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10.1           Introduction 

    Primary mediastinal large B-cell lymphoma 
(PMBCL) was fi rst described in the 1980s 
(Lichtenstein et al.  1980 ; Levitt et al.  1982 ). It is 
a relatively uncommon clinicopathologic entity 
specifi cally recognised in the WHO classifi cation 
of lymphoid malignancies (Harris et al.  1994 ; 
Harris et al.  1999 ). This malignancy is character-
ised by aggressive and locally invasive behaviour. 
Although in some respects it resembles nodal 
diffuse large B-cell lymphoma (DLBCL), it has 
distinct epidemiologic, morphologic, immuno-
phenotypic, and clinical features. This lymphoma 
is a DLBCL that arises in the thymus from a puta-
tive thymic peripheral B cell.  

10.2     Epidemiology 

 Primary mediastinal large B-cell lymphoma con-
stitutes 2–4 % of non-Hodgkin lymphoma (NHL) 
and 6–10 % of diffuse large B-cell lymphomas 
(DLBCL) (Levitt et al.  1982 ; Harris et al.  1994 ). 
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It is found worldwide (Cazals-Hatem et al.  1996 ; 
Armitage and Weisenburger  1998 ). It is more 
common in young adults (median age 35–40 
years) with a female predominance and origi-
nates in the mediastinum, where it frequently 
presents with features of local invasion. No par-
ticular genetic or environmental risk factors have 
been clearly identifi ed.  

10.3     Pathology and Biology 

    The diagnosis of PMBCL is based on the integra-
tion of morphologic, immunophenotypic, genetic, 
and clinical data, according to the WHO clas-
sifi cation, with the differential diagnosis mainly 
includes classical Hodgkin lymphoma (cHL), 
mediastinal grey zone lymphoma (MGZL), and 
other DLBCL subtypes, from which it cannot be 
reliably distinguished in some cases. 

10.3.1     Cell of Origin 

 It is postulated that PMBCL derives from the 
small subset of thymic B cells with asteroid shape 
located around the Hassall’s corpuscles in the 
medullary thymus which share with PMBCL a 
CD10-,CD21-,CD23+-phenotype. The clinical 
presentation within the anterior mediastinum and 
the identifi cation of normal thymic cells that 
express the MAL protein support this hypothesis 
(Copie-Bergman et al.  2002 ).  

10.3.2     Histopathology 

 Primary mediastinal large B-cell lymphoma has 
distinct morphological and phenotypic features. 
It is typically associated with  compartmentalising 
alveolar fi brosis in the vast majority of cases 
(Moller et al.  1986 ; Cazals-Hatem et al.  1996 ; 
Paulli et al.  1999 ); however, this can vary from 
case to case and from fi eld to fi eld within the same 
specimen. The fi brosis tends to surround groups 
of lymphomatous elements, producing compart-
mentalisation of the neoplastic growth. In cases 
when thick collagen bands enclose  clusters of 

neoplastic cells, the sclerosis is readily appreci-
ated on hematoxylin- and eosin-stained sections. 
Tumour cells are large and polymorphic with 
rather abundant clear cytoplasm, and nuclei may 
be lobulated with prominent eosinophilic nucle-
oli. Not infrequently, Reed-Sternberg-like cells 
may be seen. In such instances, careful immuno-
histochemical evaluation is warranted in order to 
exclude the diagnosis of cHL. In this regard, it 
should also be noted that “grey zone” borderline 
cases combining features of PMBCL and cHL or 
cases of composite PMBCL and cHL can rarely 
be encountered (Moller et al.  1986 ; Paulli et al. 
 1999 ; Barth et al.  2002 ; Traverse- Glehen et al. 
 2005 ).  

10.3.3     Immunophenotype 

 On immunophenotypic analysis, despite gener-
ally lacking surface and cytoplasmic immuno-
globulin (Ig), PMBCL expresses B-cell-related 
antigens such as CD19, CD20, CD22, CD79a (at 
times variable), and PAX5 as well as the leuko-
cyte common antigen (CD45) (Moller et al.  1986 ; 
Barth et al.  2002 ; Pileri et al.  2003 ; Loddenkemper 
et al.  2004 ). CD30 staining is observed in the 
vast majority of cases (~80 %), although it is 
weaker and less homogeneous than in cHL and 
anaplastic large-cell lymphoma (Pileri et al. 
 2003 ). CD15 is occasionally present. Tumour 
cells are more frequently positive for IRF4 
(75 %), BCL2 (55–80 %), and CD23 (70 %), 
whilst BCL6 expression is variable (45–100 %) 
and CD10 is more often negative (8–32 %) 
(de Leval et al.  2001 ; Pileri et al.  2003 ). Tumour 
cells are often MAL positive, as a consequence 
of MAL gene overexpression (Copie-Bergman 
et al.  1999 ). The latter is located on the long arm 
of chromosome 2 and encodes a protein thought 
to play a role in membrane traffi cking and sig-
nalling (Millan and Alonso  1998 ), which might 
contribute to pathogenesis. Furthermore, 
PMBCL usually expresses BOB1, PU1, and 
OCT2, co-expresses TRAF1, and presents with 
nuclear REL (Copie-Bergman et al.  2002 ; Copie-
Bergman et al.  2003 ; Pileri et al.  2003 ; Rodig 
et al.  2007 ) (Fig.  10.1 ).
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10.3.4        Diagnostic Criteria 

