clinical 
factors, diff erent biological characteristics of DLBCL 
aff ect outcome. Two molecularly distinct forms of DLBCL 
with diff erent gene-expression patterns have been 
identifi ed by gene expression profi ling—germinal centre 
B-cell-like (GCB) and activated B-cell-like—which derive 
from diff erent cells of origin and have distinct clinical 
features.10,11 Notably, the activated B-cell-like form occurs 
signifi cantly more frequent in elderly people than in 
younger individuals.11 To translate these fi ndings into a 
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CNS	prophylaxis according to	Italian Society	of	Hematology guidelines
Pegfilgrastim or	G-CSF	as neutropenia	 prophylaxis
Low Molecular Weigh Heparin as DVT	prophylaxis

Lenalidomide at MTD:	
15	mg	daily on	days 1-14
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After three cycles, we assessed intermediate clinical 
response by CT. Patients who had achieved a complete 
response or partial response (as assessed by the criteria 
established by Cheson and colleagues26) received the fi nal 
three cycles. Patients who had not achieved a complete or 
partial response stopped receiving lenalidomide and 
R-CHOP21 at this point. We assessed fi nal response in 
all patients 1 month after the end of their last cycle of 
treatment by contrast-enhancement CT and mandatory 
PET-CT scans with standard outcome measures for 
clinical trials (complete response, partial response, stable 
disease, and progressive disease).26 During follow-up, 
patients were clinically assessed every 2 months and had 
CT scans every 6 months up to 24 months after the end 
of the treatment, or until death or study completion.

We monitored safety routinely throughout the trial, 
recording adverse events, vital signs, and laboratory 
safety assessments. We recorded complete blood counts 
and serum chemistry between days 7 and 14 of each cycle. 
We categorised and graded adverse events according to 
the National Cancer Institute Common Terminology 
Criteria for Adverse Events (version 3.0).

Two pathologists (GI and MG) centrally reviewed 
diagnostic lymphoma samples from each patient. 
Immunohistochemistry was used for cell-of-origin 
profi le analysis; gene expression profi ling was not done. 
Briefl y, sections stained with haematoxylin and eosin 
from all available formalin-fi xed paraffi  n-embedded 
blocks were reviewed and selected for immuno histo-
chemistry. Heat-induced antigen retrieval techniques 
were applied to sections (3–4 µm) after deparaffi  nisation. 
After primary antibody incubation (appendix), the 
immunocomplexes were detected with a diamino-
benzidine immuno peroxidase-based detection kit (Bond 
Polymer Refi ne Detection; Menarini, Florence, Italy). 
Immuno histo chemical analysis was done with a semi-
automated stainer (Bond-maX; Menarini, Florence, 
Italy). GI and MG independently reviewed a CD20 stain 
to assess the percentage of tumour cells by visual 
estimation (in 10% increments). Diff erences of opinion 
were resolved by joint review with a multihead 

microscope. Cases were deemed positive for specifi c 
antibodies (appendix) if at least 30% of lymphoma cells 
were stained with each antibody and classifi ed based on 
Hans’ algorithm.13 The intensity of staining was also 
recorded.

Outcomes  
The primary endpoint was frequency of overall 
response (partial response and complete response) 
1 month after completion of six cycles of lenalidomide 
and R-CHOP21. We assessed this endpoint at the end 
of treatment to obtain a precise response assessment 
based on fi ndings of ¹⁸F-fl uorodeoxyglucose (¹⁸F-FDG) 
PET, which are more reliable if done at least 3–4 weeks 
after the end of chemotherapy.26 Secondary endpoints 
were progression-free survival (PFS), overall survival, 
event-free survival, and analysis of the association 
between outcome and cell-of-origin profi le.26 PFS was 
measured from diagnosis to date of progression, 
relapse, or death from any cause. Patients with a partial 
response who were given an additional treatment (ie, 
unplanned radio therapy) without apparent progression 
were not deemed failures for the PFS analysis. Event-
free survival was measured from diagnosis to date of 
progression, relapse, death from any cause, initiation of 
new treatment without progression, or treatment 
discontinuation.26 In an exploratory analysis, we 
stratifi ed oucome by IPI status.

Figure 1: Study profi le

49 patients included (9 from phase 1)

1 died

48 patients completed 3 cycles

44 patients completed 6 cycles

4 treatment interruptions
 3 adverse events
 1 progressive disease

 Enrolled patients 
(n=49)

Age (years) 69 (64–71)

Sex

Men 29 (59%)

Women 20 (41%)

Eastern Cooperative Oncology Group performance status

0–1 42 (86%)

2 7 (14%)

Ann Arbor stage

II 6 (12%)

III 8 (16%)

IV 35 (71%)

International Prognostic Index risk

Low-intermediate risk 19 (39%)

High-intermediate or high risk 30 (61%)

Lymphoma type

Diff use large B-cell lymphoma 45 (92%)

Follicular lymphoma grade 3b 4 (8%) 

Bone marrow involvement 17 (35%)

B symptoms 21 (43%)

Increased lactate dehydrogenase concentration* 22 (45%)

Increased β2 microglobulin* 34 (69%)

Data are median (IQR) or n (%). *Higher than the upper limit of normal.

