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Marginal-Zone B-Cell lymphomas: 
WHO 2017 subtypes

Olszewski and CasAllo, Cancer 2013

MZL WHO Subtypes % of all lymphomas
in SEER registries

Extranodal MZL of Mucosa-
Associated Lymphoid Tissue
(MALT-Lymphoma)

5%

Nodal MZL (NMZL) 2.4%

Splenic MZL (SMZL) 0.7%



Epidemiology of MZL

3rd most 
common 

B-NHL subtype

Prevalence of FL and MZL       
(UK data 2004-2014)

Age-class specific incidence by 
lymphoma subtype 
(UK data 2004-2014)

10y prevalence slightly 
inferior than FL

Smith et al. BJC 2015
Monga et al. Ann Hematol 2019



MZL: a group of related clinical entities
DifferenFal diagnosis not always straighJorward



SPLENIC MARGINAL ZONE 
LYMPHOMA



Epidemiology

• NHL in the SEER: 763/116411 cases (0.7%) SMZL

• Median age at dg 69 years

• The overall age-adj incidence 0.13 per 100 000 persons per y

• Increasing trends among white, male, or age >70 years

• International Lymphoma Epidemiology Consortium NHL 
Subtypes Project (20 case-control studies, 17471 NHL cases, 
23 096 controls): association with B-cell activating
autoimmune conditions, asthma, and use of hair dye

Liu et al. Leukemia and Lymphoma 2013
Morton et al. J Natl Cancer Inst Monogr. 2014

Bracci et al. J Natl Cancer Inst Monogr. 2014



Minimal diagnostic criteria

1- Splenic histology + CLL score ≤2

in absence of spleen histology

2- Typical morphology (PB and BM) + FC

+ CD20+ intrasinusal infiltrate

Matutes et al. Leukemia 2008



SMZL:  IgM+/IgD+, SIg +, CD20+, CD22+,CD24+, CD27+, FMC7+, CD79b+, CD103-, 
CD123-, CD10-, DBA44 + (75%), CD11c + (50%), CD23+ (30%),  CD5 + (20%)

involved, displaying a nodular proliferation with obliteration of the
reactive germinal centers and engulfment of the sinuses.

In BM trephine biopsy, a rather characteristic sinusoidal pattern
of in!ltration is often detectable, usually combined with an interstitial
and nodular component.17 However pathologists must be aware that
this patternmay also be observed, although less frequently, in several
low-grade B-cell lymphomas. A careful evaluation of cytology and im-
munophenotype, including a search for the dendritic meshwork more
commonlypresent anddisrupted inSMZL,18 ishelpful inmany instances.

Immunophenotype

SMZL does not harbor a speci!c immunophenotype; thus, "ow cyto-
metry and immunohistochemistry antibody panels should be tailored
toexcludeother subtypes (Tables1and2).11TheMatutes"owcytometry
score is low in SMZL, ranging from 0 to 2, whereas diagnosis of CLL
requires a score greater than 3.19,20 By immunohistoichemistry, SMZL
consistently expresses CD20, CD79a, BCL2, and surface immunoglob-
ulin M (IgM), variably shows surface IgD and DBA44, and is typically
negative for CD5, CD10, BCL6, cyclin D1/BCL1, CD43, annexin A1,
LEF1,CD103, andCD123.Monotypic expressionof Ig light chainsmay
represent a diagnostic clue. CD51 cases have been described and should
be carefully distinguished fromMCL and CLL.21 CD23 and CD21may
be positive in the tumor cells and are useful for delineating the residual
follicular dendritic meshwork. Proliferation index (Mib-1/Ki-67) is low
(usually ,5%) and depicts a distinctive targetoid picture (Figure 1).
IRTA1 positivity, reported on the neoplastic cells in cases of extranodal
MZL (EMZL), is barely present in SMZL.22

Differential diagnosis

Areactive follicular hyperplasiamust alwaysbeconsidered; this pattern
is frequent or even the rule in children, adolescents, andyoung adults.A
diagnosis of SMZL should not be proposed if the spleen weighs less
than 300 to 400 g or in the absence of a monotypic cell population.

In most cases, architectural and cytologic features along with
adequate immunophenotype allow differentiation of SMZL from
other small B-cell lymphomas with micronodular patterns, particularly
CLL, MCL, and follicular lymphoma, which may occasionally mimic
anMZpattern. In rare CD51 cases, morphology, cyclin D1/BCL1, and
SOX11 negativity and the absence of t(11;14) rule out MCL.11

Among subtypes with privileged splenic involvement, HCL is dis-
tinguished for its characteristic morphology and phenotype. Differen-
tiating splenic diffuse red pulp lymphoma 23 andHCL-v24may be very
dif!cult or even impossible with only blood or BM biopsy,17 because
they represent two recognized entities with ill-de!ned clinicopathologic

and immunophenotypic features that partially overlap those of SMZL
(Tables 1 and 2). Thus, a de!nite diagnosis may require detailed clinical
information, a comprehensive phenotype, and spleen histology, which
usually shows a typical diffuse pattern of in!ltration with preserved
or atresicwhite pulp follicles.23 In cases of splenic B-cell lymphomas
that do not ful!ll the World Health Organization 2008 criteria for
better established or provisional entities, a diagnosis of splenic B-cell
lymphoma/leukemia unclassi!able should be preferred.11

Differentiating SMZL from lymphoplasmacytic lymphoma (LPL)
may be challenging, particularly on BM biopsy, because SMZL may
showamonoclonal serumcomponent andplasmacyticmorphology, and
both entities lack a distinct phenotype. LPL,which develops primarily in
the spleen, homogeneously in!ltrates thewhite pulpwithoutMZpattern
and without monocytoid B cells. MYD88 L265P mutation, present in
almost all cases of LPL and rare in SMZL, may be a useful diagnostic
tool.25 A further diagnostic pitfall may be represented by detection of a
BMclonal in!ltrate incasesofnon-CLLmonoclonalB lymphocytosis.26

Finally, secondary splenic localization of EMZL presents a pattern
that overlapswith that of SMZL, but clinical dissemination is crucial for
differentiation. Splenic involvement virtually excludes a diagnosis of
nodal MZL; apart from the differential expression of IRTA1, which is
negative in SMZL,11,22 clinical correlation is critical for reaching a
correct diagnosis when dealing with a BM biopsy.

Molecular pathogenesis of SMZL

Cell of origin and immunogenetics

The cellular origin of SMZL is still debated, and its identi!cation
is essential to correctly classify this lymphoma and to elucidate its
pathobiology. According to the World Health Organization classi!ca-
tion, the postulated normal counterpart of SMZL is a B cell of unknown
differentiation stage.11 According to studies of Ig gene rearrangements, a
derivation from antigen-experienced B cells has been postulated in the

Table 1. Flow cytometry features of SMZL and other leukemic B-cell
lymphoproliferative disorders

SMZL CLL MCL HCL HCL-v

sIg Strong Weak Strong Strong Strong

CD5 1 111 111 2 2

CD23 1 111 2 2 2

FMC7 111 1 111 111 111

CD11c 11 2 2 111 111

CD103 2 2 2 111 11

CD123 2 2 2 111 2

CD25 1 2 2 111 2

CD27 11 111 111 2 11

CD200 2 111 2 111 2

2, ,10% of cases positive;1, 11%-35% positive cases;11, 36%-75% positive

cases; 111, .75% positive cases.
CLL, chronic lymphocytic leukemia; MCL, mantle cell lymphoma; sIg, superficial

immunoglobulin expression.

Table 2. Immunohistochemistry features of SMZL and other small
B-cell lymphomas

SMZL LPL SDRPL HCL-v HCL
EMZL/
NMZL CLL MCL FL

CD20 1 1 1 1 1 1 2/1 1 1

CD79a 1 1 1 1 1 1 1 1 1

CD5 2/1 2/1 2/1 – – 2/1 1 1 –

CD21 2/1 – – – – – – – –

CD23 2/1 2/1 – – – 2/1 1 – 2/1

BCL1 – – – 2/1 1 – – 1 –

DBA44 1/2 – 1 1 1 – 2/1 – –

Annexin A1 – – – – 1 – – – –

CD103 – – – 1/2 1 – – – –

CD123 – – – – 1 – – – –

IRTA1 – – – – – 1/2 – – –

IgM 1 1 1 1 1 1 1 1 1

IgD 1/2 – 2/1 1 1 2/1 1 1 1

CD10 – –* – – – – – –* 1/2

BCL6 – – – – – 2/1 – 2/1 1

CD43 2/1 – – – – 2/1 1 1 –

SOX11 – – – – – – – 1 –

LEF1 – – – – – – 1 2/1 –

–, ,25% of cases; –/1, 25%-50% of cases; 1/–, 50%-75% of cases; 1, .75%
of cases.

FL, follicular lymphoma; NMZL, nodal marginal zone lymphoma; SDRPL, splenic

diffuse red pulp lymphoma.
*Sporadic cases reported.

2074 ARCAINI et al BLOOD, 28 APRIL 2016 x VOLUME 127, NUMBER 17

For personal use only.on May 11, 2016. by guest  www.bloodjournal.orgFrom 

Flow cytometry

Arcaini et al. Blood 2016



SMZL:  IgM+/IgD+, SIg +, CD20+, CD22+,CD24+, CD27+, FMC7+, CD79b+, CD103-, 
CD123-, CD10-, DBA44 + (75%), CD11c + (50%), CD23+ (30%),  CD5 + (20%)

SMZL CLL MCL FL HCL HCL-v MALT 

Flow cytometry
Strong SigM +++ +/- +++ +++ +++ +++ +++

CD5 + +++ +++ - - - -

CD23 + +++ - + - - -

FMC7 +++ - +++ +++ +++ +++ +++

CD11c ++ - - - +++ +++ -

CD103 - - - - +++ ++ -

CD123 - - - - +++ - -
CD25 + - - - +++ - -

CD27 ++ +++ +++ +++ - ++ +
Immunohistochemistry
DBA44 ++ + - - +++ +++ -
IgM, IgD +++ +++ - + +++ + +
CD10 - - - +++ - - -
BCL6 - - - +++ - - -
CCND1 - - +++ - + - -
CD5 + +++ +++ - - - -
CD43 + +++ +++ - - - +
CD23 - +++ - + - - -

CD27 ++ +++ +++ +++ - ++ +

Annexin A1 - - - - +++ - -



11

CLL:   ̴10 lesions/exome
SMZL:  ̴ 30 lesions/exome
DLBCL:  ̴ 90 lesions/exome
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WES in SMZL

Rossi et al. JEM 2012
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NOTCH2 mutations are selectively restricted to SMZL
across mature B-cell tumors

Rossi et al. J Exp Med. 2012
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Key molecular alterations in SMZL

Arcaini et al. Blood 2016



SMZL prognostic score (IIL)

Arcaini et al. Blood 2006

SMZL score
0 41% Low

1 34% Int

2-3 25% High

CSS

25-30% pts 
worse outcome

Generally 
indolent course 

with median 
survival 8-10ys



HPLL/ABC prognostic score
HPLL/ABC score

A 0 36%
B 1-2 56%
C 3-4 8%

Risk factors HPLL/ABC score
Hb < 9.5 g/dl
Plt <80000/mmc
high LDH
extra-hylar Lymphoadenopathy

Montalban et al, Leuk Lymph 2014

LSS



IELSG-46: molecular profiling in SMZL

Bruscaggin A et al ICML 2019

• N=404 fresh spleen samples (splenectomy before 2010)