 The main differential diagnoses are classical 
Hodgkin lymphoma and diffuse large B-cell 
lymphoma (Table  10.1 ). Classical Hodgkin lym-
phoma can be distinguished from PMBCL by 
histological features such as abundant infi ltration 
with granulocytes and small sized lymphocytes as 
well as histiocytes in the former. In addition, clas-
sical Hodgkin lymphoma expresses CD15 and less 
often a full set of B-cell markers. The B-cell tran-
scription factor PAX5 is only weakly expressed in 
Hodgkin lymphoma, in contrast to PMBCL. MAL 
has been reported to be specifi cally expressed in 
PMBCL but is rather a diffi cult marker to stain for 
in routine practice (Copie- Bergman et al.  2002 ). 
Some cases with either morphological features 

of PMBCL but immunophenotypical features of 
classical Hodgkin lymphoma or vice versa do not 
allow a fi nal diagnosis and are classifi ed as B-cell 
lymphoma, unclassifi able, with features interme-
diate between diffuse large B-cell lymphoma and 
classical Hodgkin lymphoma, or the so-called 
mediastinal grey zone lymphoma (Traverse-
Glehen et al.  2005 ). The differential diagnosis 
with diffuse large B-cell lymphoma, NOS is not 
always easy. The distinct morphological features 
of PMBCL, such as clear cell proliferation and 
sclerosis, may be diffi cult to evaluate on small 
biopsies, and there is a lack of well-defi ned diag-
nostic criteria that can be routinely applied. The 
expression of CD23 in PMBCL may be useful in 
that respect (Calaminici et al.  2004 ). Recently, it 
was also demonstrated that immunohistochemical 

CD30
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  Fig. 10.1    Primary mediastinal B-cell lymphoma: 
( a ) H&E staining, consists of the neoplastic large 
cells with clear cytoplasm, ( b ) fi brotic bands with 
 compartmentalising alveolar fi brosis, ( c ) tumour cells 
express CD30 on their membrane, ( d ) typically shows 
CD20-positive cells, ( e ) tumour cells also show strong 

cytoplasmic staining for MAL antigen, ( f ) tumour cells 
are frequently BCL6 and IRF4 positive, ( g ) surface and 
cytoplasmic staining for immunoglobulin are mostly 
 negative, and ( h ) the transcription factors OCT-2 and 
BOB-1 are usually expressed (Reprinted from Pileri et al. 
( 2003 ). With the permission)         
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   Table 10.1    Comparison of the pathological and immunophenotype features of primary mediastinal large B-cell 
 lymphoma (PMBCL), diffuse large B-cell lymphoma (DLBCL), nodular sclerosis classical Hodgkin lymphoma 
(NScHD), and mediastinal grey zone lymphoma (MGZL)   

 Features  PMBCL  DLBCL  NScHL  MGZL 

 Morphology  Sheets of large cells; 
clear cells ; no 
infl ammatory 

 Sheets of large 
cells with 
variable aspects 

 Lacunar Hodgkins 
Reed-Stenberg cells 
Infl ammatory 
polymorphous infi ltrate 

 Sheets of pleomorphic 
large cells; Lacunar 
Hodgkins Reed 
Stenberg cells; sparse 
infl ammatory infi ltrate 

 Sclerosis  70–100 % 
(alveolar, fi ne bands) 

 Absent  100 % (large bands)  Focal fi brous bands 

 CD45  Positive  Positive  Negative  Positive 
 CD30  Positive weak 

(70–80 %) 
 Rare (anaplastic 
variant) 

 Positive  Positive 

 CD15  Negative  Negative  Positive  Positive 
 CD20  Positive  Positive  Negative  Positive 
 CD79a  Positive  Positive  Usually negative  Positive 
 PAX-5  Positive  Positive  Weak positive  Positive frequently 
 Immunoglobulin  Negative  Positive  Negative  Negative 
 BOB-1  Positive  Positive  Negative  Positive frequently 
 OCT-2  Positive  Positive  Negative  Positive frequently 
 MAL expression  60–70 %  <10 %  <20 %  30–40 % 

Bcl-6

MAL

Ig/ISH Oct.2 Bob.1

IRF4

e

g h

f

Fig. 10.1 (continued)
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analysis of TNFAIP2, expressed by most cases of 
PMBCL and Hodgkin lymphoma but not by dif-
fuse large B-cell lymphoma, NOS, may be useful 
for making a correct diagnosis (Kondratiev et al. 
 2011 ). Gene expression analysis allows for an 
improved distinction between PMBCL and diffuse 
large B-cell lymphoma, NOS, but can as yet not be 
used in clinical practice (Rosenwald et al.  2003 ).

