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IARC	classifica#on	
Six	human	viruses	classified	as	 ‘‘carcinogenic	to	
humans”	 (Group	 1)	 based	 on	 sufficient		
evidence	supporPng	their	ePologic	associaPon	
with	human	cancer:		
•  EBV	
•  HBV	
•  HPV	of	several	types	
•  HTLV-1		
•  HCV	(HCC	and	NHL)	
•  HHV-8	 	

WHO	IARC	Monograph	Working	Group.	Lancet	Oncol.	2009	
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META-ANALYSIS	

• 	All	cohort	studies:	RR	1.9			

• 	All	case-control	studies:	RR	2.5	

• 	All	studies:	RR	2.5		

• 	NHL	aDributable	to	HCV	in	countries	with	
high	prevalence:	10%	

• 	NHL	aDributable	to	HCV	in	countries	with	
low	prevalence:	<1%	

Dal	Maso,	Cancer	Epidemiol	Biomarkers	Prev	2006	



• 	Pooled	case-control	study	

• 	4,784	NHL	and	6,269	controls	

• 	HCV	infecPon	in	172	cases	of	NHL	(3.6%)	and	169	(2.7%)	
controls	

• 	HCV	is	associated	with:		
	Marginal	zone	lymphoma	(OR,	2.47)		

	Lymphoplasmocytoid	lymphoma	(OR	2.57)				

	Diffuse	large	B	cell	lymphoma	(OR	2.24)	

Interna#onal	Lymphoma	Epidemiology	Consor#um	
(InterLymph)		

de	Sanjose	et	al,	Clin	Gastroenterol	Hepatol.	2008		
	



			

Registry	of	HCV-associated	lymphomas	

•  Since	 January	2008,	250	consecuPve	pts	with	
lymphoma	and	HCV	infecPon	diagnosed	in	the	
parPcipaPng	centres	

•  Median	age	at	dg	68	yrs	(range	32-90)	

•  DLBCL	44%	
•  MZL	28%	

•  Low-grade	NHL	NOS	11%	

Manuscript	in	prepara@on	



			
•  Extranodal	lymphoma:	63%	

•  DetecPon	of	HCV+	before	NHL	in	67%	

•  	At	dg	of	lymphoma,	HCV-RNA+	90%	

•  Cryoglobulinemia	and	serum	monoclonal	

component	associated	with	indolent	

histotypes	(p=0.002)	

CLINICAL	FEATURES	

Manuscript	in	prepara@on	



Lipoma-like	marginal	zone	lymphoma	

• 	12	pts	with	primary	subcutaneous	MZL	

• 	10	F,	2	M;	median	age	69	yrs	

• 	HCV	serology:	12/12	posiPve	
• 	HCV-RNA+:	10/10	
• 	Single	or	mulPple	subcutaneous	nodules	

• 	Clinical	appearance	similar	to	lipomas	

• 	Regression	with	anPviral	treatment	

Paulli	et	al,	Annals	of	Oncology	2010	



Lipoma-like	marginal	zone	lymphoma	



HCV	PREVALENCE	IN	SMZL		

%	

HCV+	 19	

HCV	genotype		
										1b	 67	
										2b	 		7	
										2a/2c	 		26	

Arcaini	et	al,	Blood	2006	



• 	9	pts	with	SLVL	and	HCV	infecPon	

• 	IFN-a	3	MU	3	Pmes/wk	for	6	months	

• 	7	pts:	HCV-RNA-	+	CR		

• 	2	NR	à	Ribavirin	à	HCV-RNA-	1	CR,	1	PR	

• 	1	relapse	with	HCV-RNA+	

• 	No	molecular	response	

• 	6	pts	with	SLVL	HCV-neg:	NR		

HCV+	SLVL	treated	with	AT	

Hermine	et	al,	NEJM	2002	



SLVL	associated	with	MC	and	HCV	infec#on:	a	new	en#ty?		

• 	18	pts	with	SLVL	
• 	Median	age	58	years	

• 	Predominantly	female	(F	78%)	

• 	SymptomaPc	type	II	MC	:	72%	

• 	Symptoms	preceding	dg	of	SLVL	in	7	(mean	3.5	years)	

• 	Genotype	1:	54%		
• 	Haematological	+	virological	response:	78%		

• 	HCV	genotype	1:	54%	(4	/	7	responders)	
• 	Only	2	molecular	responses		

Saadoun	et	al,	Blood	2004	



EFFECT	OF	ANTIVIRAL	TREATMENT	ON	SURVIVAL	OF	PATIENTS	
WITH	INDOLENT	B-CELL	LYMPHOMAS	ASSOCIATED	WITH	

HEPATITIS	C	VIRUS	INFECTION:		
A	MULTICENTRE	COHORT	STUDY	OF	THE		

FONDAZIONE	ITALIANA	LINFOMI	



FIL	mul#centric	study	

•  704	HCV+	pts	with	indolent	NHL	
•  HCV-RNA+:	92%	
•  Genotype	1:	50%	
•  Genotype	2:	44%	
•  Cryoglobulinemia	in	104	pts	