• SMZL diagnosis confirmed by pathologic revision

• Targeted deep NGS 

•mutations (CAPP-seq)

•CNA

• Gene Expression Profiling (global and targeted mRNA seq)

• IGHV sequencing

• Clinical data (>8 years of follow-up)

• Machine-learning → molecular clusters

46



IELSG-46: SMZL relative survival

Bruscaggin A et al ICML 2019

•SMZL: -23% survival with respect to matched general population



IELSG-46: SMZL mutational landscape

Bruscaggin A et al ICML 2019

•N=404 fresh spleen samples (splenectomy before 2010)
•Targeted deep NGS, GEP, IGHV sequencing, machine-learning 



Bruscaggin A et al ICML 2019

MC1: NOTCH-NF-kB genes (62%)
• NOTCH2, KLF2

MC2: Epigenetic genes (21%)
• KMT2D, EP100, CREBBP

MC3: DNA damage genes (17%)
• TP53, ATM

IELSG-46: 3 molecular clusters



IELSG-46: molecular clusters survival

Bruscaggin A et al ICML 2019

•TP53 mutations (8%): lower survival 
(10y OS 46 vs 76.9%, p<0.01)



NODAL MARGINAL ZONE 
LYMPHOMA



Definition: a primary nodal B-cell neoplasm that

morphologically resembles lymph nodes involved

by MZL of extranodal or splenic types, but without

evidence of extranodal or splenic disease

Nodal marginal zone lymphoma



PTPRD mutations are enriched in
NMZL across mature B-cell tumors (n=619)

NMZL SMZL

PTPRD 14.3% 0%

MLL2 34.3% 7.7%

NOTCH2 20% 21.6%

KLF2 14.3% 21.1%

Genes mutated in >15% 
of NMZL and/or SMZL

Low High

p=.01

Mutation frequency

p<.001

p=1

p=0.5

Spina et al Blood 2016



N Extranodal disease except BM

ILSG Blood 1997 25 NA

Armitage  et al JCO 1998 20 25%> 1 extran. site, 5% GI

Nathwani et al. (USA) JCO 1999 20 spleen 25%, 13% liver

Berger et al. (FR) Blood 2000 37 25%> 1 extran. site, 5% liver

Camacho et al. (E) AJSP 2003 27 0

Traverse-Glehen et al. (FR) Histopathology

2006

21 0

Oh et al. (Korea) Ann Hematol 2006 36 NA

Arcaini et al. (IT) Br J Haematol 2007 47 0

Kojima et al. (JPN) Cancer Science 2007 65 0

Series of nodal marginal zone lymphomas



M/F Median age (yrs) Stage I/II (%) BM+ (%)

ILSG Blood 1997 1:1.4 58 18 41

Armitage et al. JCO 1998 1:1.4 58 26 32

Nathwani et al. (USA) JCO 1999 1:1.3 59 29 28

Berger et al. (FR) Blood 2000 1:1.3 35% > 60 yrs 32 43

Camacho et al. (E) AJSP 2003 1:2.1 62 59 29

Traverse-G. et al. (FR) Histopathology 2006 2:1 57 24 62

Oh et al. (Korea) Ann Hematol 2006 2.6:1 50 50 19

Arcaini et al. (IT) Br J Haematol 2007 1:1.7 63 33 45

Kojima et al. (JPN) Cancer Science 2007 1:1.3 64 77 0

Presenting features (I)



5-yrs OS 5-yrs PFS

ILSG Blood 1997 57 29

Armitage  et al. JCO 1998 57 29

Nathwani et al. (USA) JCO 1999 56 28

Berger et al. (FR) Blood 2000 55 29

Camacho et al. (E) AJSP 2003 79 22

Traverse-G. et al. (FR) Histopathology 2006 70 35

Oh et al. (Korea) Ann Hematol 2006 83 47

Arcaini et al. (IT) Br J Haematol 2007 69 29

Kojima et al. (JPN) Cancer Science 2007 85 65

Outcome



FLIPI score

Arcaini et al, BJH  2007



EXTRANODAL MARGINAL ZONE 
LYMPHOMA OF MALT



Array-CGH identifes both common or 
subtype-specific aberrations in MZL

• MZLs share 3q and 18q gains
• NMZL are more similar to EMZL 

than SMZL
• Extracopies of chr 3 and 18 are 

the same as in DLBCL

• EMZL and SMZL profiles show 
differences
- 3p, 6p and 18p gains in EMZL
- 6q losses in EMZL (A20/TNFAIP3)
- 7q, 8p, 14q and 17p losses in   
SMZL Rinaldi et al, Blood 2011



MALT lymphoma: sites

• Gastrointestinal tract 50%
– stomach 34%
– intestine (inc IPSID) 5-8%

• Salivary gland 26%
• Respiratory tract
– lung 9%
– pharynx, larynx, trachea

• Thyroid 4-6%
• Ocular adnexa 10-17%
– conjunctiva
– lacrimal gland
– orbit*

• Thymus
• Liver 3%
• Genitourinary tract 3%

– bladder
– prostate
– kidney

• Breast 3%
• Skin* 10-12%
• Dura*
• Rare sites

*not mucosal

Zucca et al. 2003,  Thieblement & Coiffier 2004



Diagnosis of MALT lymphoma

HISTOLOGICAL FEATURES 
• Centrocyte-like cells (usually)
• Lymphoepithelial lesions 
• Plasma cell differentiation
• Scattered transformed blasts
• Admixed reactive T-cell
• Follicular colonisation

IMMUNOPHENOTYPE
• CD5, CD10, CD23, IgD negative
• CD20, CD21, CD35, IgM, 

IRTA1 positive

Isaacson et al. in WHO Classification of Tumours of Haematopoietic &Lymphoid Tissues. IARC, Lyon 2008



• Multifocal disease  in ≥25% of cases

• PET use is controversial and has uncertain clinical utility (ESMO 
Guidelines)

• Variable FDG-avidity 
(higher in non-gastric lesions!) 

• Pooled PET/CT 
detection rate 71% 
(95% CI: 61-80%) 
in a literature meta-analysis 

Staging of MALT Lymphoma

Treglia et al. Hematol Oncol. 2014



Evidence of antigen-driven growth 
in MALT lymphomas

• Histological features of MALT lymphoma
• Somatic hypermutation of 

immunoglobulin gene (and intraclonal 
variation)

• Association with chronic infectious 
conditions and auto-immune processes

• Therapeutic efficacy of antibiotics or 
antivirals



• Helicobacter pylori in gastric MZL
• Borrelia burgdorferi in cutaneous MZL 
• Chlamydophila psittaci in some OALs
• Campylobacter jejuni in IPSID
• HCV association with some non-MALT MZL
• Achromobacter (Alcaligenes) Xylosoxidans

in BALT-Lymphoma
• Nevertheless, lymphoma cell are usually 

“autoreactive”

Antigen-driven lymphoma development



P<0.0001

1 factor, n= 164
0 factor, n=167

2-3 factors, n=68

EFS

P<0.0001

P<0.0001 P<0.0001

PFS

OS CSS

IELSG MALT lymphoma score : LDH, Age, Stage 
MALT score : 0 factor / 1 F / > 2

3-years PFS = 51%



PFS by MALT prognostic score 

gastric MALT Non-gastric MALT 

Thieblemont et al ICML 2015



High risk Marginal Zone Lymphomas

§ 6-9% of all NHLs

§ Splenic, Nodal and Extranodal
subtypes (SMZL, NMZL, EMZL)

§ Indolent course improved in the 
Rituximab era

§ Missing standard treatment but 
immunochemotherapy is generally 
used for symptomatic patients
(R-Chl, R-Bendamustine)

§ Subtype-specific prognostic scores 
(MALT-IPI, HPLL)

HPLL for SMZL4 MALT-IPI for EMZL5

IELSG-191 R-bendamustine2-3

EMZL SMZL

1. Zucca E,  JCO 2017
2. Salar A, Blood 2017
3. Iannitto, BJH 2018
4. Montalban, BJH 2012
5. Thieblemont, Blood 2018



Casulo et al JCO 2015

Early progressors in follicular lymphoma

Casulo et al Blood 2017

Association between POD24 and OS
HR (95%CI): 5.24 (4.63, 5.93); p<0.01

FLASH study: 
landmark OS in FL patients with early POD

National LymphoCare Study: early relapse after R-CHOP 
defines patients at high risk of death 

POD24 yes POD24 no
2y-OS 68% vs 97% 
5y-OS 50% vs 90%



NF10 study by Fondazione Italiana Linfomi

§ Prospective observational study to 
investigate the prognosis of Indolent Non-
Follicular B-Cell Lymphomas (INFL)

§ Adult patients with biopsy-proven INFL
o SMZL (bone marrow and/or splenic

histology) 
o ENMZL (tissue biopsy) 
o NMZL (lymph node biopsy) 
o Lymphocytic lymphoma (lymph node

biopsy) 
o Lymphoplasmacytic lymphoma (bone 

marrow histology or lymph node biopsy)
o CD5- lymphoproliferative disorder (BM 

histology) 
§ No exclusion criteria 

§ Started in 2010
§ 47 active centers in Europe and 

South America
§ 1325 pts eligible based on local 

pathology report
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Histologic Transformation (HT) in MZL

Alderuccio JP et al. JCO 2018

• 446 pts: 389 MALT, 29 NMZL, 35 SMZL

No HT

HT

HT >1y

HT at dgn

0<HT≤1y



TREATMENT



Arcaini et al. Blood 2006

Splenectomy



Lenglet et al, Leuk Lymph 2014

Splenectomy

- 100 HCV- SMZL 
treated by splenectomy
- Median PFS 8.25 yrs
- 5-y OS 84%
- 10-y OS 67%
- Hist. transformation in 11%

  Splenectomy in SMZL  5

 Pneumocystis jiroveci  infection in one patient, and pulmonary 
infection of unknown etiology in the other three patients. Two 
of these four patients had concomitant progression of their 
SMZL with lymph node dissemination. Of the remaining deaths 
unrelated to SMZL, two were caused by another cancer (hepato-
carcinoma in one patient and lung cancer in the other), one was due 
to a cerebral stroke, one was caused by a road accident, one was 
attributed to multiple conditions (heart failure and acute myel-
oid leukemia) and one was due to an undetermined cause.   

 Histologic transformation 
 Eleven (11%) patients developed histologic transformation 
during follow-up. ! is diagnosis was made when new biop-

sies at the time of disease progression contained more than 
50% of large cells or sheets of large cells. For those patients 
with transformation, the median time to transformation was 
1.91 years after splenectomy (range: 3 months – 12 years). 
Histologic transformation was not in" uenced by the 
administration of adjuvant therapy after splenectomy. At 
the time of transformation, the patients presented with a 
clinical picture of aggressive lymphoma: the presence of B 
symptoms, poor performance status (PS), disseminated dis-
ease in nodal and extranodal locations and high LDH levels. 
! e median PFS and OS times after transformation were 
1.38 and 3.07 years, respectively (Figure 3).   

 Prognostic factors 
 None of the classic prognostic factors included in the aaIPI 
scoring (PS, stage and LDH level) was associated with OS or 
PFS time (Table II). A trend toward an association between 
the IIL score and PFS was observed, but this did not achieve 
statistical signi# cance ( p     !    0.0655). ! e simpli# ed point-
based HPLLs/ABC scoring system did not discriminate 
patients considering PFS ( p     !    0.7746) and OS ( p     !    0.3440) 
(Table II). 