10.3.5        Genetic Characteristics 

 Gene alterations are diverse, and copy number 
gains of REL, PDL1/PDL2, JAK2, and JMJD2C; 
chromosomal rearrangement of CIITA; mutations 
of SOCS1, STAT6, TNFAIP3, MYC, and TP53; 
or promotor hypermethylation of p16/INK may be 
seen (Steidl and Gascoyne  2011 ). The common 
consequences of these changes are activation of 
JAK-STAT signalling and NFkB pathways, result-
ing in increased cell proliferation and survival. In 
addition, downregulation of HLA class II mole-
cules as well as overexpression of PD-1 ligands as 
a consequence of the genetic changes cited above 
may allow PMBCL to escape immune surveil-
lance. Interestingly, gene expression studies have 
shown a remarkable overlap of highly expressed 
genes and gene changes between PMBCL and 
Hodgkin lymphoma (Rosenwald et al.  2003 ; 
Steidl and Gascoyne  2011 ). Not surprisingly, the 
differential diagnosis between PMBCL and medi-
astinal Hodgkin lymphoma can be diffi cult and 
virtually impossible in some cases (Traverse-
Glehen et al.  2005 ). The latter cases are called 
B-cell lymphoma, unclassifi able, with features 
intermediate between diffuse large B-cell lym-
phoma, and classical Hodgkin lymphoma, also 
known as “mediastinal grey zone lymphoma.”   

10.4     Clinical Presentation 

10.4.1     Clinical Features 

 Primary mediastinal large B-cell lymphoma nor-
mally presents with a bulky tumour in the ante-
rior mediastinum that is rapidly progressive and 
gives rise to local compressive effects including 

dyspnea, cough, dysphagia, and superior vena 
cava obstruction. Up to one-half of patients have 
symptoms and signs of superior vena cava syn-
drome, thoracic and neck vein distension, facial 
oedema, conjunctival swelling, and occasionally 
arm oedema. This results in relatively early pre-
sentation so that at diagnosis, most patients 
(around 80 %) have stage I or II disease. The 
mediastinal tumour is frequently bulky, being 
over 10 cm in two-thirds of patients, and infi ltrat-
ing the lung, chest wall, pleura, and pericardium 
(Falini et al.  1995 ; Armitage and Weisenburger 
 1998 ). Pleural or pericardial effusions are present 
in one-third of cases (Lazzarino et al.  1997 ; 
Zinzani et al.  2001 ). Breast oedema is common, 
and hoarseness may refl ect recurrent laryngeal 
nerve damage (Fig.  10.2 ). Despite the local inva-
siveness, distant spread is infrequent at the out-
set, and even spread to the supraclavicular nodes 
is unusual at presentation. Extranodal sites may, 
however, be involved, particularly in cases of dis-
ease recurrence, with an unusual propensity for 
involvement of the kidneys, adrenal glands, liver, 
and ovaries (Haioun et al.  1989 ; Lazzarino et al. 
 1993 ; Bishop et al.  1999 ). Systemic symptoms, 
mainly fever or weight loss, are present in a 
minority of cases. Bone marrow infi ltration at 
presentation is rare, but elevated lactate dehydro-
genase levels are observed in two-thirds of 
patients. MGZL shows similar clinical features 
but, compared to PMBCL, is more common in 
young men and more often has extranodal 
involvement (Table  10.2 ).

10.4.2         Diagnostic and Staging 
Procedures 

 The complete staging workup for PMBCL is the 
same as that routinely used for nodal lymphoma. 
It includes an accurate physical examination, 
complete hematologic and biochemical examina-
tions, total body computerised tomography, and 
bone marrow biopsy. The staging system used is 
the standard Ann Arbor classifi cation (Carbone 
et al.  1971 ). A diagnostic tissue sample can be 
obtained by mediastinoscopy, biopsy of the 
tumour mass through the supraclavicular fossa, 
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anterior mediastinotomy, or minithoracotomy. 
It is important to consider the anaesthetic risk for 
patients with critical airways narrowing by ante-
rior mediastinal tumours: it may be preferable to 
obtain a needle core biopsy by a percutaneous 
route under local anaesthesia than to obtain a 
large biopsy but have a patient who cannot be 
extubated following the procedure because of air-
way compromise. 

 PMBCL shows almost universal avidity for 
[18F]-2-fl uoro-2-deoxyglucose, making positron 
emission tomography (FDG-PET) an effective 
means to assess disease extent and to characterise 
residual masses at the completion of treatment. 
The extent of experience with this technique is, 
however, too limited to permit major changes to 

therapy based upon FDG-PET scans at present, 
pending the results of prospective trials.  

10.4.3     Prognostic Factors 

 The utility of the International Prognostic Index 
(IPI) in PMBCL is limited by the age distribu-
tion of the disease and its usual confi nement to 
the mediastinum. This is refl ected in the obser-
vation that half of patients have low IPI scores 
at presentation (Abou-Elella et al.  1999 ). The 
age- adjusted IPI has similarly been reported to 
be of limited predictive value in PMBCL. This 
may refl ect differences between studies, assign-
ing patients as either stage IV or stage 2E when 

a b

  Fig. 10.2    CXR ( a ) and CT ( b ) scan from a female patient presenting with PMBCL. Note the large anterior mediastinal 
mass, with areas suggestive of central necrosis. Marked breast oedema is present       