•  HBsAg+	2%	
•  Cirrhosis	4%	

Arcaini	et	al	Annals	of	Oncology,	2014	



Mul#variate	analysis	

PrognosPc	 variables	 independently	

associated	with	a	shorter	OS:		

•  Age	>60	yrs	

•  Albumin	<3.5	g/dl	

•  No	AT	at	any	#me		
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AT	as	NHL	treatment	(1st	line)	

•  33	with	IFN	and	67	with	peg-IFN	
•  60	MZL	
•  Genotype:	2	in	52	pts	and	1	in	37	
•  7	interrupted	for	NHL	progression	
•  CR:	44/100		
•  PR:	33/100	
•  	HCV-RNA	clearance	in	80	pts	related	to	

lymphoma	response	



AT	as	NHL	treatment	(1st	line)	

•  Lymphoma	response	not	different	

between	MZL	and	non-MZL	(ORR=	82%	vs.	

70%)		

•  Lower	in	SMZL	respect	to	other	MZL	cases	

(ORR:	65%	vs.	92%;	p=0.02)	

•  ORR	83%	in	genotype	2	carriers	and	70%	

in	genotype	1	carriers	(p=0.3) 		
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Table 1 Included studies of antiviral treatment in patients with HCV-associated lymphoma

N° pts* Year Antiviral treatment Diagnosis Virologic response NHL response

Bauduer et al. [17] 1 1996 IFN MZL/MALT 1 1 PR
Caramaschi et al. [18] 1 1999 IFN MZL/MALT NA 1 CR
Moccia et al. [24] 3 2001 IFN SMZL NA 2 CR
Patriarca et al. [26] 1 2002 IFN LPL 1 1 CR
Casato et al. [19] 1 2002 IFN MZL HCV-RNA decrease 1 CR
Hermine et al. [10] [9] [8] 9 2004 IFN SLVL 7 7 CR
Pitini et al. [29] 2 2004 IFN SMZL 2 2 CR
Kelaidi et al. [21] 8 2004 IFN + RBV SMZL (n = 4),

MZL/MALT (n = 4)
5 SVR, 2 NSVR 5 CR

Tursi et al. [33] 16 2004 IFN + RBV MZL/MALT 11 16 CR
Saadoun et al. [30] 18 2005 IFN (n = 8) IFN +

RBV (n = 10)
SLVL 14 CR, 4 NSVR 14 CR, 4 PR

Svoboda et al. [31] 1 2005 Peg-IFN + RBV MZL/MALT 1 CR
Vallisa et al. [34] 13 2005 Peg-IFN + RBV SMZL (n = 4), MZL/MALT

(n = 4), FL (n = 1), LPL (n = 4)
7 SVR, 1 NSVR 7 CR, 2 PR

Mazzaro et al. [23] 18 2009 IFN + RBV (n = 8)
Peg-IFN + RBV (n = 10)

SLVL (n = 1), FL (n = 1), LPL (n = 16) 3 SVR, 4 NR, 1 NSVR 6
SVR, 2 NR, 2 NSVR

3 CR, 2 PR
6 CR, 2 PR

Paulli et al. [27] 2 2009 Peg-IFN + RBV MZL/MALT 2 CR 1 CR, 1 PR
Oda et al. [25] 1 2010 Peg-IFN + RBV B-NHL (liver) SVR CR
Pellicelli et al. [28] 9 2011 Peg-IFN + RBV SMZL (n = 3), MZL (n = 4), FL (n = 2) 7 SVR, 2 NSVR 5 CR, 2 PR
Mauro et al. [22] 1 2012 Peg-IFN + RBV LPL SVR CR
Coskun et al. [20] 2013 Peg-IFN + RBV MZL SVR CR
Arcaini et al. [12] 134 2014 Peg-IFN + RBV SMZL (n = 35), MALT (n = 31),

LPL (n = 9), FL (n = 12), Other (n = 33)
102 SVR, 30 NSVR, 2 NA 95 CR/PR

Michot et al. [13] 14 2015 Peg-IFN + RBV MZL 11 SVR, 3 NSVR 11 CR/PR

MZL, marginal zone lymphoma; SMZL, splenic marginal zone lymphoma; SLVL, splenic lymphoma with villous lymphocytes; FL, follicular lymphoma; LPL, lymphoplas-
macytic lymphoma; NHL, non-Hodgkin’s lymphoma; NLPHL, nodular lymphocyte predominant Hodgkin lymphoma; IFN, interferon; RBV, ribavirin; CR, complete
response; PR, partial response; SVR, sustained virological response; NSVR, nonsustained virological response.
Patients with indolent lymphoma who actually received AVT.
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SUMMARY. Many epidemiological studies provide solid evi-

dence for an association of chronic hepatitis C virus (HCV)

infection with B-cell non-Hodgkin’s lymphoma (B-NHL).