 Only age and histological transformation to a high-grade 
lymphoma were signi# cantly associated with a shorter OS 
( p     !    0.0356 and  p     !    0.0312, respectively). Neither the occur-
rence of an immune event, low albumin level nor anemia 
(either    "    120 g/L or    "    100 g/L) was of prognostic value. His-
tological transformation was the only parameter signi# cantly 
associated with a shorter time to progression ( p     !    0.0001). 
IIL score was retrospectively calculated in only one-third of 
the patients. ! e time between diagnosis and splenectomy 
did not impact on the outcome.    

 Discussion 

 SMZL is the most frequent lymphoma among the splenic 
lymphomas [32]. ! e outcome of patients with SMZL is 
characterized by an indolent course: approximately 70% of 
patients remain alive at 10 years after diagnosis, and approxi-
mately 30 – 50% of these will eventually die from causes unre-
lated to SMZL [2,5]. 

 Splenectomy was proposed years ago as an indispensable 
diagnostic procedure for patients with splenomegaly. How-
ever, PB and BM investigations (such as " ow cytometry of the 

  Figure 2.     Overall survival (A) and progression-free survival (B) from the 
time of splenectomy. Five- and 10-year expected survival was 84% and 
67%, respectively. Five- and 10-year expected PFS was 61% and 46%, 
respectively. Median PFS was 8.25 years.  

  Table II. Prognostic factors for overall survival and progression-free survival.  

Overall survival Progression-free survival

5-year OS 5-year PFS

Presence (%) Absence (%)  p -Value Presence (%) Absence (%)  p -Value

Age    #    60 77 94 0.0290 54 70 0.2836
Histologic transformation 63 87 0.0235 12 68  "    0.0001
Lymphocytosis at 6 months    $    4    %    10 9 /L 92 94 0.6497 73 73 0.9322
Lymphocytosis at 1 year  $    4    %    10 9 /L 92 95 0.2316 66 66 0.8872
Adjuvant therapy 81 91 0.4689 61 61 0.9151

Score Score

aaIPI 0 vs. 1 vs. 2 vs. 3 100 vs. 50 vs. 82 vs. 93 0.4156 66 vs. 71 vs. 55 vs. 44 0.4436
IIL score 0 vs. 1 vs. 2 – 3 83 vs. 86 vs. 100 0.8389 89 vs. 53 vs. 30 0.1579
HPLLs/ABC score 0 vs. 1 – 2 vs. 3 82 vs. 100 vs. 91 0.3440 64 vs. 100 vs. 64 0.7746

 aaIPI, age-adjusted International Prognostic Index; IIL, Intergruppo Italiano Linfomi; HPLLs/ABC, hemoglobin, platelet count, LDH and 
extrahilar lymphadenopathy/low-, intermediate- and high-risk groups; OS, overall survival; PFS, progression-free survival.   
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Splenectomy: series of SMZL

into 3 groups: low risk (36%)with 0 points, intermediate risk (56%)with
1 or 2 factors, and high risk (8%)with 3 or 4 factors. The 3 groups had a
5-year LSS of 95%, 87%, and 68%, respectively. These scores have
been validated in an independent series of SMZL patients.65

The clinical scores are neither 100% sensitive nor 100% speci!c
in identifying high-risk patients. Molecular aspects of SMZL (ie, Ig
gene mutation status, NOTCH2 and KLF2 mutations, TP53 abnormal-
ities, and aberrant promotermethylation) represent promising prognostic
biomarkers associated with inferior outcome,32,38,43,45 and their in-
corporation into the currently available clinical prognostic models
might improve risk strati!cation of patients.

Treatment

Consensus guidelines recommend treating SMZL only in the presence
of symptomatic splenomegaly, cytopenias, systemic symptoms, or
progressive nodal disease.15,66,67 Autoimmune cytopenias should be
speci!cally treated.15,66

No randomized trials have been conducted in SMZL and, as
consequence, there is no consensus on how to treat newly diagnosed
and relapsed patients. The therapeutic options for SMZL have awide
range and include splenectomy,1,7,59,61,68-73 chemotherapy,74-81 and
rituximab alone70,82,83 or rituximab with chemotherapy.70,84-87 In
addition, antiviral treatment should be considered in patients with
SMZL and concurrent chronic infection with HCV-related hepatitis
who do not need immediate conventional treatment against the
lymphoma.9,55

Staging and response criteria

According to Lugano classi!cation,88 SMZL is not "uorodeoxyglucose-
avid disease and must be staged by means of computed tomography.
However, positron emission tomography can be considered if a
transformation is suspected.66

In addition to Lugano principles,88 speci!c criteria for response
assessment have been proposed15 that consider the particular clinical
presentation of SMZL. In particular, a complete response (CR) is
achieved when splenomegaly has been resolve, blood cell counts are
normalized, "ow cytometry on blood is negative, and BM histology is
negative by immunohistochemistry.

Splenectomy

As a therapeutic approach, surgical removal of large spleens may
eliminate a signi!cant amount of disease by ameliorating abdominal
discomfort and resolving cytopenias that result from splenic seques-
tration.7 After surgery, patients can remain free from treatment for
many years.1 Because cytopenias resulting frommarrow failure do
not resolve after splenectomy, a BM biopsy is advisable during the
workup to de!ne the burden of BM in!ltration by the disease. One
additional advantage of splenectomy is that it allows a de!nitive
diagnosis of SMZL. Drawbacks of splenectomy are short-term
(perioperative events) and long-term (immune suppression and
infections) complications.

Perioperative complications were registered in one quarter of a
recent series of 41 splenectomized patients89: pulmonary dysfunction
in 8 (19.5%), deep vein thrombosis in 1 (2.4%), portal vein thrombosis
in 1 (2.4%), and major bleeding in 9 (21.9%).

Infections caused by encapsulated bacteria are the major risk
associated with splenectomy,90 and vaccination against capsulated
bacteria is mandatory at least 2 weeks before elective splenectomy.91

The risk of infections after splenectomy is low in lymphomas but is still
present aftermanyyears and is potentially fatal.92 In 2 recent series from
France7 and British Columbia,62 about 5% of splenectomized patients
died of infectious complications.

Physicians are sometimes reluctant to choose splenectomy in
patients with comorbidities and/or advanced age; in these situations, a
laparoscopic approach72,93 can extend the indication to splenectomy in
case of massive splenomegaly through the hand-assisted approach.94

Splenectomy should be contraindicated in cases with disseminated
lymphomawithnodal involvementoutside the splenichilum.Conversely,
a strict indication for splenectomy is present in cases with suspected
transformation (eg, nodular lesion with augmented "uorodeoxyglu-
cose uptake). Results of SMZL series of splenectomized patients are
summarized in Table 3.

Rituximab-based treatment

The clinical scenario of systemic therapy in SMZLwas changedwith
the introduction of the anti-CD20 monoclonal antibody rituximab,
and rituximab-based treatment has become a valid alternative to
splenectomy.95,96

Table 3. Series of SMZL patients treated with splenectomy

Reference Year N

Response

OS
Deaths due to

surgeryORR (%) Duration

Mulligan et al68 1991 20 95 Median DOR 4 y NR 1

Troussard et al59 1996 28 75 NR 71% at 5 y 1

Chacon et al61 2002 60p 93.3 Median FFS 40 mo 65% at 5 y NR

Thieblemont et al1 2002 48† 100 PFS 48% at 5 y NR NR

Parry-Jones et al60 2003 33 NR NR LSS 95% at 10 y NR

Iannitto et al69 2004 21 91 Median DOR 4 y NR NR

Tsimberidou et al70 2006 10 60 FFS 80% at 3 y 89% at 3 y 0

Olszewski et al71 2012 652 NR NR 67.8% at 5 y‡ NR

Kalpadakis et al73 2013 27 85 PFS 58% at 5 y 77% at 5 y 1

Lenglet et al7 2014 100 97 PFS 61% at 5 y 84% at 5 y 0

Xing et al62 2015 52§ NR FFS 39% at 10 y 61% at 10 y 0

Pata et al89 2015 41 90 PFS 35% at 5 y 75% at 5 y 0

DOR, duration of response; FFS, failure-free survival; LSS, lymphoma-specific survival; NR, not reported; ORR, overall response rate; OS, overall survival; PFS,

progression-free survival.
pSplenectomy alone in 29 patients.
†Splenectomy alone in 25 patients.

‡Survival of entire series of 1251 patients with no impact of splenectomy on OS.
§Splenectomy alone in 42 patients.
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Splenectomy: complications
Perioperative complications in 41 splenectomized pts
(Pata et al, 2015):
- Pulmonary dysfunction 20%
- Deep vein thrombosis 2%
- Portal vein thrombosis 2%
- Major bleeding 22%

Infections caused by encapsulated bacteria

In 2 recent series from France and British Columbia,
about 5% of splenectomized patients died of infectious
complications (Langlet et al, 2014; Xing et al, 2015)



Rituximab

Tsimberidou et al, Cancer , 2006

1466 C. Kalpadakis et al. 

  Table V. Outcome of immunochemotherapy in patients with SMZL: review of the literature.  

Author Regimen No. of patients ORR, % CR, % PFS, % (at  n  years) OS, % (at  n  years)

Arcaini, 2004 [38] RCVP 3 100 100 100 100
Tsimberidou, 2006 [25] R-chemo * 6 83 17 100 (3) 100 (3)
Brown, 2007 [39] RF 26 (4) 85 54 79.5 (3.1) NR
Cervetti, 2010 [40,41] R-2-CdA 32 87 62 80 (5) 89 (6)
Else, 2012 [27] R-chemo 33 100 79 71 (3) 98 (3)

    SMZL, splenic marginal zone lymphoma; RCVP, rituximab, cyclophosphamide, vincristine, prednisone; RF, rituximab, 
! udarabine (six cycles of ! udarabine 25 mg/m 2  on days 1 – 5 with rituximab 375 mg/m 2  on day 1 of a 28-day cycle); R-2-
CdA, rituximab, 2-chlorodeoxyadenosine (cladribine was administered at a dose of 5 mg/m 2 /week iv for a total of six cycles, 
rituximab was administered either after chemotherapy for four doses or concomitantly with cladribine for a total of six cycles); 
ORR, overall response rate; CR, complete response; PFS, progression-free survival; OS, overall survival; NR, not reported.  
   * Mainly ! udarabine-based regimens.   

  Figure 1.     PFS in rituximab-treated patients according to maintenance.  

26% an uncon! rmed CR (CRu) due to lack of bone marrow 
reevaluation and 24% a partial response (PR). In addition 
9/13 complete responders achieved a molecular remission, 
as well. " e median time to normalization of blood counts 
was 2 weeks (range, 1 – 8 weeks). " e 5-year OS and PFS for all 
rituximab-treated patients were 92% and 73%, respectively. 
In another recent study by Else  et   al . in a series of 43 patients 
who received rituximab either alone ( n     !    10) or in combi-
nation with chemotherapy ( n     !    33), excellent results were 
also obtained [28]. All patients responded and 79% of them 
achieved a CR. " e 3-year disease-free survival (DFS) and OS 
were 79% and 98%, respectively. 