   Table 10.2    Comparison of the clinical features of: primary mediastinal large B-cell lymphoma (PMBCL), diffuse 
large B-cell lymphoma (DLBCL), nodular sclerosis classical Hodgkin lymphoma (NScHD), and mediastinal grey zone 
lymphoma (MGZL)   

 Features  PMBCL  DLBCL  cHL  MGZL 

 Female/male ratio  2:1  1:1  1:1  1:2 
 Median age  35  55  28  35 
 Stage I–II  70–80 %  30 %  55 %  70–80 % 
 Mediastinal invol.  All  20 %  80 %  All 
 Extranodal sites  Uncommon  Common  Uncommon  Uncommon 
 Bone marrow  2 %  10–15 %  3 %  3 % 
 Elevated LDH  70–80 %  50 %  Rare  70–80 % 
 B symptoms  <20 %  50 %  40 %  40 % 
 Bulky disease  70–80 %  10–15 %  50 %  70–80 % 
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contiguous extranodal sites such as the lung are 
involved (Todeschini et al.  2004 ; Hamlin et al. 
 2005 ; Savage et al.  2006 ). Elevated LDH to more 
than twice the upper limit of normal, age over 
40, and performance status ≥2 all correlated with 
reduced survival in a population-based series from 
British Columbia (Savage et al.  2006 ), whilst in 
a large series from the International Extranodal 
Lymphoma Study Group (IELSG), male sex, 
poor performance status, and advanced- stage dis-
ease were signifi cant negative predictors (Zinzani 
et al.  2002 ). Recent gene expression studies have 
suggested that low expression of major histocom-
patibility (MHC) class II genes correlate with a 
poor outcome (Roberts et al.  2006 ).   

10.5     Treatment and Outcome 

 The fi rst line of treatment and its outcome are 
critical in managing PMBCL. Therapy for recur-
rence or progressive disease is of strictly limited 
effi cacy (Todeschini et al.  2004 ; Savage et al. 
 2006 ; Kuruvilla et al.  2008 ) making curative 
therapy at the fi rst attempt even more important 
for this type of lymphoma. It is, however, impor-
tant to strike an appropriate balance between 
the delivery of the highest possible cure fraction 
and minimising the long-term morbidity for this 
young population. A number of choices have 
to be made, including the initial chemotherapy/
immunochemotherapy and whether there might 
be a benefi t from high-dose therapy in fi rst remis-
sion. The role of consolidation radiotherapy to 
the mediastinum is especially controversial. 

10.5.1     Choice of Initial Treatment 
Regimen 

 There is broad agreement that for conventional 
DLBCL, the standard of care is the R-CHOP 
regimen. Prior to the introduction of rituximab, 
no advantage was demonstrated for the use of 
third- generation anthracycline-containing regi-
mens over conventional CHOP for DLBCL in 
general (Fisher et al.  1993 ), but some retrospec-
tive series in PMBCL suggested that superior 

outcomes might be achieved with latter genera-
tion regimens (Todeschini et al.  2004 ). The larg-
est series was from the IELSG, which reviewed 
the  outcomes of 426 previously untreated patients 
with PMBCL (Zinzani et al.  2002 ). Most of the 
patients that were treated with a third-generation 
regimen received MACOP-B ( n  = 204), the rest 
either VACOP-B ( n  = 34) or ProMACE CytaBOM 
( n  = 39). Although the complete response rate 
was similar between the third-generation sub-
group and those treated with conventional CHOP 
or CHOP-B, the relapse rate at 3 years was sig-
nifi cantly lower in the third-generation group 
(12 % vs. 23 %;  P = 0.02 ), and the projected 
10-year overall and progression-free survival 
were superior at 71 and 67 %, compared to 44 
and 33 % ( P  = 0.0001 and  P  = 0.0003, respec-
tively). The British Columbia group carried out a 
population-based retrospective analysis of 153 
patients with PMBCL whose treatment was 
determined by era-specifi c guidelines (Savage 
et al.  2006 ). Between 1980 and 1992 MACOP-B 
or VACOP-B was used, switching to CHOP 
between 1992 and 2001 and then to rituximab 
with CHOP (R-CHOP) thereafter. The overall 
survival for the cohort was 75 % at 5 years, with 
the overall survival at 5 years being 87 % for 
those treated with MACOP-B/VACOP-B, signifi -
cantly higher than the 71 % for those patients 
treated with CHOP ( P  = 0.048). Comparison of 
the baseline characteristics, however, demon-
strated a greater number of poor risk patients in 
the CHOP group. In the multivariate analysis for 
overall survival, the type of chemotherapy regi-
men showed a trend towards improved outcomes, 
but this was not statistically signifi cant.  