However, the most convincing evidence for a causal rela-

tionship between HCV infection and lymphoma develop-

ment is the observation of B-NHL regression after HCV

eradication by antiviral therapy (AVT). We conducted a

literature search to identify studies that included patients

with HCV-associated B-NHL (HCV-NHL) who received

AVT, with the intention to treat lymphoma and viral dis-

ease at the same time. The primary end point was the

correlation of sustained virological response (SVR) under

AVT with lymphoma response. Secondary end points were

overall lymphoma response rates and HCV-NHL response

in correlation with lymphoma subtypes. We included 20

studies that evaluated the efficacy of AVT in HCV-NHL

(n = 254 patients). Overall lymphoma response rate

through AVT was 73% [95%>confidence interval, (CI)

67–78%]. Throughout studies there was a strong associa-

tion between SVR and lymphoma response (83% response

rate, 95%>CI, 76–88%) compared to a failure in achieving

SVR (53% response rate, 95%>CI, 39–67%, P = 0.0002).

There was a trend towards favourable response for AVT

in HCV-associated marginal zone lymphomas (response

rate 81%, 95%>CI, 74–87%) compared to nonmarginal

zone origin (response rate 71%, 95%>CI, 61–79%,

P = 0.07). In conclusion, in the current meta-analysis,

the overall response rate of HCV-NHL under AVT justifies

the recommendation for AVT as first-line treatment in

patients who do not need immediate conventional treat-

ment. The strong correlation of SVR and lymphoma

regression supports the hypothesis of a causal relationship

of HCV and lymphomagenesis.

Keywords: Antiviral treatment, HCV, lymphoma, meta-

analysis, NHL.

INTRODUCTION

More than 130–150 million people, accounting for 2–3%
of the world population, are chronically infected with the

hepatitis C virus (HCV), a hepatotropic and potentially lym-

photropic virus [1–3]. In the last two decades, evidence

from epidemiological studies, biological insights, and espe-

cially therapeutic approaches provided strong support for

an association between HCV and B-cell non-Hodgkin’s lym-

phomas (NHL) [4]. The epidemiological association of HCV

infection and lymphoma development has been demon-

strated by various studies and has been confirmed by sys-

tematic approaches including several meta-analyses [5–8].
However, the most compelling argument for a causal

relationship between HCV and B-NHL is made by interven-

tional studies demonstrating that antiviral therapy (AVT)

using interferon (IFN) or pegylated IFN with and without

addition of ribavirin (RBV) frequently leads to regression of

HCV-associated lymphomas (HCV-NHL) [9, 10]. Moreover,

viral relapse after initial virological and haematological

response in turn can lead to lymphoma recurrence [11].

Starting with the seminal work by Hermine and co-work-

ers in 2002 [10], various studies could prove the efficacy

of AVT in the treatment of HCV-NHL. However, most pub-

lications report single cases or small case series with up to

20 patients. Only very recently the largest cohort of HCV-

NHL patients under AVT has been published [12]. Of 134

HCV-NHL patients who received interferon-based AVT

Abbreviations: AVT, antiviral therapy; B-NHL, B-cell non-Hodgkin

lymphoma; CI, confidence interval; CR, complete response; HCV,

hepatitis C virus; HCV-NHL, HCV-associated lymphoma; IFN, inter-

feron; MC, mixed cryoglobulinemia; MZL, marginal zone lym-

phoma; PD, progressive disease; PR, partial response; RBV,

ribavirin; SD, stable disease; SMZL, splenic marginal zone lym-

phoma; SVR, sustained virological response.
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Lymphoma	response	

only on small studies, mostly case reports or small cohorts

of not more than 20 cases. In a recent study Arcaini et al.

reported on more HCV-NHL patients treated with AVT

than all previous reports combined. However, a major limi-

tation of this study is the retrospective design; in addition

only Italian centres took part and it is well-known that the

epidemiology of HCV-NHL shows significant geographical

differences [4]. The rationale for this meta-analysis was to

analyse the largest possible number of HCV-NHL cases

treated with AVT and integrate data from different geo-

graphic regions.