Table 1: Baseline clinical characteristics



AEs,	adverse	events;	DLBCL,	diffuse	large	B-cell	lymphoma;	DVT,	deep-vein	 thrombosis.

REAL07 phase II R2-CHOP21 in elderly 
untreated DLBCL: safety data – all grades AEs

Haematological AEs by 
% of treatment cycles (n = 277) 

Non-haematological AEs by 
% of patients (n = 49) 

Vitolo	U,	et	al.	Lancet	Oncol.	2014;15:730-7.
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• The European Guidelines for the management of hypertension identify as
drugs of choice for the treatment of hypertension:

– thiazide diuretics (TD)
– angiotensin II receptor blockers (ARBs)
– angiotensin-converting enzyme inhibitors (ACEIs),
– b-blockers (BBs),
– calcium channel blockers (CCBs)

Drug-drug interactions to occur with these treatments and second-
generation TKIs should be carefully considered.

Arterial Hypertension

Risk of  cardiovascular events
Risk of  pleural effusion

E. Abruzzese, M. Breccia, R. Latagliata, BioDrugs 2013



TKIs	and	QTc	prolongation

1. Saglio et al. N Engl J Med (2010) 362:2251-2259. 2. Kantarjian et al. N Engl J Med (2010) 362:2260-2270.
3. Cortes et al. J Clin Oncol (2012) 30:3486-3492.
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Imatinib	and	cardiac	failure
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Atallah et al, Blood 2006;108(11):abs#2146.

Incidence of cardiac failure in patients exposed to Imatinib 
compared with cardiac failure incidence in general population



a4 events in 3 imatinib patients. 
bMedDRA preferred terms: myocardial infarction, acute myocardial infarction, and silent myocardial infarction.
cMedDRA preferred terms: angina pectoris and unstable angina.

Dasatinib	(n=259) Imatinib	(n=260)

Adverse	event Grade
1/2	

Grade	
3/4	

Grade	
5	

Total
n (%)

Grade	
1/2	

Grade	
3/4	

Grade	
5	

Total
n	(%)

Cardiac	ischemia 10
(3.9%)

3a

(1.2%)

Myocardial infarctionb 1 2 2 5	
(1.9%) 0 1 1 2	

(0.8%)

Anginac 2 1 0 3	
(1.2%) 1 0 0 1	

(0.4%)
Coronary	artery	disease,	
myocardial	ischemia	 2 0 0 2	

(0.8%) 1 0 0 1	
(0.4%)

Peripheral arterial	occlusive	
disease 0 0 0 0 0 0 0 0

Arterial Occlusive Events of Interest 
(Any Cause)

n Patients with a history of cardiac disease were included in DASISION, except those who had 
angina within 3 months, myocardial infarction within 6 months, congestive heart failure within 3 
months, significant arrhythmias, or QTc prolongation

n 9 of 10 dasatinib and 2 of 3 imatinib patients with cardiac ischemia had at least 1 baseline risk 
factor for cardiovascular disease (eg, diabetes, hypertension, hyperlipidemia, left ventricular 
dysfunction, coronary artery disease)



Protocol	CC-122-cointaing	regimen

12-lead	Electrocardiograms
•Screening	- must	be	performed	≥	72	hours	prior	to	Day	1
•Cycle	1,	Day	1	- predose (0	hr;	≤	1.5	hours	prior	to	dosing)	and 1.5	hours postdose
•Cycle	1,	Day	8	- predose	(within	1.5	hours	prior	to	dosing)
•Cycle	1,	Day	15	- predose (0	hr;	≤	1.5	hours	prior	to	dosing)	and	1.5	hours	postdose
•Cycle	1,	Day	22	- predose	(≤	1.5	hours	prior	to	dosing)
•Day	1	of	subsequent	cycles	- predose (≤	1.5	hours	prior	to	dosing)
•EOT

ECHOCARDIO
•Screening
•Cycles	2,	Day	1
•Every	3	cycles (C5D1,	C8D1,	etc..)
•EOT



Elevated	BNP	levels	for	pt	302_1003

Fluctuations	of	the	BNP	levels	since	screening.

At	screening	- 99ng/L,	
C1D8		 117ng/L,	
C1D1		 108ng/L,
C1D22	 120ng/L,
C2D1- 194ng/L,
C4D1- 138ng/L,
C5D1	- 222ng/L,
C6D1- 107ng/L,
C7D1	- 144ng/L



Open	questions:	novel drugs…

ü CC122:	monitoraggio	BNP
ü iBTK:	rischio	di	FA	e	sanguinamento
ü Romidepsina &	iHDAC:	allungamento	QTc

Work	in	progress

ü Chiappella,	Pregno,	Fava,	Giorgi:	stesura	
manuale	pratico	farmaci	e	cardiotossicità