10.5.2     The Addition of Rituximab 
to Chemotherapy 

 It is generally accepted that the addition of ritux-
imab to chemotherapy for PMBL yields superior 
results. The MiNT study compared the outcomes 
for 824 patients with low-risk large B-cell lym-
phoma randomised to receive CHOP-like chemo-
therapy with or without rituximab (Pfreundschuh 
et al.  2006 ), which included a subset of 87 
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patients with PMBCL. The addition of ritux-
imab increased the CR rate from 54 to 80 % and 
the 3-year event-free survival from 52 to 78 % 
( p  = 0.012). The difference in overall survival 
did not reach statistical signifi cance owing to the 
small number with PMBCL (3-year OS 78 vs. 
89 %,  p  = 0.16), but was of the same order as that 
seen for the whole trial (85 % vs. 93 %,  p  < 0.001) 
(Rieger et al.  2011 ). The addition of rituximab 
to dose-adjusted EPOCH (etoposide, vincristine, 
doxorubicin, cyclophosphamide, and prednisone) 
in small numbers of patients with PMBL has also 
been reported as showing a favourable event-free 
( P  = 0.036) and overall survival ( P  = 0.023) in a 
non-randomised comparison (Dunleavy et al. 
 2006 ). In a small series from Israel, the addition 
of rituximab appeared to improve progression-
free survival, particularly in those patients receiv-
ing CHOP, whilst there was no difference in 
outcomes in a comparison between either a third-
generation regimen with rituximab or CHOP 
with rituximab (R-VACOP-B vs. R-CHOP, 84 % 
and 74 %, respectively;  P  = 0.44) (Avigdor et al. 
 2007 ). Overall, it appears likely that the use of 
rituximab removes the distinction between dif-
ferent chemotherapy regimens, and R-CHOP is 
now the most widely used for PMBCL, as it is for 
other types of large B-cell lymphoma.  

10.5.3     Assessment of the Response 
to Initial Therapy 

 The presence of bulky masses at the time of 
diagnosis, together with the extensive fi brotic 
elements of PMBL, often results in a residual 
mediastinal mass being present at the comple-
tion of initial chemotherapy. It may be diffi cult to 
distinguish inert fi brous tissue from viable resid-
ual lymphoma on conventional cross-sectional 
imaging, and for this reason, functional imag-
ing has been extensively investigated. The  67 gal-
lium scan was found to have predictive value for 
PMBL in identifying patients at risk of relapse 
(Zinzani et al.  1999 ); however, it is time consum-
ing to perform and has poor spatial resolution. 
The  18 Fluoro-Deoxy-Glucose Positron Emission 
Tomography (FDG-PET) scan has become the 

investigation of choice for residual masses in 
PMBCL, although there is some uncertainty 
about its positive predictive value in particular. 
A systematic review of FDG-PET studies has 
examined post-therapy response assessment in 
lymphoma (Terasawa et al.  2008 ). In the studies 
reporting evaluation of residual masses in aggres-
sive NHL, the demonstrated sensitivity of PET 
ranged from 33 to 87 % and the specifi city from 
75 to 100 %. A prospective study of FDG-PET 
scanning in patients with PMBCL after 4 cycles 
of accelerated (14 days) R-CHOP performed at 
Memorial Sloan Kettering Cancer Center showed 
that among 14 patients with interim positive 
PET scans, none had viable lymphoma present 
on biopsy, and all remained in remission after 
completing consolidation R-ICE chemotherapy 
(Moskowitz et al.  2010 ). A prospective study of 
FDG-PET scanning 125 patients with PMBCL 
conducted by the IELSG yielded a relatively 
low rate of negative scans at under 50 % despite 
excellent clinical outcomes, albeit after the use of 
consolidation radiotherapy in 123 cases (Martelli 
et al.  2011 ). These data indicate that further 
evaluation is required before modifying planned 
therapy based upon FDG-PET evaluation alone 
in PMBCL. The false-positive rate in particu-
lar requires defi nition, although de-escalation 
of therapy based upon the fi nding of a negative 
FDG-PET scan is entering clinical practice and 
is the subject of a prospective randomised trial.  

10.5.4     The Role of Consolidation 
Radiotherapy 

 Irradiation of the mediastinum is one of the 
most controversial aspects of the management of 
PMBCL. It is not attractive to administer radia-
tion extensively to a group dominated by younger 
subjects, who may be put at increased risk of sec-
ond malignancies, especially breast cancer and 
accelerated coronary artery disease. On the other 
hand, the chances of cure following recurrence of 
PMBCL are relatively poor, so that any approach 
which puts patients at increased risk of relapse is 
to be strenuously avoided. The best outcomes his-
torically have been reported with regimens that 
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incorporated radiotherapy as part of the primary 
treatment (Todeschini et al.  2004 ; Mazzarotto 
et al.  2007 ; De Sanctis et al.  2008 ). It is clear 
from the IELSG series that many patients com-
pleting chemotherapy in PR may be converted to 
CR following radiotherapy (Zinzani et al.  2002 ), 
that radiotherapy may render active residual 
mediastinal masses  67 gallium negative (Zinzani 
et al.  1999 ), or result in long-term remission after 
a positive FDG-PET scan (Martelli et al.  2011 ). 
Univariate and multivariate analyses in two ret-
rospective series have suggested that the use of 
radiotherapy was correlated with better event-
free and overall survival (Todeschini et al.  2004 ; 
Rodriguez et al.  2008 ). 