Looking at all HCV-NHL patients treated with AVT

(independent of their consecutive virological response) the

present meta-analysis demonstrates a good overall lym-

phoma response rate through the application of AVT in

the setting of HCV-NHL. The response rate of 73% (95%-CI

67–78%) is slightly lower compared to the success rates of

current conventional therapy with rituximab !
chemotherapy (immuno-chemotherapy) [38,39]. However,

it has to be acknowledged that many included patients

received less effective AVT (e.g. IFN montherapy) and that

NHL has been found to be challenging to treat in patients

with underlying chronic HCV infection [40,41].

When analysing only the group of patients who

achieved SVR, the current analysis demonstrates impres-

sively that the anti-lymphoma activity of AVT is associated

closely with the efficacy of AVT to achieve SVR. This

supports the assumption of a causal relationship between

HCV and lymphomagenesis, as successful AVT is able to

cure the lymphoma. The close correlation of SVR and lym-

phoma regression is a strong indicator that successful erad-

ication of the virus is essential for the tumour response.

Thus, lymphoma regression as a consequence to the anti-

proliferative properties of IFN only, as hypothesized by

some authors, seems unlikely. Intriguingly, also the group

with no sustained virological response, shows lymphoma

response rates of 39-67%. It can only be speculated why

tumour response can be observed despite ineffective AVT.

Firstly, not all studies provided follow-up times in their

manuscript or followed-up patients over a longer period.

The non-SVR cohort in this meta-analysis contains also

early and late relapse patients. Therefore, patients with

lymphoma remission under therapy but without SVR or

patients with delayed lymphoma recurrence after termina-

tion of follow-up periods might bias this group.

Looking at HCV-NHL patients with successful AVT only,

lymphoma response rates of 74-87% in the group with SVR

are comparable to treatment outcomes of modern immuno-

chemotherapy. These results clearly justify guideline recom-

mendations of AVT as a first-line approach in HCV-NHL.

This is further supported by the fact that the efficacy of HCV

AVT has tremendously improved with the recent introduc-

tion of new direct acting antiviral drugs [42]. With success

rates of interferon-free AVT exceeding 90% independent of

Fig. 1 (a) Forest plot of oncological response (complete response or partial response) in lymphoma patients chronically
infected with HCV receiving antiviral treatment. The black horizontal lines illustrate CIs of the respective studies. The
overall chance for oncological response in our meta-analysis was 0.73 (95% CI, 67-78%), see red diamond. No significant
heterogeneity was observed. (b) Funnel plot for visual assessment of potential deviations from symmetry which may be
caused by publication bias. Rank correlation test shows no significant deviations from symmetry (P = 0.83).

© 2016 John Wiley & Sons Ltd
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SVR	and	histotype		

Fig. 2 Impact of virological response
on oncological response (complete
response or partial response) in
lymphoma patients chronically infected
with HCV receiving antiviral treatment.
The upper panel shows patients who
reached sustained virological response
(SVR). The lower panel shows patients
without SVR to antiviral treatment.
The black horizontal lines illustrate CIs
of the respective studies. The chance of
oncological response in patients
achieving SVR (blue diamond)
compared to patients who did not
achieve SVR (red diamond) was 83%
and 53%, respectively (P = 0.0002).
No significant heterogeneity was
observed for either group of included
studies.

Fig. 3 Impact of antiviral treatment on
lymphoma response according to
lymphoma subtype. Chance for
oncological response (complete response
or partial response) in patients
chronically infected with HCV receiving
antiviral treatment. The upper panel
shows patients with marginal zone
lymphomas (MZL). The lower panel
shows patients with indolent
lymphomas of nonmarginal zone origin
(Non-MZL). The black horizontal lines
illustrate CIs of the respective studies.
The chance of oncological response in
patients with MZL (blue diamond)
compared to patients with Non-MZL
(red diamond) was 81% vs. 71%
(P = 0.072). No significant
heterogeneity was observed for either
group of included studies.