 Our group was the ! rst to publish on the role of main-
tenance treatment with rituximab in patients with SMZL. 
Evaluation of response 2 months after the completion of 
maintenance therapy was performed in 43 patients: 27 
sustained their initial response (CR,  n     !    22; CRu,  n     !    3; 
PR,  n     !    2), whereas 15 improved the quality of response 
by entering a CR after the end of the maintenance phase. 
Among the 55 rituximab-responders, eight (15%) relapsed 
after a median time period of 36.5 months (range, 22 – 48). 
Interestingly, relapses occurred more frequently and more 
rapidly in patients who did not receive maintenance com-
pared to those who did, with 5-year PFS rates of 84% and 36% 
( p     "    0.0001), respectively (Figure 1). Moreover, in accordance 
with Bennett  et   al ., rituximab retained its e#  cacy in relaps-

ing patients, since retreatment with rituximab resulted in an 
ORR of 67%, further indicating that it can be used safely in 
this setting [27,34].   

 Combination of rituximab with chemotherapy 
 In an e$ ort to further improve the outcome, rituximab has 
been combined with chemotherapy in a limited number of 
patients with SMZL [26,28,39 – 41]. Table V summarizes pub-
lished data on the outcome of rituximab (R)-chemotherapy. 
" e ORR ranges between 80 and 100%, with more than half 
of the patients achieving a CR with long duration. In the ret-
rospective study by the M. D. Anderson Cancer Center, six 
of 43 patients with SMZL were treated with chemotherapy 
plus rituximab and were compared with 11 patients treated 
with chemotherapy only and 25 patients treated with ritux-
imab monotherapy [26]. " e chemotherapy schedule mainly 
included % udarabine-based regimens. Immunochemother-
apy appeared to be signi! cantly superior to chemotherapy, 
with an ORR of 83% vs. 55%, a 3-year failure-free survival 
(FFS) rate of 100% vs. 45% and a 3-year OS rate of 100% vs. 
55%, respectively. However, there were no signi! cant di$ er-
ences when rituximab was given alone or in combination 
with chemotherapy. In a prospective phase II study ritux-
imab was combined with % udarabine in 26 patients with 
MZL, including four with SMZL [39]. " e overall response 
rate was 85% with 54% CRs. PFS at 3.1 years was 79.5%. 
However, only 58% of patients completed the planned treat-
ment, due to signi! cant toxicity. " erefore this combination 
was considered too toxic and, according to the authors, 
prohibitive for this patient population. Cervetti  et   al . retro-
spectively evaluated the e#  cacy of the addition of rituximab 
to 2-CdA in 50 patients with SMZL [41]. 2-CdA was given 
alone in 18 patients at a dose of 5 mg/m 2  once weekly for 
6 weeks, while in 32 patients 2-CdA was combined with ritux-
imab either initially (15 cases) or subsequently as consolida-
tion (17 cases). Independent of schedule, the administration 

  Table IV. Outcome of rituximab monotherapy in patients with SMZL: 
review of the literature.  

Author
No. of 

patients
ORR, 

%
CR, 
%

PFS, % 
(at  n  years)

OS, % 
(at  n  years)

Bennett, 2005 [34] 11 91 NR 80 (6) 60 (4)
Tsimberidou, 2006 [26] 25 88 31 86 (3) 95 (3)
Kalpadakis, 2008 [36] 16 100 69 92 (2.4) 100 (2.1)
Else, 2012 [28] 10 100 90 89 (3) 98 (3)
Kalpadakis, 2013 [27] 58 95 45 73 (5) 92 (5)

    SMZL, splenic marginal zone lymphoma; ORR, overall response rate; CR, 
complete response; PFS, progression-free survival; OS, overall survival; NR, not 
reported.   
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  Table V. Outcome of immunochemotherapy in patients with SMZL: review of the literature.  

Author Regimen No. of patients ORR, % CR, % PFS, % (at  n  years) OS, % (at  n  years)

Arcaini, 2004 [38] RCVP 3 100 100 100 100
Tsimberidou, 2006 [25] R-chemo * 6 83 17 100 (3) 100 (3)
Brown, 2007 [39] RF 26 (4) 85 54 79.5 (3.1) NR
Cervetti, 2010 [40,41] R-2-CdA 32 87 62 80 (5) 89 (6)
Else, 2012 [27] R-chemo 33 100 79 71 (3) 98 (3)

    SMZL, splenic marginal zone lymphoma; RCVP, rituximab, cyclophosphamide, vincristine, prednisone; RF, rituximab, 
! udarabine (six cycles of ! udarabine 25 mg/m 2  on days 1 – 5 with rituximab 375 mg/m 2  on day 1 of a 28-day cycle); R-2-
CdA, rituximab, 2-chlorodeoxyadenosine (cladribine was administered at a dose of 5 mg/m 2 /week iv for a total of six cycles, 
rituximab was administered either after chemotherapy for four doses or concomitantly with cladribine for a total of six cycles); 
ORR, overall response rate; CR, complete response; PFS, progression-free survival; OS, overall survival; NR, not reported.  
   * Mainly ! udarabine-based regimens.   

  Figure 1.     PFS in rituximab-treated patients according to maintenance.  

26% an uncon! rmed CR (CRu) due to lack of bone marrow 
reevaluation and 24% a partial response (PR). In addition 
9/13 complete responders achieved a molecular remission, 
as well. " e median time to normalization of blood counts 
was 2 weeks (range, 1 – 8 weeks). " e 5-year OS and PFS for all 
rituximab-treated patients were 92% and 73%, respectively. 
In another recent study by Else  et   al . in a series of 43 patients 
who received rituximab either alone ( n     !    10) or in combi-
nation with chemotherapy ( n     !    33), excellent results were 
also obtained [28]. All patients responded and 79% of them 
achieved a CR. " e 3-year disease-free survival (DFS) and OS 
were 79% and 98%, respectively. 

 Our group was the ! rst to publish on the role of main-
tenance treatment with rituximab in patients with SMZL. 
Evaluation of response 2 months after the completion of 
maintenance therapy was performed in 43 patients: 27 
sustained their initial response (CR,  n     !    22; CRu,  n     !    3; 
PR,  n     !    2), whereas 15 improved the quality of response 
by entering a CR after the end of the maintenance phase. 
Among the 55 rituximab-responders, eight (15%) relapsed 
after a median time period of 36.5 months (range, 22 – 48). 
Interestingly, relapses occurred more frequently and more 
rapidly in patients who did not receive maintenance com-
pared to those who did, with 5-year PFS rates of 84% and 36% 
( p     "    0.0001), respectively (Figure 1). Moreover, in accordance 
with Bennett  et   al ., rituximab retained its e#  cacy in relaps-

ing patients, since retreatment with rituximab resulted in an 
ORR of 67%, further indicating that it can be used safely in 
this setting [27,34].   

 Combination of rituximab with chemotherapy 
 In an e$ ort to further improve the outcome, rituximab has 
been combined with chemotherapy in a limited number of 
patients with SMZL [26,28,39 – 41]. Table V summarizes pub-
lished data on the outcome of rituximab (R)-chemotherapy. 
" e ORR ranges between 80 and 100%, with more than half 
of the patients achieving a CR with long duration. In the ret-
rospective study by the M. D. Anderson Cancer Center, six 
of 43 patients with SMZL were treated with chemotherapy 
plus rituximab and were compared with 11 patients treated 
with chemotherapy only and 25 patients treated with ritux-
imab monotherapy [26]. " e chemotherapy schedule mainly 
included % udarabine-based regimens. Immunochemother-
apy appeared to be signi! cantly superior to chemotherapy, 
with an ORR of 83% vs. 55%, a 3-year failure-free survival 
(FFS) rate of 100% vs. 45% and a 3-year OS rate of 100% vs. 
55%, respectively. However, there were no signi! cant di$ er-
ences when rituximab was given alone or in combination 
with chemotherapy. In a prospective phase II study ritux-
imab was combined with % udarabine in 26 patients with 
MZL, including four with SMZL [39]. " e overall response 
rate was 85% with 54% CRs. PFS at 3.1 years was 79.5%. 
However, only 58% of patients completed the planned treat-
ment, due to signi! cant toxicity. " erefore this combination 
was considered too toxic and, according to the authors, 
prohibitive for this patient population. Cervetti  et   al . retro-
spectively evaluated the e#  cacy of the addition of rituximab 
to 2-CdA in 50 patients with SMZL [41]. 2-CdA was given 
alone in 18 patients at a dose of 5 mg/m 2  once weekly for 
6 weeks, while in 32 patients 2-CdA was combined with ritux-
imab either initially (15 cases) or subsequently as consolida-
tion (17 cases). Independent of schedule, the administration 

  Table IV. Outcome of rituximab monotherapy in patients with SMZL: 
review of the literature.  

Author
No. of 

patients
ORR, 

%
CR, 
%

PFS, % 
(at  n  years)

OS, % 
(at  n  years)

Bennett, 2005 [34] 11 91 NR 80 (6) 60 (4)
Tsimberidou, 2006 [26] 25 88 31 86 (3) 95 (3)
Kalpadakis, 2008 [36] 16 100 69 92 (2.4) 100 (2.1)
Else, 2012 [28] 10 100 90 89 (3) 98 (3)
Kalpadakis, 2013 [27] 58 95 45 73 (5) 92 (5)

    SMZL, splenic marginal zone lymphoma; ORR, overall response rate; CR, 
complete response; PFS, progression-free survival; OS, overall survival; NR, not 
reported.   
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CR = 31 (64%)

PR = 10 (20%)

6-year PFS 54%

Grade >3 neutropenia 26%

Grade >3 infections 8%

2 deaths as a result of infection

R-COMP05

Iannitto et al, Leuk Lymphoma 2015



BR as 1st line tp in SMZL: BRISMA

Iannitto E et al. BJH 2018

•56 pts, SMZL, symptomatic, diagnosis prospectively confirmed

Study
flow-chart

response-
adapted PFS OS

•35% high risk HPLL
•ORR 91%
•CR 73%
•Gr≥3 toxicity 68% 
(neutropenia 43%; 
infections 3.6%, FN 5.3%)

3-y OS
96% 

3-y PFS
90% 

3-y DoR 93% 

3-y EFS:  80% *Median follow-up:     
32 months (2 - 52)

36



BRISMA: 1st MRD analysis in SMZL

Ferrero S et al, ICML 2019

•42/53 pts (79%): MRD marker (IgH) with ddPCR → good feasibility

MRD 
neg rate Overall BM PB

Interim 47% 41% 58%

EOT 54% 43% 82%

1 year 61% 64% 66%



EXTRANODAL MARGINAL ZONE 
LYMPHOMA OF MALT



IELSG-19 randomized study in MALT MZL

Zucca E et al, JCO 2017

•401 pts: Chlorambucil (Arm A) vs R-Chlorambucil (B) vs Rituximab (C)

EFS EFS

OS PFS

R-Chl: better PFS 
(72% at 5y)

Gastric MZL: 
more indolent?