 Those who would prefer to avoid irradiation 
of the mediastinum can however point to good 
results in studies that have used chemotherapy 
alone (Cazals-Hatem et al.  1996 ; Hamlin et al. 
 2005 ; Dunleavy et al.  2013 ; Massoud et al. 
 2008 ). In British Columbia, the introduction of 
routine radiotherapy to consolidate response 
after chemotherapy was not accompanied by 
any improvement in progression-free or over-
all survival, even for initially bulky disease 
(Savage et al.  2006 ). The study from Memorial 
Sloan Kettering Cancer Center which used radio-
therapy in only 7 % of patients treated with the 
NHL-15 regimen (comprising intensifi ed doxo-
rubicin, vincristine, and cyclophosphamide) had 
excellent results, with overall survival of 84 % 
at a median follow-up of over 10 years (Hamlin 
et al.  2005 ). The results that have been reported 
with dose-adjusted EPOCH in combination with 
rituximab are also claimed to negate the need for 
irradiation (Dunleavy et al.  2013 ). 

 It is clear that further research is needed in 
order to determine the safety of omitting radia-
tion in patients with non-FDG avid mediastinal 
masses at the completion of chemotherapy.  

10.5.5     Intensifi cation with 
High- Dose Therapy 
at First Remission 

 Before the widespread use of consolidation 
radiotherapy to the mediastinum, the results with 

PMBCL were thought to be inferior to those of 
other types of DLBCL, and this, together with 
the rarity of marrow involvement and the younger 
age of PMBCL patients, led to the testing of 
high- dose chemotherapy and peripheral blood 
progenitor rescue at fi rst remission. The larg-
est series reported comes from the GEL-TAMO 
registry (Rodriguez et al.  2008 ). Thirty-fi ve 
patients in fi rst CR, but considered at ‘high-risk’ 
of relapse, underwent high-dose therapy with 
variable conditioning regimens. At 4 years, the 
overall and progression-free survival were 84 
and 81 %, respectively, similar to the results seen 
among 12 patients (8 in CR and 4 in PR) reported 
by Sehn et al. ( 1998 ). Just over half the patients 
in the GEL-TAMO series also received irradia-
tion either before or after high-dose therapy, and 
this was one of the dominant variables associated 
with overall survival in multivariate analysis. In 
the IELSG analysis, a limited number of patients 
( n  = 44) underwent high-dose therapy which 
resulted in an estimated overall survival of 77 % 
at 10 years (Zinzani et al.  2002 ). In the Memorial 
Sloan Kettering experience high-dose therapy 
with progenitor cell rescue at fi rst remission was 
not superior to dose-dense sequential therapy 
(Hamlin et al.  2005 ). 

 Taken overall, the results now obtained with 
R-CHOP and consolidation radiotherapy to the 
mediastinum appear favourable by comparison 
with the reports of high-dose consolidation, 
which is not widely used at fi rst remission in 
other types of DLBCL. At present, there is no 
good evidence to support its use in this context 
for PMBCL. 

 The exception to this may be those patients 
whose lymphomas progress during primary ther-
apy. These have a very poor outlook: of 14 
patients in the British Columbia series, the major-
ity were resistant to alternative chemotherapy 
regimens, and there were no long-term survivors 
(Savage et al.  2006 ). Sehn et al. however reported 
on 12 patients with refractory disease who at 5 
years had a progression-free survival of 58 % fol-
lowing high-dose chemotherapy (Sehn et al. 
 1998 ). It is appropriate in this setting to test che-
mosensitivity to a second-line regimen prior to 
myeloablative treatment, proceed in those fi t 
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enough to do so, and consolidate the response 
with involved fi eld radiotherapy.  

10.5.6     Treatment of Recurrent 
Disease 

 The probability of recurrence after successful 
initial therapy for PMBCL appears to be lower 
than that of DLBL in general, although this 
may refl ect the earlier stage at presentation, the 
younger age, or possibly the biology of the dis-
ease. Most recurrences occur within the fi rst year, 
and they are rare beyond two years from comple-
tion of therapy (Zinzani et al.  1999 ; Todeschini 
et al.  2004 ; Savage et al.  2006 ). Extranodal sites 
of recurrence are not uncommon, especially the 
kidneys and spleen, but spread to the central ner-
vous system is highly unusual (Papageorgiou 
et al.  2012 ). 

 Second-line treatment strategies are similar to 
those used for DLBCL, attempting reinduction 
with non-cross-resistant agents, followed by con-
solidation with high-dose chemotherapy in those 
with a good response who remain fi t enough. 
In general, the outcomes have been disappoint-
ing. In one series of 138 patients, all those who 
relapsed died from their lymphoma (Todeschini 
et al.  2004 ), although another series from the 
MD Anderson Cancer Center had 42 % long-
term survivors (Popat et al.  1998 ). The general 
use of rituximab in fi rst-line therapy has made 
recurrence less frequent but harder to manage 
successfully.      