© 2016 John Wiley & Sons Ltd
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•  501	HCV+	pts	never	treated	

•  2,708	HCV+	pts	treated	with	IFN	

•  CumulaPve	rates	at	5,	10	and	15	yrs:	

•  Non-IFN	group:	0.6%,	2.3%	and	2.6%	

•  IFN-group	with	SVR:	0%,	0%	and	0%	

•  IFN-group	with	persistent	infec#on:	0.4%,
1.5%	and	2.6%	

An#viral	therapy	and	risk	of	lymphoma	

	Kawamura	et	al,	AJM	2007	
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HCV-associated	lymphoma	present	with		
mild	liver	

	•  MD	Anderson	Cancer	Center	(2008-2014)	
•  89	pts	
•  Genotype	1	62%	
•  DLBCL	62%	
•  Detectable	HCV	RNA	90%	
•  Advanced	liver	disease	(Metavir	stage	≥	3)	18%	
•  All	53	paPents	with	chronic	HCV	infecPon	documented	

before	lymphoma	diagnosis	were	seen	by	HCV	treaPng	
physicians.	Providers	did	not	recommend	AVT	in	almost	
one	half	of	cases	(44%),	mostly	because	of	the	lack	of	
advanced	liver	disease	at	HCV	diagnosis	(38%)	

	Torres	et	al,	Liv	Int	2015	



Dreyling	et	al,		Ann	Onc	2013	

An#viral	therapy	in	HCV+	iNHL:		
guidelines	

	
	

“the	panel	recommends	ini@al	an@viral	
therapy	in	asymptoma@c	pa@ents	with	low-
grade	HCV-posi@ve	indolent	B-cell	NHL”	

An#viral	therapy	(AVT):	
standard	1st	line	treatment	in	asymptomaPc	paPents	
with	iNHL	HCV+	(who	do	not	need	immediately	
convenPonal	treatment	of	lymphoma)	

2015	



		The	advent	of	IFN-free	therapy:		
SVR	>90%	also	in	genotype	1	

Webster	et	al.		Lancet		2015	



Direct-Ac#ng	An#viral	Agents:	
mechanisms	of	ac#on	

SOFOSBUVIR			
NS5B	Nucleos(t)ide	Inhibitors	(NI)	

LEDIPASVIR	
NS5A	Inhibitor	



IFN-free	an5viral	therapy	in	HCV+	NHL	:		
1st	case	report	(SMZL)	

•  42	y,	M		
•  HCV	genotype	1b,	F0	
•  SMZL,	spleen	17.5	cm,	
lymphocytosis	(5.65	x	
109/l)	

•  IFN-free	regimen:												
FDV	+	DLV	+	RBV	(16	w)	

•  SVR	(4w)	
•  Hematologic	response		
(spleen,	lymphocytes)			
à	related	to	SVR	

FDV: Faldaprevir, NS3/NS4A inhibitor 
DLV: Deleobuvir, non-nucleoside NS5B 

inhibitor  
RBV: Ribavirina 

Rosso_	R	et	al,		J	Hepat	2014	



Remission	of	Follicular	Lymphoma	aher	
Treatment	for	Hepa##s	C	Virus	Infec#on		

Maciocia	N	et	al,		NEJM	2016	
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Key Points

• Direct-acting antiviral agents
are able to induce lymphoma
response in patients with
HCV-associated indolent non-
Hodgkin lymphoma.

• The highest rate of lymphoma
response (73%) was
observed in patients with
marginal zone lymphoma.

Regression of hepatitis C virus (HCV)–associated lymphoma with interferon (IFN)-based

antiviral treatment supports an etiological link between lymphoma and HCV infection. In

addition, a favorable impact of antiviral treatmentonoverall survival of patientswithHCV-

related lymphoma has been reported. Data on IFN-free regimens combining direct-acting

antivirals (DAAs) in HCV-associated lymphoproliferative disorders are scanty. We

analyzed the virological and lymphoproliferative disease response (LDR) of 46 patients

with indolent B-cell non-Hodgkin lymphomas (NHLs) or chronic lymphocytic leukemia

(CLL) and chronic HCV infection treated with DAAs. The histological distribution was

37 marginal zone lymphomas (MZLs), 2 lymphoplasmacytic lymphomas, 2 follicular

lymphomas, 4 CLL/small lymphocytic lymphomas (CLL/SLLs), and 1 low-grade NHL not

otherwise specified. Thirty-nine patients received a sofosbuvir-based regimen and 7

patients received other DAAs. Themedian duration of DAA therapy was 12 weeks (range,

6-24 weeks). A sustained virological response at week 12 after finishing DAAs was

obtained in 45 patients (98%); the overall LDR ratewas 67%, including 12 patients (26%)who achieved a complete response. The LDR

rate was 73% among patients withMZL, whereas no responsewas observed in CLL/SLL patients. Seven patients cleared cryoglobulins

out of 15 who were initially positive. After a median follow-up of 8 months, 1-year progression-free and overall survival rates were 75%

(95% confidence interval [CI], 51-88] and 98% [95% CI, 86-100], respectively. DAA therapy induces a high LDR rate in HCV-associated

indolent lymphomas.Thesedataprovideastrong rationale forprospective trialswithDAAs in thissetting. (Blood. 2016;128(21):2527-2532)

Submitted 23 May 2016; accepted 30 August 2016. Prepublished online as
Blood First Edition paper, 7 September 2016; DOI 10.1182/blood-2016-05-
714667.