BR as 1st-line therapy in MALT MZL 

Salar A et al, Blood 2017

•GELTAMO phase 2 study (MALT-2008-01)
•R-Bendamustine as 1st-line response-adapted therapy (4 to 6 cycles)

7y EFS: 87.7% (95% CI, 76.0-94.0)

7-y OS:  96.5% 7-y PFS:  92.8% 

•No differences between gastric and non-gastric MALT MZL

EFS

EFS



Toxicity beyond the first 2 years of follow-up

§ 3 opportunistic infections:

•1 herpes zoster

•1 citomegalovirus

•1 lung infection by Nocardia

§ No myelodysplastic syndrome or acute leukemia

§ 3 neoplasia:

•1 epidermoid carcinoma of the tongue

•1 GIST

•1 granular lymphoproliferative disorder of NK-cells

§ 3 non-melanoma skin cancers



R-bendamustine in MZL

• 65 MZL ts (28 EMZL, 23 SMZL, 14 nodal NMZL) 

• 38 CR (58.5%)

• ORR 89.2%

• With a median f-up time of 44.6 mo estimated

6-year PFS 71.8%

• All toxicities quickly resolved and no 

treatment-related death occurred.
Morigi et al, Hematol Oncol 2020



Morigi et al, Hematol Oncol 2020



Biological rationale for 
innovative approach in MZL



• NOTCH2 signals

• NF-kB signals

• Migration to and retention in MZNaive B cell Transitional B cell

MZ B cell

GC B cell

Pathways in the SMZL and NMZL signatures

Pillai et al. Nat Rev Immunol 2009

Trøen G, et al. J Mol Diag 2004
Ruiz-Ballesteros E, et al.  Blood 2005



Introduction
In the World Health Organization classification, there are three 
different marginal zone lymphoma (MZL) entities with specific 
diagnostic criteria, behavior, and therapeutic implications: the 
extranodal MZL of mucosa-associated lymphoid tissue (MALT) 
type (MALT lymphoma), the splenic MZL (SMZL), and the 
nodal MZL (NMZL)1. MALT lymphoma is the commonest MZL 
type, accounting for 5 to 8% of all B-cell lymphomas2,3. Their  
differential diagnosis is not straightforward in the non-rare cases 
presenting with disseminated disease involving lymph nodes, 
spleen, peripheral blood, bone marrow, or other extranodal sites. 
A better understanding of the molecular events underlying each  
subtype may have practical relevance.

MZLs are believed to derive from B cells of the “marginal  
zone”, the external part of the secondary lymphoid follicles. 
The marginal zone is more evident in the lymphatic tissues  
continuously exposed to external antigens, such as the mesenteric  
lymph nodes, the MALT, and the spleen. Marginal zone B cells 
act as innate-like lymphocytes able to mount rapid antibody  
responses to both T cell–dependent and T cell–independent  
antigens, mostly the latter4.

The three MZLs clearly share common lesions and deregulated 
pathways, but they also present specific alterations that can be 
used for their differential diagnosis5–24 (Figure 1). Trisomies 
of chromosomes 3 and 18 and deletions at 6q23 are frequent  
events in all MZLs, as well as somatic mutations of genes  
coding for proteins involved in chromatin remodeling5–7,25–28. The  
activation of the nuclear factor kappa B (NF-KB) pathway is  
also common to all three entities, generally via somatic mutations 
or deletions (or both) of TNFAIP3 (A20) at 6q235–7,25–27,29–33.  
Mutations affecting the NOTCH pathway and the transcrip-
tion factor KLF2 are present in both SMZL and NMZL6,7.  
Whereas SMZL is specifically characterized by deletions of  

chromosome 7q, NMZL shows inactivation of PTPRD and 
a much higher prevalence of mutations affecting KMT2D 
(MLL2)6,7,32,33. Unlike the vast majority of other B-cell lym-
phomas, SMZL and NMZL do not present specific recurrent  
chromosomal translocations, while these are detected in MALT 
lymphomas, in which at least three of them activate the NF-KB 
pathway8–14,16,34,35 (Figure 1).

We will now highlight the most recent and main advances in our 
understanding of the genetics and biology of MZLs.

NF-KB signaling
Active NF-KB signaling is necessary for the generation and  
maintenance of normal marginal zone B cells and this requires 
weak B-cell receptor (BCR) signaling (for example, started by 
auto-antigens and leading to canonical NF-KB pathway activa-
tion) or CD40 signaling, activating the non-canonical NF-KB  
pathway36,37. Following BCR engagement, Src family kinases 
phosphorylate the cytoplasmic ITAM portions of CD79A and  
CD79B38–45. The latter bind the tyrosine kinase SYK and start a 
signaling cascade that, via the Bruton’s tyrosine kinase (BTK), 
results in phosphorylation and activation of CARD11. CARD11,  
BCL10, and MALT1 form the CBM signaling complex linking  
BCR signaling to the canonical NF-KB pathway. Upon  
phosphorylation, CARD11 acquires an open conformation, 
allowing the recruitment of CARD11 to MALT1 and BCL10 
into the CBM complex and activate the IKBKB kinase. IKBKB  
phosphorylates the IKBA inhibitor molecule, causing its pro-
teasome-mediated degradation. Finally, the NF-KB com-
plexes (mainly p50/RelA and p50/c-Rel dimers) can enter the 
nucleus and act as transcriptional factors. TNFAIP3 negatively 
regulates the whole pathway, adding and subtracting ubiq-
uitin moieties to different NF-KB signaling pathways. Bind-
ing of CD40 activates the non-canonical NF-KB pathway.  
Following disruption of a negative regulatory complex comprising  

Figure 1. Summary of the main genetic and biologic features characterizing marginal zone lymphomas. ^Depending on the anatomical 
site. BCR, B-cell receptor; IGHV, immunoglobulin heavy variable; MALT, mucosa-associated lymphoid tissue; NF-KB, nuclear factor kappa B; 
NMZL, nodal marginal zone lymphoma; SMZL, splenic marginal zone lymphoma; TLR, Toll-like receptor.
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Molecular pathogenesis of MZL

Bertoni et al F1000 Research 2018



GA101  glycoengineered, type II anti-CD20 
monoclonal antibody (obinutuzumab)

Recognises a type II epitope
– Favour different CD20
conformations that are
associated with different
protein complexes and
different mechanisms of
action
– Fc region of GA101 is
glycoengineered to confer
improved antibody-
dependent cell-mediated
cytotoxicity Mössner et al Blood 2010

Niederfellner et al Blood 2011
Alduaij et al Blood 2011

Heavy chainCD20 peptide

Glycoengineering

Light chain



GADOLIN: PFS by subgroup

Subgroup
Total 

n
G-B  (n=194) B (n=202) Hazard ratio 

(95%CI)n Events n Events
Follicular lymphoma
Yes
No

321
75

155
39

54
17

166
36

90
14

0.49 (0.35–0.68)
0.94 (0.46–1.90)

No. of prior therapies
≤2
>2

312
84

154
40

51
20

158
44

83
21

0.49 (0.34–0.69)
0.80 (0.43–1.48)

Refractory type
Rituximab + chemotherapy
Rituximab monotherapy

313
83

156
38

57
14

157
45

82
22

0.55 (0.39–0.77)
0.55 (0.28–1.08)

Sex
Male
Female

228
168

110
84

41
30

118
84

57
47

0.58 (0.39–0.87)
0.52 (0.33–0.83)

Bulky disease at BL
Yes (>6 cm)
No (≤6 cm)

136
257

66
128

27
44

70
129

37
67

0.63 (0.38–1.04)
0.51 (0.35–0.75)

B symptoms at BL
Yes
No

58
335

30
163

12
59

28
172

16
87

0.57 (0.27–1.22)
0.55 (0.40–0.77)

Double refractory status
Yes
No

311
85

147
47

55
16

164
38

87
17

0.56 (0.40–0.78)
0.55 (0.28–1.10)

0.05 0.1 0.2 0.5 1 2 5 10 20

Favors
G-B

Favors 
B

Hazard ratio (95%CI)



GALLIUM study design (MZL)
International study with open-label, randomised design

INDUCTION MAINTENANCE

*CHOP q3w × 6 cycles, CVP q3w × 8 cycles, bendamustine q4w × 6 cycles
†Pts with stable disease (SD) at EOI entered observation for up to 2 years or until progressive disease (PD) if earlier
CR, complete response; IPI, International Prognostic Index; ORR, overall response rate; PR, partial response; TTNT, time to next treatment

Previously untreated 
CD20-positive MZL

Aged ≥18 years
Splenic, nodal or
extranodal MZL

Stage III/IV or stage II bulky 
disease (≥7cm) requiring 

treatment
ECOG PS 0–2

G-chemo arm
G 1000mg IV 

on D1, D8, D15 of C1 and 
D1 of C2–8 (q3w) or 

C2–6 (q4w) + chemo*

R-chemo arm
R 375mg/m2 IV on D1

of C1–8 (q3w) or C1–6 (q4w) + chemo*

Ra
n
d.

G arm
G 1000mg IV

q2mo for 2 years or until PD

R arm
R 375mg/m2 IV

q2mo for 2 years or until PD

CR
 o

r P
R†

at
 E

O
I v

isi
t

Stratified by chemotherapy, IPI 
and geographic region

PD: discontinue treatment

Exploratory endpoints
• PFS (INV-assessed)
• PFS (IRC-assessed)

• OS
• TTNT

• ORR/CR at EOI (+/– FDG-PET)
• Safety

Chemotherapy was selected by investigator for 
each patient, individually



Other time-to-event endpoints*

HR (95% CI), p-
value†

0.83 (0.46, 1.51),
p=0.55

HR (95% CI), p-
value†

0.90 (0.45, 1.81),
p=0.78

HR (95% CI), p-
value†

0.85 (0.48, 1.50),
p=0.57

IRC-assessed PFS OS TTNT

No. of patients at risk
R-chemo

G-chemo

Time (months)

96

99

85

89

80

80

76

77

68

68

56

52

35

36

21

19
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Censored+
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0.8

0.6
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0.0
0 6 12 18 24 30 36 42 48 54 60

*ITT population 
†Stratified analysis; stratification factors: IPI and chemotherapy regimen



Total Infections

G-B
N=74

10
(14%)

5
(7%)

R-B
N=63

6
(10%)

3
(5%)

G-CHOP
N=14

2
(14%)

1
(7%)

R-CHOP
N=18

1
(6%) 0

G-CVP
N=12 0 0

R-CVP
N=12 0 0

Grade 5 (fatal) AEs*

Note: no patient had PD or had started new anti-lymphoma treatment at the time of the grade 5 AE
*Safety population (all randomised pts who received at least one dose of study drug; note: 3 pts randomised to R-chemo received G [n=2] or no antibody [n=1])  

Number of days from Cycle 1, Day 1
0 100 200 300 400 500 600 700 800 900 1000 1100 1200 1300

l Infections and infestations
l General disorders and administration site conditions
l Cardiac disorders

l Blood and lymphatic system disorders
l Neoplasms benign, malignant and unspecified
l Respiratory, thoracic and mediastinal disorders



Bortezomib



Conconi et al Ann Oncol 2010

IELSG-25 and Austrian phase II trials of bortezomib for MALT Lymphoma

• 1.3 mg/m2 days 1, 4, 8, 11 q21 

• 21 pts with R/R MALT lymphoma, 

• 52% stage IV

• 52% primary gastric 

• Median follow up 17 mos

• CR 27%, PR 37%

• Toxicity similar to that observed in 
multiple myeloma and other  NHL 
(peripheral neuropathy and fatigue) 

• 3 deaths, non-related to treatment, 
observed during the early follow up. 

NFkB - targeted therapies

• 1.5 mg/m2 days 1,4,8,11 q21 

• 16 pts  front-line, 4 primary 
gastric 

• median follow up 23 mos

• ORR 80%, CR 43%

• Fifteen patients required dose 
reductions due to either 
neuropathy (7 patients) or 
diarrhea (8 patients). 