   References 

    Abou-Elella AA, Weisenburger DD et al (1999) Primary 
mediastinal large B-cell lymphoma: a clinicopatho-
logic study of 43 patients from the Nebraska 
Lymphoma Study Group. J Clin Oncol 17:784–790  

     Armitage JO, Weisenburger DD (1998) New approach to 
classifying non-Hodgkin’s lymphomas: clinical fea-
tures of the major histologic subtypes. Non-Hodgkin’s 
Lymphoma Classifi cation Project. J Clin Oncol 16:
2780–2795  

    Avigdor A, Sirotkin T et al (2007) Combination of 
Rituximab with initial chemotherapy improves outcome 
of primary mediastinal B-cell lymphoma: a  retrospective 

analysis of a single institution cohort. ASH Annu Meet 
Abstr 110:1283  

     Barth TF, Leithauser F et al (2002) Mediastinal (thymic) 
large B-cell lymphoma: where do we stand? Lancet 
Oncol 3:229–234  

    Bishop PC, Wilson WH et al (1999) CNS involvement in 
primary mediastinal large B-cell lymphoma. J Clin 
Oncol 17:2479–2485  

    Calaminici M, Piper K et al (2004) CD23 expression in 
mediastinal large B-cell lymphomas. Histopathology 
45:619–624  

    Carbone PP, Kaplan HS et al (1971) Report of the com-
mittee on Hodgkin’s disease staging classifi cation. 
Cancer Res 31:1860–1861  

      Cazals-Hatem D, Lepage E et al (1996) Primary mediasti-
nal large B-cell lymphoma. A clinicopathologic study 
of 141 cases compared with 916 nonmediastinal large 
B-cell lymphomas, a GELA (“Groupe d’Etude des 
Lymphomes de l’Adulte”) study. Am J Surg Pathol 20:
877–888  

    Copie-Bergman C, Gaulard P et al (1999) The MAL gene 
is expressed in primary mediastinal large B-cell lym-
phoma. Blood 94:3567–3575  

      Copie-Bergman C, Plonquet A et al (2002) MAL expres-
sion in lymphoid cells: further evidence for MAL as a 
distinct molecular marker of primary mediastinal large 
B-cell lymphomas. Mod Pathol 15:1172–1180  

    Copie-Bergman C, Boulland ML et al (2003) 
Interleukin 4-induced gene 1 is activated in primary 
mediastinal large B-cell lymphoma. Blood 101:
2756–2761  

    de Leval L, Ferry JA et al (2001) Expression of bcl-6 and 
CD10 in primary mediastinal large B-cell lymphoma: 
evidence for derivation from germinal center B cells? 
Am J Surg Pathol 25:1277–1282  

    De Sanctis V, Finolezzi E et al (2008) MACOP-B and 
involved-fi eld radiotherapy is an effective and safe 
therapy for primary mediastinal large B cell lym-
phoma. Int J Radiat Oncol Biol Phys 72:1154–1214  

     Dunleavy K, Pittaluga S et al., (2013) Dose-adjusted 
EPOCH-rituximab therapy in primary mediastinal 
B-cell lymphoma.  N Engl J Med 368:1408–1416  

    Falini B, Venturi S et al (1995) Mediastinal large B-cell 
lymphoma: clinical and immunohistological fi ndings 
in 18 patients treated with different third-generation 
regimens. Br J Haematol 89:780–789  

    Fisher RI, Gaynor ER et al (1993) Comparison of a stan-
dard regimen (CHOP) with three intensive chemother-
apy regimens for advanced non-Hodgkin’s 
lymphomas. N Engl J Med 328:1002–1006  

    Haioun C, Gaulard P et al (1989) Mediastinal diffuse 
large-cell lymphoma with sclerosis: a condition with a 
poor prognosis. Am J Clin Oncol 12:425–429  

       Hamlin PA, Portlock CS et al (2005) Primary mediastinal 
large B-cell lymphoma: optimal therapy and prognos-
tic factor analysis in 141 consecutive patients treated 
at Memorial Sloan Kettering from 1980 to 1999. Br J 
Haematol 130:691–699  

     Harris NL, Jaffe ES et al (1994) A revised European- 
American classifi cation of lymphoid neoplasms: a 

P. Johnson et al.



205

proposal from the International Lymphoma Study 
Group. Blood 84:1361–1392  

    Harris NL, Jaffe ES et al (1999) World Health Organization 
classifi cation of neoplastic diseases of the hematopoi-
etic and lymphoid tissues: report of the Clinical 
Advisory Committee meeting-Airlie House, Virginia, 
November 1997. J Clin Oncol 17:3835–3849  

    Kondratiev S, Duraisamy S et al (2011) Aberrant expres-
sion of the dendritic cell marker TNFAIP2 by the 
malignant cells of Hodgkin lymphoma and primary 
mediastinal large B-cell lymphoma distinguishes 
these tumor types from morphologically and pheno-
typically similar lymphomas. Am J Surg Pathol 35:
1531–1539  

    Kuruvilla J, Pintilie M et al (2008) Salvage chemotherapy 
and autologous stem cell transplantation are inferior 
for relapsed or refractory primary mediastinal large 
B-cell lymphoma compared with diffuse large B-cell 
lymphoma. Leuk Lymphoma 49:1329–1365  

    Lazzarino M, Orlandi E et al (1993) Primary mediastinal 
B-cell lymphoma with sclerosis: an aggressive tumor 
with distinctive clinical and pathologic features. J Clin 
Oncol 11:2306–2313  