*L. Arcaini and C.B. contributed equally to this study.

†C.V. and O.H. contributed equally to this study.

Presented in abstract form at the 57th annual meeting of the American Society
of Hematology, Orlando, FL, 8 December 2015.

The online version of this article contains a data supplement.

There is an Inside Blood Commentary on this article in this issue.

The publication costs of this article were defrayed in part by page charge
payment. Therefore, and solely to indicate this fact, this article is hereby
marked “advertisement” in accordance with 18 USC section 1734.

© 2016 by The American Society of Hematology

BLOOD, 24 NOVEMBER 2016 x VOLUME 128, NUMBER 21 2527

For personal use only.on May 12, 2017. by guest  www.bloodjournal.orgFrom 



Virological response and LDR

DAA treatment led to a virological response in all patients, except 1
who had decompensated cirrhosis. Hematological ORR was 67%, CR
was obtained in 12 cases (26%), and PR was obtained in 19 (41%).
Elevenpatients had stable disease (24%) and four early progressed. The
LDR rate was 73% in patients with virological response and absent in
the single case without virological response. Responses according to
histological subtypes are summarized in Table 2. The ORR was 73%
in MZL (27/37) and 44% in non-MZL lymphoproliferative disorders

(4/9). Remarkably, none of the 4 CLL/SLL cases exhibited responses.
Among 7 cirrhotic patients, 1 obtained a PR, 4 exhibited disease, and
2 exhibited progressive disease, whereas 6 had a virological response.
Lastly,7patientsoutof15whowere initiallypositive,clearedcryoglobulins.

Because no LDR was observed among the CLL/SLL patients, we
analyzed thepredictive factors ofLDRwithin the42 cases ofNHLonly.
In univariate analysis, there was a trend toward a higher risk of
nonresponse in patients with nodal disease and in patients with low
hemoglobin levels. In contrast, patients with extranodal disease and
thosewith a serummonoclonal component have showna trend toward a
lower risk of nonresponse (P, .1) (see supplemental Table 1, available
on the Blood Web site). In multivariate analysis, risk of nonresponse
was significantly lower in patientswith a serummonoclonal component
compared to those without (OR, 0.1; 95% CI, 0.1-1.0; P 5 .048).
Furthermore, the presence of extranodal disease showed a trend toward
a lower risk of nonresponse (OR, 0.1; 95% CI, 0.1-1.1; P 5 .059).
On the contrary, no effect was found for the presence of nodal disease
(OR, 6.5; 95% CI, 0.5-81.9; P5 .150) or for low hemoglobin level
(OR, 2.4; 95% CI, 0.4-16.4; P 5 .357).

Outcome

After a median follow-up of 8 months (range, 2-30 months) since the
start of DAA therapy, median PFS is not reached, and estimated 1-year
PFS is 75% (95%CI, 51-88) (Figure 1).MedianOS is not reached, and
estimated 1-year OS is 98% (95% CI, 86-100) (Figure 2). Four early
progressions occurred either during (n5 1) orwithin 3months after the
end of DAA therapy (n 5 3). The first patient was treated with
DAA because of Child class C cirrhosis with encephalopathy and
concomitant extranodal MZL with high tumor burden; he had no
virological or lymphoma response and died 4 weeks after the early
interruption ofDAAtherapy.Another extranodalMZLpatient relapsed
soon after the interruption ofDAAand received immunochemotherapy
that led to CR. One patient with splenic MZL (SMZL), despite a rapid
virological response, developed a rapidly growing kidney mass that
was diagnosed as transformed DLBCL. One patient with a previous
diagnosis of extranodal MZL had an early progression after DAA
therapy and is now under chemotherapy treatment.

Two patients with SMZL progressed more than 3 months after the
end of DAA therapy. One was treated with immunochemotherapy,
resulting in PR. One patient progressed 6 months after the end of DAA