Trosch et al Haematologica 2010
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Conconi et al Ann Oncol 2011

Median PFS: 25 months (range, 1–47 months)

Phase II study of bortezomib in 
relapsed/refractory MALT lymphomas



PI3K inhibitors



Gopal et al NEJM 2014

Heavily 
pretreateda

iNHL patients
(N=125)

FL patients 
(n=72)

Idelalisib (150 mg BID)
until disease progression or unacceptable toxicity

Long-term follow-up
until progression

Study 101-09: single-group 
open-label Phase II study

Refractory was defined as less than 
partial response or progression of 

disease within 
6 months after completion of a 

prior therapy

Key endpoints
Primary: ORR

Secondary: DoR, PFS, OS and safety

48 weeks



LDH: lactate dehydrogenase

Clinical features

Baseline characteristics Patients 
(N=125)

Median age (range), y 64 (33–87)
Subtype of iNHL, n (%)

Follicular lymphoma
Small lymphocytic lymphoma 28 (22)
Marginal zone lymphoma 15 (12)
Lymphoplasmacytic lymphoma with/without Waldenström’s 
macroglobulinaemia 10 (8)

Disease status, n (%)
Stage III or IV 111 (89)
Elevated LDH 38 (30)
Bulky disease (≥7 cm in one dimension) 33 (26)

Gopal et al NEJM 2014



a Refractoriness to two cycles required to meet definition but one
patient received only one cycle, with no response after that cycle.
CHOP: cyclophosphamide, vincristine, doxorubicin and prednisone; 
CVP: cyclophosphamide, vincristine and prednisone; R: rituximab

Clinical features

Prior therapy exposure1,2 Patients 
(N=125)

Median (range) prior regimens, n 4 (2–12)

Prior therapy, n (%)

Rituximab 125 (100)

Alkylating agent 125 (100)

R + alkylating agent 114 (91)

Bendamustine 81 (65)

Anthracycline 79 (63)

Purine analogue 42 (34)

Stem cell transplantation 14 (11)

Median time from last regimen to 
study entry, months 3.9

Prior therapy refractoriness, 
n/n (%)1,2

Patients
(N=125)

Rituximab 125/125 (100)

Alkylating agent 124/125 (99)a

R + alkylating agent 108/114 (95)

R-CVP 29/36 (81)

R-bendamustine 47/60 (78)

Bendamustine 61/81 (75)

R-CHOP 40/56 (71)

Refractory to ≥2 regimens 99/125 (79)

Refractory to last regimen 112/125 (90)

Gopal et al NEJM 2014



Response
June 2013

Complete Response Stable Disease Progressive Disease Not evaluablePartial Response Minor Response

June 2014

n=2

47%
n=59

33%
n=41

57%

Overall
Response
n=71/125

(95% CI:
47.6–65.6)

50%
n=63

34%
n=42

10%
n=12

6%
n=7

1%
n=1*

2%
n=2
2%

8%
n=10

1%
n=1*

58%

Overall
Response
n=72/125

(95% CI:
48.4–66.4)

8%
n=10

0% 20% 40% 60% 80% 100%

FL
n=72 56% (43–67)

ORR, % (95% CI)

14%
n=10

42%
n=30

32%
n=23

8%
n=11

SLL
n=28

MZL
n=15

LPL/WM
n=10

61% (41–79)

47% (21–73)

80% (44–98)

57%
n=16

40%
n=6

70%
n=7

10%
n=1

36%
n=10

47%
n=7

10%
n=1

10%
n=1

4%
n=1

1%
n=1

4%
n=1

7%
n=1

7%
n=1

Complete
Response

Stable
Disease

Progressive
Disease

Not
evaluable

Partial
Response

Minor
Response

Overall Response Rate By Disease Subgroups: 2014

Gopal et al NEJM 2014
Gopal et al ASH 2014



Dotted line: null hypothesis response rate of <20%

ORR across double-refractory 
iNHL subgroups

ORR  (95% CI)
Overall (N=125) 0.57 (0.48, 0.66)

FL (N=72) 0.54 (0.42, 0.66)
SLL (N=28) 0.61 (0.41, 0.79)

MZL (N=15) 0.47 (0.21, 0.73)
LPL/WM (N=10) 0.80 (0.44, 0.98)

Bulky disease: No (LD <7 cm) (N=92) 0.57 (0.46, 0.67)
Yes (LD ≥7 cm) (N=33) 0.58 (0.39, 0.75)

Number of prior therapies: <4 (N=52) 0.50 (0.36, 0.64)
≥4 (N=73) 0.62 (0.50, 0.73)

Prior bendamustine: No (N=44) 0.57 (0.41, 0.72)
Yes (N=81) 0.57 (0.45, 0.68)

Refractory to bendamustine: No (N=20) 0.50 (0.27, 0.73)
Yes (N=61) 0.59 (0.46, 0.71)

Refractory to last therapy: No (N=13) 0.69 (0.39, 0.91)
Yes (N=112) 0.55 (0.46, 0.65)

ORR
0.0 0.2 0.4 0.6 0.8 1.0



Idelalisib in double-refractory iNHL

Gopal et al NEJM 2014
Gopal et al ASH 2014

MZL (n=15)

0% 20% 40% 60% 80% 100%

FL
n=72 56% (43–67)

ORR, % (95% CI)

14%
n=10

42%
n=30

32%
n=23

8%
n=11

SLL
n=28

MZL
n=15

LPL/WM
n=10

61% (41–79)

47% (21–73)

80% (44–98)

57%
n=16

40%
n=6

70%
n=7

10%
n=1

36%
n=10

47%
n=7

10%
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4%
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Stable
Disease

Progressive
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DOR by histotype

ORR 47%



Duvelisib in double refractory MZL

M arginal Zone B-Cell Lymphoma

18 13 10 10 10 8 7 6 4 4 3 3 2 2 0Subjects at risk
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15.5 (3.6, 27.8)
Median (months) (95% CI)

N=18
ORR per IRC, n (%)

ORR 7 (39)
CR 1
PR 6

95% CI (17, 64)
Time to response per IRC, months

Median (min, max) 3.7 (1.8, 8.4)
Duration of response per IRC, months

Median (50th percentile) NE (1.3, NE)

Toxicity, n (%)
All Gr. Gr>3

Diarrhea 9 (50) 3 (17)

Colitis 3 (17) 2 (11)

Neutropenia 6 (33) 5 (28)

Cough 6 (33) 0

•DYNAMO: Phase 2 study in iNHL

•Duvelisib dual PI3Ki (gd)

•18 MZL pts (9 MALT, 4 NMZL, 5 
SMZL) 

•2 median prior tp (1-8)

•Median exposure: 8.4 months

Jacobsen E et al, SOHO 2019 

PFS



Umbralisib phase 2 study in r/r MZL

Zinzani P et al, ICML 2019 

•Unity-NHL, MZL cohort
•Umbralisib: next gen PI3Kd inh, 800 mg QD
•72 pts, 2 median prior tp



Ibrutinib



Ibrutinib in r/r MZL, phase 2 study

Noy A et al, 
Blood  2017 

DoR

PFS

OS

62% at 18 month

Median 14 months

78% of pts: reduction in lymph nodes

•Median time to response: 4.5 mo

•63 pts (32 MALT, 14 SMZL, 17 NMZL), median 2 prior tp 560 mg QD

No new toxicity 
signals in MZL



Toxicity

• Rates of discontinuation and dose reductions due to 

AEs were 17% and 10%, respectively

• Median duration of exposure 11.6 mo

• At a median f-up of 19.4 mo for the all treated

population (n=63), 38% continue study treatment

Noy et al. Blood 2017



- Fatigue (44%)

- Diarrhea (43%)

- Anemia (35%)

- Nausea and thrombocytopenia (25%)

- Grade ≥3 AEs occurred in 40 pts (63%)

- AF occurred in 4 pts (6%; all grade 1/2)

- Any-grade bleeding events occurred in 57% of pts, with 

1 grade 3 event of hematemesis and 1 grade 5 cerebral

hemorrhage
Noy et al. Blood 2017

Toxicity



MALIBU study: Ibrutinib + R as 1st-line tp in MZL

MALT-MZL 120 pts

• MALT-IPI≥1
• need of therapy
• not eligible for  

local tp
• de novo or relapsed 

after local tp or 
antibiotics

NMZL 15 pts

SMZL 15 pts

Primary endpoints

• CR 12 months
• PFS 5 years

8 Rituximab    
(4 ev + 4 sc)

Ibrutinib
(560 mg QD)
up to 2 yrs



Lenalidomide



Lenalidomide + Rituximab as Initial Therapy in 
Indolent NHL (R2)

• Treatment

– Lenalidomide 20 mg/day on days 1-21

– Rituximab 375 mg/m2 on Day 1 of each 28-day cycle for 6 
cycles; up to 12 cycles if clinical benefit observed

– Restaging at 4, 6, 9, 12 mos

• Primary endpoint: ORR

• Secondary endpoints

– Rates of PR and CR, PFS, OS, safety, tolerability in 
previously untreated patients, effect on tumor and 
immune microenvironment

Fowler et al ASH 2012



R-Lenalidomide in MZL: 
Response Rates and PFS

n (%) SLL 
(N=30)

MZL
(N=27)*

FL
(N=46)*

ORR 24 (80) 24(89) 45(98)

CR/Cru 8(27) 18(67) 40(87)

PR 16(53) 6(22) 5(11)

SD 4(13) 3(11) 1(2)
PD 2(7) 0 0

*7 pts not evaluable for response:
• 5 due to adverse event in cycle 1
• 1  due to non-compliance
• 1 due to withdrawal of consent

MZL – Nodal and Extranodal

PFS
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N=27
36 mo PFS: 89%

Fowler et al Lancet Oncology 2014



Lenalidomide
20 mg/d*, d1-21/28

+
Rituximab

375 mg/m2 weekly 
cycle 1 (d1, 8, 15, 22), then 
d1 every other cycle (cycles 

3, 5, 7, 9, and 11)

R/R NHL
•FL grade 1-3b, tFL, MZL or 
MCL

•ECOG PS ≤2
•Stage I-IV disease

•≥1 prior therapy

Optional 
Lenalidomide 10 

mg/d,
d1-21/28

Arm B 
Rituximab

375 mg/m2 d1 every other cycle 
(cycles 13, 15, 17, 19, 21, 23, 25, 27, 

and 29)

Arm A 
Lenalidomide 

10 mg/d, d1-21/28
+

Rituximab
375 mg/m2 d1 every other cycle 

(cycles 13, 15, 17, 19, 21, 23, 25, 27, 
and 29)

Randomization
CR/CRu, PR, or SD

Stratified by

• Histology 
(FL:MZL:MCL)

• Lines of therapy 
(≤2:>2)

• Age (<65:≥65 
years)

RA
N

D
O

M
IZ

E 
 1

:1
Primary endpoint: PFS (maintenance; 2-sided test a=0.05 and HR=0.67)†

Secondary endpoints: OS, IOR, ORR, CR, DOR, DOCR, TTNLT, TTHT, safety†

Exploratory: subgroup analysis of efficacy and safety by histology and QOL

R2 Induction 
12 x 28-day cycles

Maintenance
18 x 28-day cycles up to PD

Phase III randomized, open-label, multicenter study of R2 induction 
therapy followed by R2 maintenance vs. rituximab (R) maintenance in 

patients with R/R NHL, including MZL - NHL-008 study (MAGNIFY)