Table 1. Features of the 46 patients with B-cell lymphoproliferative
disorders associated with HCV infection treated with DAAs

n %

Male/female 18/28 39/61

MZLs 37 80

Splenic 17 37

Nodal 1 2

Extranodal 15 32

Leukemic 4 9

Others* 5 11

CLL/SLL 4 9

Ann Arbor stage III-IV 35/42 83

B symptoms 6 13

ECOG performance status $2 1 2

Hemoglobin ,12 g/dL 14/45 31

Platelets ,100 3 109/L 10/45 22

Lactate hydrogenase . UNL 10/40 25

b2-Microglobulin . UNL 20/26 77

Albumin ,3.5 g/dL 6/40 15

HCV genotype

1 29 63

2 12 26

3 3 7

4 2 4

Cirrhosis 7 15

Previous chemotherapy 10 22

Previous IFN-based antiviral treatment 12 26

DAAs

Sofosbuvir-based regimen† 39 85

Other regimen‡ 7 15

Median age of patients was 59 years (range, 40-78 years).
ECOG, Eastern Cooperative Oncology Group; UNL, upper normal limit.
*Follicular lymphoma (n 5 2), lymphoplasmacytic lymphoma (n 5 2), and low-

grade B-NHL not otherwise specified (n 5 1).
†Sofosbuvir combined with simeprevir (n 5 13), ribavirin (n 5 15), daclatasvir

(n 5 8), or ledipasvir (n 5 3).
‡Paritaprevir/ritonavir/ombitasvir with or without dasabuvir with or without

ribavirin (n 5 6) or faldaprevir/deleobuvir/ribavirin (n 5 1).

Table 2. LDR to DAAs according to histological subtypes in 46
patients with B-cell lymphoproliferative disorders associated with
HCV infection

CR, n PR, n SD, n

All (N 5 46) 12 19 11

MZLs (n 5 37) 11 16 6

Splenic (n 5 17) 4 7 5

Nodal (n 5 1) 1 0 0

Extranodal (n 5 15) 5 7 0

Leukemic (n 5 4) 1 2 1

Follicular lymphoma (n 5 2) 0 2 0

Lymphoplasmacytic lymphoma (n 5 2) 0 1 1

Low-grade B-NHL NOS (n 5 1) 1 0 0

CLL/SLL (n 5 4) 0 0 4

NOS, not otherwise specified; SD, stable disease.
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Figure 1. PFS of 46 patients with B-cell lymphoproliferative disorders

associated with HCV infection treated with DAA agents.
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ORR	67%:	26	%	CR,	41%	PR	-	ORR	in	MZL	73%;	no	response	in	CLL	

Lymphoma	response	

Virological response and LDR

DAA treatment led to a virological response in all patients, except 1
who had decompensated cirrhosis. Hematological ORR was 67%, CR
was obtained in 12 cases (26%), and PR was obtained in 19 (41%).
Elevenpatients had stable disease (24%) and four early progressed. The
LDR rate was 73% in patients with virological response and absent in
the single case without virological response. Responses according to
histological subtypes are summarized in Table 2. The ORR was 73%
in MZL (27/37) and 44% in non-MZL lymphoproliferative disorders

(4/9). Remarkably, none of the 4 CLL/SLL cases exhibited responses.
Among 7 cirrhotic patients, 1 obtained a PR, 4 exhibited disease, and
2 exhibited progressive disease, whereas 6 had a virological response.
Lastly,7patientsoutof15whowere initiallypositive,clearedcryoglobulins.

Because no LDR was observed among the CLL/SLL patients, we
analyzed thepredictive factors ofLDRwithin the42 cases ofNHLonly.
In univariate analysis, there was a trend toward a higher risk of
nonresponse in patients with nodal disease and in patients with low
hemoglobin levels. In contrast, patients with extranodal disease and
thosewith a serummonoclonal component have showna trend toward a
lower risk of nonresponse (P, .1) (see supplemental Table 1, available
on the Blood Web site). In multivariate analysis, risk of nonresponse
was significantly lower in patientswith a serummonoclonal component
compared to those without (OR, 0.1; 95% CI, 0.1-1.0; P 5 .048).
Furthermore, the presence of extranodal disease showed a trend toward
a lower risk of nonresponse (OR, 0.1; 95% CI, 0.1-1.1; P 5 .059).
On the contrary, no effect was found for the presence of nodal disease
(OR, 6.5; 95% CI, 0.5-81.9; P5 .150) or for low hemoglobin level
(OR, 2.4; 95% CI, 0.4-16.4; P 5 .357).

Outcome

After a median follow-up of 8 months (range, 2-30 months) since the
start of DAA therapy, median PFS is not reached, and estimated 1-year
PFS is 75% (95%CI, 51-88) (Figure 1).MedianOS is not reached, and
estimated 1-year OS is 98% (95% CI, 86-100) (Figure 2). Four early
progressions occurred either during (n5 1) orwithin 3months after the
end of DAA therapy (n 5 3). The first patient was treated with
DAA because of Child class C cirrhosis with encephalopathy and
concomitant extranodal MZL with high tumor burden; he had no
virological or lymphoma response and died 4 weeks after the early
interruption ofDAAtherapy.Another extranodalMZLpatient relapsed
soon after the interruption ofDAAand received immunochemotherapy
that led to CR. One patient with splenic MZL (SMZL), despite a rapid
virological response, developed a rapidly growing kidney mass that
was diagnosed as transformed DLBCL. One patient with a previous
diagnosis of extranodal MZL had an early progression after DAA
therapy and is now under chemotherapy treatment.