Coleman et al ICML 2017



MAGNIFY: MZL Patients

• As of January 9, 2017, 234 patients with indolent NHL were enrolled and 
received treatment, including 38 (16%) patients with MZL

All iNHL Patients (N=234)

All MZL (n=38)

Splenic MZL
(n=10)

Nodal MZL
(n=18)

MALT 
(n=10)



Baseline Characteristics and Prior Treatment 

Characteristic, n (%)
All MZL 
(n=38)

Median age, years (range) 66 (58-72)

Age ≥65 years 20 (53)

Male 23 (61)
ECOG PS*                                

0 17 (48)

1 21 (52)

Disease stage*                       I 1 (3)

II 4 (11)

III 7 (18)

IV 26 (68)

Positive bone marrow 
involvement 21 (55)

Characteristic, n (%) All MZL
(n=38)

Median number of prior systemic anti-
cancer therapies 1 (1-5)

Number of prior systemic anti-cancer therapies

1 
2
3
≥4

22 (58)
7 (18) 
5 (13)
4 (11)

Prior rituximab-containing therapy 38 (100)

Rituximab-refractory 13 (34)

Most common prior treatment regimens

Rituximab
BR
R-CHOP-like

19 (50)
10 (26)
7 (18)

• 34% were refractory to rituximab (defined as SD/PD to or PR/CR lasting fewer than 6 months following 
the last rituximab dose)



MAGNIFY: Best Response During R2 treatment (32 pts)

Nodal MZL 
(n=14)

Splenic MZL
(n=8)

MALT
(n=10)

Evaluable MZL
(n=32) 

Best Response, n (%)

ORR (CR+CRu+PR) 8 (57) 5 (63) 8 (80) 21 (66)

[95% CI]* [29%-82%] [25%-92%] [44%-98%] [47%-81%]

CR/CRu 8 (57) 2 (25) 4 (40) 14 (44)

PR 0 3 (38) 4 (40) 7 (22)

SD 5 (36) 3 (38) 1 (10) 9 (28)

PD† 1 (7) 0 1 (10) 2 (6)

Median treatment duration, 
mo (range) 8.3 (1.3-20.4) 9.7 (0.2-25.8) 11.8 (3.5-25.8) 9.4 (0.2-25.8)

Median TTR, mo (range) 2.9 (2-11) 2.7 (2-11) 3.4 (3-11) 3.1 (2-11)

Median follow-up of 13.8 mo
Median treatment duration was 9.4 mo and median TTR was 3.1 mo
Median DOR has not been reached for any subgroup



Efficacy
Median f-up: 33 mo

29 (53%) pts remain progression-free 

No cases of high-grade transformation.

52 pts are alive ; no pt died of 

lymphoma 

3-year OS of 96% (95%CI=91-100%). 

Deaths: HCV-related cirrhosis, stroke, 

NSCLC.

3-yr PFS: 52% (95%CI=39-65%) 



Rituximab + Lenalidomide vs Rituximab + Placebo for R/R Indolent NHL (AUGMENT)

AUGMENT: Study Design

§ Multicenter, double-blind, placebo-controlled, randomized phase III trial

§ Primary endpoint: IRC-assessed PFS in ITT population

§ Secondary endpoints: ORR, OS, histologic transformation, safety
Leonard. ASH 2018. Abstr 445. Slide credit: clinicaloptions.com

Patients with R/R grade 1-3a FL or 
MZL requiring treatment with 
prior use of ≥ 1 chemotherapy, 

immunotherapy, or 
chemoimmunotherapy and not 

refractory to rituximab
(N = 358)

Rituximab + Placebo*
Rituximab 375 mg/m2 on Days 1, 8, 15, 22 of cycle 1; Day 1 of cycles 2-5

Placebo matched capsules for 12 cycles 
(n = 180)

Rituximab + Lenalidomide*
Rituximab 375 mg/m2 on Days 1, 8, 15, 22 of cycle 1; Day 1 of cycles 2-5

Lenalidomide 20 mg/day† on Days 1-21/28 for 12 cycles 
(n = 178)

*Anticoagulation or antiplatelet therapy recommended for patients at risk. Growth factor use in line with ASCO/ESMO guideline permitted. †10 mg if CrCl is 30-59 mL/min.

Stratification for prior rituximab (yes vs no); time since last 
therapy (≤ 2 yrs vs > 2 yrs); FL vs MZL

≤ 12 cycles or until 
relapse, progression, 

or intolerability;
5-yr follow-up for OS, 

SPMs, subsequent 
therapy, histologic 

transformation

Leonard et al ASH 2018



AUGMENT: IRC-Assessed PFS in ITT Population 
(Primary Endpoint)

§ Comparable results obtained by investigator assessment (HR: 0.51; P < .0001) 
Leonard. ASH 2018. Abstr 445. Slide credit: clinicaloptions.com
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Subgroup
Number of prior systemic antilymphoma regimens

1
> 1

Ann Arbor stage at enrollment 
1-2
3-4

Prior rituximab-containing chemotherapy regimen
Yes
No

Refractory to last prior regimen
Yes
No

High tumor burden (GELF)
Yes
No

Chemoresistant
Yes
No

Disease histology
FL
MZL

AUGMENT: IRC-Assessed PFS by Subgroup (ITT)

Leonard. ASH 2018. Abstr 445. Slide credit: clinicaloptions.com0 1 2 3
HR

R2, n/N

35/102
33/76

12/41
56/137

54/130
14/48

13/30
55/148

40/97
28/81

9/25
59/153

56/147
12/31

R-Placebo, n/N

58/97
57/83

26/56
89/124

85/129
30/51

22/26
93/154

61/86
54/94

21/26
94/154

99/148
16/32

HR (95% CI)

0.46 (0.31-0.71)
0.47 (0.31-0.73)

0.60 (0.30-1.20)
0.40 (0.28-0.56)

0.53 (0.37-0.74)
0.31 (0.16-0.59)

0.20 (0.09-0.44)
0.50 (0.36-0.70)

0.40 (0.27-0.61)
0.50 (0.32-0.79)

0.18 (0.07-0.45)
0.51 (0.37-0.71)

0.40 (0.29-0.56)
1.00 (0.47-2.13)

• Median IRC-assessed PFS (ITT): 39.4 vs 14.1 mo (P < .0001)
• PFS benefit observed across subgroups, except for MZL
• ORR median DoR improved with R2

• OS improved with R2 in FL
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Splenic and Nodal Marginal Zone Lymphomas Are
Indolent Disorders at High Hepatitis C Virus
Seroprevalence with Distinct Presenting Features but
Similar Morphologic and Phenotypic Profiles
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BACKGROUND. Splenic and nodal marginal zone lymphomas (MZL) are subtypes of
marginal zone-derived neoplasms. Due to their rarity, little is known concerning
their relation, pattern of dissemination, and treatment outcome.
METHODS. The authors analyzed the clinicopathologic features and outcome of 43
patients (34 patients with splenic MZL and 9 patients with nodal MZL). All lesional
tissues obtained at diagnosis were reviewed histologically.
RESULTS. Among the patients with splenic MZL, 30 patients had Stage IV disease
(based on the Ann Arbor staging system). Twenty-six patients presented with
splenomegaly with or without limited involvement of abdominal lymph nodes,
whereas 7 patients showed disease extension to superficial lymph nodes. Hepatitis
C virus (HCV) serology was positive in 35% of patients. Seventeen patients under-
went splenectomy, 8 patients received chemotherapy, and 7 patients were followed
without initial treatment. Interferon produced a lymphoma response in three of
four HCV positive patients. Of 27 treated patients, 13 patients achieved a complete
response, and 12 patients achieved a partial response. The median event-free
survival (EFS) was 3.3 years (5.1 years for patients with disease confined to the
abdomen and 2.1 years for patients with disease extension to superficial lymph
nodes). Among nine patients with nodal MZL, four patients had Stage IV disease.
HCV serology was positive in two patients. Five patients responded to chemother-
apy. The median EFS was 2.8 years. The median overall survival was not reached
for patients with both types of MZL.
CONCLUSIONS. The results of the current study demonstrated that splenic and
nodal MZL are indolent lymphomas with different presenting features but com-
mon morphologic and biologic characteristics, including high HCV seropreva-
lence. Studies will be required to identify specific biologic markers and to define
the best treatment. Cancer 2004;100:107–15. © 2003 American Cancer Society.

KEYWORDS: splenic marginal zone lymphoma, nodal marginal zone lymphoma,
low-grade non-Hodgkin lymphoma, marginal zone.

The World Health Organization (WHO) lymphoma classification1,2

identifies different subtypes of marginal zone (MZ)-derived neo-
plasms on the basis of the postulated primary anatomic site of dis-
ease: extranodal MZ B-cell lymphoma of the mucosa-associated lym-
phoid tissue (MALT) type, splenic MZ B-cell lymphoma (with or
without villous lymphocytes), and nodal MZ B-cell lymphoma (with
or without monocytoid B cells). Gastric3 and nongastric4 MALT lym-
phomas have been described extensively and well characterized both
clinically and histologically. In contrast, the nosologic definition, clin-
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CLINICAL OBSERVATIONS, INTERVENTIONS, AND THERAPEUTIC TRIALS

Brief report

Splenic lymphoma with villous lymphocytes, associated with type II
cryoglobulinemia and HCV infection: a new entity?
David Saadoun, Felipe Suarez, François Lefrere, Françoise Valensi, Xavier Mariette, Achille Aouba, Caroline Besson, Bruno Varet,
Xavier Troussard, Patrice Cacoub, and Oliver Hermine

Hepatitis C virus (HCV) has been associ-
ated with the development of B-cell non-
Hodgkin lymphomas. We recently reported
the regression of splenic lymphoma with
villous lymphocytes (SLVL) in patients
with HCV after antiviral treatment, demon-
strating a direct role of HCV in lym-
phomagenesis. This study expands our
previous results in 18 patients with
chronic HCV and SLVL. Mixed cryoglobu-
linemia (MC) was present in all cases and

was symptomatic in 13 (72%). All patients
were treated with interferon alone or in
association with ribavirin. Hematologic and
virologic responses were correlated. Four-
teen (78%) patients achieved a sustained
complete hematologic response after
clearance of HCV RNA. Two patients had
a virologic partial response and achieved
a complete hematologic response. Two
virologic nonresponders achieved partial
hematologic response. Regardless of the

response, monoclonal immunoglobulin
gene rearrangement persisted after treat-
ment. This study underscores the role of
HCV in the lymphomagenesis and the
benefit of antiviral treatment for patients
presenting with HCV-driven lymphoprolif-
erations. (Blood. 2005;105:74-76)

© 2005 by The American Society of Hematology

Introduction

Hepatitis C virus (HCV) is associated with a spectrum of extrahe-
patic manifestations, mainly mixed cryoglobulinemia (MC). MC-
producing B cells are mostly monoclonal and a significant propor-
tion of MCs can evolve into overt B-cell lymphoma. As such,
HCV-MC is considered as a low-grade B-cell lymphoproliferative
disorder. A link between HCV infection and B-cell non-Hodgkin
lymphoma (NHL) has been suggested by many epidemiologic
studies.1-3 In a meta-analysis, the prevalence of HCV infection in
patients with B-cell NHL was 15% compared to 1.5% in the
general population.4 Although most histologic subtypes of B-cell
lymphomas have been described in association with HCV,5 lym-
phoplasmacytic lymphomas, marginal zone lymphomas (MZLs),
and large B-cell lymphomas are more common in individuals
infected with HCV.3,6,7 These epidemiologic studies establish
the association between HCV infection and B-cell NHL but shed
no light on the pathogenic role of the virus in the development
of lymphomas.