Two patients with SMZL progressed more than 3 months after the
end of DAA therapy. One was treated with immunochemotherapy,
resulting in PR. One patient progressed 6 months after the end of DAA

Table 1. Features of the 46 patients with B-cell lymphoproliferative
disorders associated with HCV infection treated with DAAs

n %

Male/female 18/28 39/61

MZLs 37 80

Splenic 17 37

Nodal 1 2

Extranodal 15 32

Leukemic 4 9

Others* 5 11

CLL/SLL 4 9

Ann Arbor stage III-IV 35/42 83

B symptoms 6 13

ECOG performance status $2 1 2

Hemoglobin ,12 g/dL 14/45 31

Platelets ,100 3 109/L 10/45 22

Lactate hydrogenase . UNL 10/40 25

b2-Microglobulin . UNL 20/26 77

Albumin ,3.5 g/dL 6/40 15

HCV genotype

1 29 63

2 12 26

3 3 7

4 2 4

Cirrhosis 7 15

Previous chemotherapy 10 22

Previous IFN-based antiviral treatment 12 26

DAAs

Sofosbuvir-based regimen† 39 85

Other regimen‡ 7 15

Median age of patients was 59 years (range, 40-78 years).
ECOG, Eastern Cooperative Oncology Group; UNL, upper normal limit.
*Follicular lymphoma (n 5 2), lymphoplasmacytic lymphoma (n 5 2), and low-

grade B-NHL not otherwise specified (n 5 1).
†Sofosbuvir combined with simeprevir (n 5 13), ribavirin (n 5 15), daclatasvir

(n 5 8), or ledipasvir (n 5 3).
‡Paritaprevir/ritonavir/ombitasvir with or without dasabuvir with or without

ribavirin (n 5 6) or faldaprevir/deleobuvir/ribavirin (n 5 1).

Table 2. LDR to DAAs according to histological subtypes in 46
patients with B-cell lymphoproliferative disorders associated with
HCV infection

CR, n PR, n SD, n

All (N 5 46) 12 19 11

MZLs (n 5 37) 11 16 6

Splenic (n 5 17) 4 7 5

Nodal (n 5 1) 1 0 0

Extranodal (n 5 15) 5 7 0

Leukemic (n 5 4) 1 2 1

Follicular lymphoma (n 5 2) 0 2 0

Lymphoplasmacytic lymphoma (n 5 2) 0 1 1

Low-grade B-NHL NOS (n 5 1) 1 0 0

CLL/SLL (n 5 4) 0 0 4
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Figure 1. PFS of 46 patients with B-cell lymphoproliferative disorders

associated with HCV infection treated with DAA agents.
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Predic#ve	factors	
•  Univariate	analysis:	higher	risk	of	non	response	in	pts	with	

nodal	disease	and	with	low	hb	levels	
•  In	contrast,	extranodal	disease	and	serum	MC	a	trend	toward	

a	lower	risk	of	nonresponse		

•  Mul#variate	analysis:,	risk	of	nonresponse	lower	in	pts	with	a	
serum	MC	(OR,	0.1;	95%	CI,	0.1-1.0;	P	5	.048)		and	a	trend	
with	extranodal	disease	



14th	Interna#onal	Conference	of	Malignant	Lymphoma		
(Lugano,	14-7	June	2017)	

	
	
•  Frigeni	et	al.	“Interferon-Free	An#viral	Treatment	in	B-cell	

Lymphoprolifera#ve	Disorders	associated	with	Chronic	
Hepa##s-C	Virus	Infec#on"	(nr.	136).	oral	presentaPon	in	
the	SESSION	12:	“MARGINAL	ZONE	LYMPHOMA",	Saturday,	
June	17th	from	10:15	to	11:15	in	Room	A	

•  Merli	et	al.	“Direct-ac#ng	An#virals	during	or	aher	Immuno-
chemotherapy	in	Hepa##s	C	Virus-associated	Diffuse	Large	
B-cell	Lymphomas”	poster	presenta#on	



A	mul#center	study	to	evaluate	the	an#viral	ac#vity		
of	an	interferon-free	treatment	with		

sofosbuvir	+	ledipasvir	±	ribavirin	(G1,	3	and	4)		
and	sofosbuvir	+	ribavirin	(G2)	for	pa#ents		

with	hepa##s	C	virus-associated	indolent	B-cell	lymphomas	
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