Splenic lymphoma with villous lymphocytes (SLVL) is a
chronic B-cell lymphoproliferative disorder characterized by a
clonal expansion of atypical B lymphocytes with villous projec-
tions in peripheral blood. SLVL involves mainly the spleen and the
bone marrow. Villous lymphocytes have immunologic and pheno-
typical characters of marginal zone lymphocytes. SLVL is usually
treated by splenectomy or chemotherapy or both, with an overall
5-year survival rate of 80%.8

We recently reported the regression of SLVL in patients with
HCV after antiviral treatment,9 demonstrating a direct role of

HCV in lymphomagenesis. The present study expands our
previous results in a cohort of 18 patients with chronic HCV
and SLVL.

Study design

Between 1993 and 2003, investigators from several French centers reported
data on 18 patients with SLVL and HCV infection who were treated with
antiviral therapy. Clinical and biologic data and outcome were analyzed.
The diagnosis of SLVL was based on the presence of typical clinical,
hematologic, and immunologic findings as previously described.8,10 All
blood smears and immunophenotype findings were reviewed by 2 expert
cytologists (F.V. and X.T.). Patients positive for MC were defined as having
MC in their serum more than 0.05 g/L on at least 2 determinations.
Symptomatic MC was defined by serum MC associated with the triad of
purpura-arthralgia-asthenia and sometimes with renal or neurologic
involvement.11

Patients received 3 million IU recombinant interferon-!2b (IFN !-2b),
subcutaneously, 3 times a week for 6 months. In case of a partial response
(" 50%), treatment was continued until a complete clinical response was
achieved. In SLVL/HCV# patients, diagnosed after 1996, ribavirin (1000-
1200 mg/d) was added to IFN treatment.

Complete response was defined as disappearance of HCV RNA, the
resolution of splenomegaly, a platelet count more than 100 $ 109/L, an
absolute neutrophil count more than 1 $ 109/L, a hemoglobin level more
than 10 g/dL, and the absence of circulating blood villous lymphocytes.
Partial response was defined by a palpable but reduced spleen size by at
least 50%, associated with an improvement of the blood hematologic
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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

Meta-analysis HCV-Lymphoma 5

ORR 73%



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

• Cumulative 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 infection: 0.4%,1.5% 
and 2.6%

Antiviral therapy and risk of lymphoma

Kawamura et al AJM 2007



ORR 67%: 26 % CR, 41% PR - ORR in MZL 73%; no response in CLL

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 signi!cantly 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 !rst 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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Interferon-free antiviral treatment in B-cell lymphoproliferative
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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)
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Supplemental table 2 - Lymphoproliferative disease response to direct acting antivirals according to 
histological subtypes in 100 patients with B-cell lymphoproliferative disorders associated with 
hepatitis C virus infection. 
 

 CR (n) PR (n) SD (n) PD (n) 

All (n=100) 23 43 26 8 

Marginal zone lymphomas (n=71) 21 31 13 6 

    Splenic (n=35) 7 20 6 2 

    Nodal (n=3) 2 0 1 0 

    Extranodal (n=25) 9 8 4 4 

    Leukemic (n=8) 3 3 2 0 

Follicular lymphoma (n=6) 0 4 1 1 

Lymphoplasmacytic lymphoma (n=7) 0 5 1 1 

Low-grade B-cell NHL NOS (n=6) 2 3 1 0 

CLL/SLL (n=10) 0 0 10 0 

 
CR: complete response; PR: partial response; SD: stable disease; PD: progression; NHL: non-Hodgkin lymphoma; NOS: not otherwise 
specified; CLL: chronic lymphocytic leukemia; SLL: small lymphocytic lymphoma. 
 

100 pts treated with DAAs
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Table 1 - Features of the 66 and 100 patients treated with direct-acting antivirals and Interferon-
based antiviral regimens, respectively, as first line treatment for indolent B-cell non-Hodgkin 
lymphoma associated with HCV infection. 
 
 DAA  

(n=66) 
IFN  

(n=100) P 
Sex – n (%) 
      Male 
      Female 

 
29 (44) 
37 (56) 

 
41 (41) 
59 (59) 

0.642 
 

Age (years), median (range) 61 (40-83) 62 (24-77) 0.170 
Age < 60 / � 60 – yr (%) 31 (47) / 35 (53) 41 (41) / 59 (59) 0.523 
Diagnosis – n (%)  
      MZL 
      Non MZL 

53 (80) 
13 (20) 

60 (60) 
40 (40) 

0.007 
 

Stage – n (%) 
      Limited (I-II) 
      Advanced (III-IV) 

 
7 (11) 
59 (89) 

 
10 (10) 
90 (90) 

>0.900 
 

Nodal involvement – n (%)  36 (55) 55 (55) >0.900
Extranodal involvement* – n (%)  27 (41) 38 (38) 0.747
N° of involved extrnodal sites, n (%) 
      1 
      �2 

21 (78) 
6 (22) 

33 (87) 
5 (13) 

0.504 

ECOG performance status � 1 – n (%) 22 (34) 24 (24) 0.214
Hemoglobin <12 g/dl – n (%) 21/65 (32) 31/96 (32) >0.900
Platelets <100 x 109/L – n (%) 8/65 (12) 14/96 (15) 0.816
LDH > UNL – n (%) 10/58 (17) 17/96 (18) >0.900
ȕ2-microglobulin > UNL – n (%)  30/42 (71) 31/59 (52) 0.066
Serum monoclonal component – n (%) 

23 (35) 35 (35) >0.900 
Cryoglobulin – n (%) 27 (41) 34 (34) 0.412
Albumin less than 3.5 g/dl – n (%) 6/58 (10) 10/90 (11) >0.900
HCV genotype – n (%) 
      1 
      2 
      3-4 

 
38/65 (59) 
19/65 (29) 
8/65 (12) 

 
37 (39) 
52 (55) 
6 (6) 

0.005 
 
 

 
DAA: direct-acting antivirals; IFN: interferon; MZL: marginal zone lymphoma; ECOG: Eastern Cooperative Oncology Group; LDH: 
lactate dehydrogenase; UNL: upper normal limit; HCV: hepatitis C virus. 
*: bone marrow was not considered as extranodal site. 
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IFN vs DAAs
• Duration of therapy longer with IFN (median 28 w vs 12, p<0.001)
• SVR rate higher among pts treated with DAAs (98% vs 81%, 

p<0.001).
• In the IFN group, six pts discontinued treatment due to toxicity vs 0 

with DAA
• ORR was similar in the two groups
• 18 the pts treated with IFN obtained a higher rate of CR than pts 

treated with DAAs (48% vs 19 21%, p=0.001)

Frigeni et al  Leukemia 2019
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IFN vs DAAs

3-year PFS : 79% (64% – 88%) DAAs
74% (61% – 83%) IFN 
p=0.45 

3-year OS:   97% (82% – 100%) DAAs
96% (87% – 99%) IFN
p=0.94 

Under press, Leukemia

Duration of therapy longer with IFN (median: 28w vs 12, p<0.001) 
SVR rate higher among pts treated with DAAs (98% vs 81%, p<0.001). 
In the IFN group, six pts discontinued treatment due to toxicity vs 0 with DAA

ORR were similar 

Features of patients treated with direct-acting antivirals (n=66) and 
Interferon based antiviral (n=100) regimens, as first line treatment 

for indolent B-cell NHL associated with HCV infection
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In the IFN group, six pts discontinued treatment due to toxicity vs 0 with DAA
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Features of patients treated with direct-acting antivirals (n=66) and 
Interferon based antiviral (n=100) regimens, as first line treatment 

for indolent B-cell NHL associated with HCV infection
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Guidelines

“the panel recommends initial antiviral 
therapy in asymptomatic patients with low-
grade HCV-positive indolent B-cell NHL”2018
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extrahepatic disorders. A multidisciplinary expert statement!
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Hepatitis C virus (HCV) is both hepatotrophic and lymphotropic virus that causes liver as well extrahepaticman-
ifestations including cryoglobulinemic vasculitis, the most frequent and studied condition, lymphoma, and neu-
rologic, cardiovascular, endocrine-metabolic or renal diseases.
HCV-extrahepatic manifestations (HCV-EHMs) may severely affect the overall prognosis, while viral eradication
signi!cantly reduces non-liver related deaths.
Different clinical manifestations may coexist in the same patient. Due to the variety of HCV clinical manifesta-
tions, amultidisciplinary approach alongwith appropriate therapeutic strategies are required. In the era of inter-
feron-free anti-HCV treatments, international recommendations for the therapeutic management of HCV-EHMs
are needed. This implies the need to de!ne the best criteria to use antivirals and/or other therapeutic approaches.
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and SVR, after adjusting for other predictors, was per-
formed (P! =! 0.05) and supported the role of effect 
modification by regimen type rather than differences 
in sample size. To evaluate the possibility of effect 
modification by age in which SVR could exert a pro-
tective effect against hematologic malignancies only 
among young patients (and thus result in a greater 
impact in the younger IFN-treated cohort), stratifica-
tion by age groups was performed (Supporting Table 
S4). Even when limiting our analyses to patients!<65 
or! <60! years old, there was no association between 
DAA-induced SVR and hematologic malignancies, 
while the association between IFN-induced SVR and 
reduced risk of hematologic malignancies persisted 
unchanged.

We selected 20 confounding variables a priori as 
those potentially associated with both SVR and hema-
tological malignancy. To ensure that simultaneously 
adjusting for a large number of variables did not result 
in overfitting, we conducted secondary analyses that 
modeled different levels of adjustment. These included 
unadjusted; adjusted for the most important predictors 
of SVR, including cirrhosis, decompensated cirrhosis, 
HCV genotype, and diabetes; adjusted for the most 
important predictors of SVR and critical demograph-
ics comprising cirrhosis, decompensated cirrhosis, 
HCV genotype, diabetes, age, sex, race/ethnicity, and 
BMI; and adjusted for all 20 potential confounders 
selected a priori. AHRs were consistent across the dif-
ferent levels of adjustment (Supporting Table S5).

FIG. 1. Cumulative incidence curves comparing patients who achieved SVR versus those who did not after treatment with IFN (panels 
A and B) or DAAs (panels C and D). Patients with IFN-induced SVR have lower cumulative incidence of hematologic malignancies or 
MGUS compared to patients who did not achieve SVR (A). Furthermore, the difference between the “SVR” and “No SVR” cumulative 
incidence curves in panel A continues to expand as more time accrues after treatment up to 10 years. In contrast, patients with DAA-
induced SVR have almost identical cumulative incidence of hematologic malignancies as the patients who did not achieve SVR (C). 
Although follow-up only extends for 3 years from the time point 6 months after DAA treatment initiation, the equivalent curves appear 
to separate by 3 years after IFN treatment in panel A. As expected, there is no difference between patients with and without SVR 
following either IFN or DAA in the cumulative incidence of the “negative control” malignancies of colon and prostate cancer – which 
have no putative relationship with HCV or IFN (B and D). [Corrections added 13 June 2019. In the original publication the captions 
for Figure 1 panels A through D were omitted.]
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