    Lazzarino M, Orlandi E et al (1997) Treatment outcome 
and prognostic factors for primary mediastinal (thy-
mic) B-cell lymphoma: a multicenter study of 106 
patients. J Clin Oncol 15:1646–1653  

     Levitt LJ, Aisenberg AC et al (1982) Primary non- 
Hodgkin’s lymphoma of the mediastinum. Cancer 
50:2486–2492  

    Lichtenstein AK, Levine A et al (1980) Primary mediasti-
nal lymphoma in adults. Am J Med 68:509–514  

    Loddenkemper C, Anagnostopoulos I et al (2004) 
Differential Emu enhancer activity and expression 
of BOB.1/OBF.1, Oct2, PU.1, and immunoglobulin 
in reactive B-cell populations, B-cell non-Hodgkin 
lymphomas, and Hodgkin lymphomas. J Pathol 202:
60–69  

     Martelli M, Ceriani L et al (2011) PET/CT response anal-
ysis in primary mediastinal diffuse large B-cell lym-
phoma (PMBL): preliminary results of the IELSG-26 
study. Ann Oncol 22:133  

    Massoud M, Koscielny S et al (2008) Primary mediastinal 
large B-cell lymphomas treated with dose-intensifi ed 
CHOP alone or CHOP combined with radiotherapy. 
Leuk Lymphoma 49:1510–1515  

    Mazzarotto R, Boso C et al (2007) Primary mediastinal 
large B-cell lymphoma: results of intensive chemo-
therapy regimens (MACOP-B/VACOP-B) plus 
involved fi eld radiotherapy on 53 patients. A single 
institution experience. Int J Radiat Oncol Biol Phys 
68:823–832  

    Millan J, Alonso MA (1998) MAL, a novel integral mem-
brane protein of human T lymphocytes, associates 
with glycosylphosphatidylinositol-anchored proteins 
and Src-like tyrosine kinases. Eur J Immunol 28:
3675–3684  

      Moller P, Lammler B et al (1986) Primary mediastinal 
clear cell lymphoma of B-cell type. Virchows Arch A 
Pathol Anat Histopathol 409:79–92  

    Moskowitz C, Schoder H et al (2010) Risk-adapted dose- 
dense immunochemotherapy determined by interim 
FDG-PET in Advanced-stage diffuse large B-cell lym-
phoma. J Clin Oncol 28:1896–2799  

    Papageorgiou SG, Diamantopoulos P et al (2012) Isolated 
central nervous system relapses in primary mediasti-
nal large B-cell lymphoma after CHOP-like chemo-
therapy with or without Rituximab. Hematol Oncol 
31:10–17  

     Paulli M, Strater J et al (1999) Mediastinal B-cell lym-
phoma: a study of its histomorphologic spectrum 
based on 109 cases. Human Pathol 30:178–187  

    Pfreundschuh M, Trumper L et al (2006) CHOP-like che-
motherapy plus rituximab versus CHOP-like chemo-
therapy alone in young patients with good-prognosis 
diffuse large-B-cell lymphoma: a randomised con-
trolled trial by the MabThera International Trial 
(MInT) Group. Lancet Oncol 7:379–391  

        Pileri SA, Gaidano G et al (2003) Primary mediastinal 
B-cell lymphoma: high frequency of BCL-6 mutations 
and consistent expression of the transcription factors 
OCT-2, BOB.1, and PU.1 in the absence of immuno-
globulins. Am J Pathol 162:243–253  

    Popat U, Przepiork D et al (1998) High-dose chemother-
apy for relapsed and refractory diffuse large B-cell 
lymphoma: mediastinal localization predicts for a 
favorable outcome. J Clin Oncol 16:63–69  

    Rieger M, Osterborg A et al (2011) Primary mediastinal 
B-cell lymphoma treated with CHOP-like chemother-
apy with or without rituximab: results of the Mabthera 
International Trial Group study. Ann Oncol 22:
664–734  

    Roberts RA, Wright G et al (2006) Loss of major histo-
compatibility class II gene and protein expression in 
primary mediastinal large B-cell lymphoma is highly 
coordinated and related to poor patient survival. Blood 
108:311–318  

    Rodig SJ, Savage KJ et al (2007) Expression of TRAF1 
and nuclear c-Rel distinguishes primary mediastinal 
large cell lymphoma from other types of diffuse 
large B-cell lymphoma. Am J Surg Pathol 31:
106–112  

     Rodriguez J, Conde E et al (2008) Primary mediastinal 
large cell lymphoma (PMBL): frontline treatment 
with autologous stem cell transplantation (ASCT). 
The GEL-TAMO experience. Hematol Oncol 26:
171–179  

     Rosenwald A, Wright G et al (2003) Molecular diagnosis 
of primary mediastinal B cell lymphoma identifi es a 
clinically favorable subgroup of diffuse large B cell 
lymphoma related to Hodgkin lymphoma. J Exp Med 
198:851–862  

          Savage K, Al-Rajhi N et al (2006) Favorable outcome of 
primary mediastinal large B-cell lymphoma in a single 
institution: the British Columbia experience. Ann 
Oncol 17:123–153  

     Sehn LH, Antin JH et al (1998) Primary diffuse large 
B-cell lymphoma of the mediastinum: outcome fol-
lowing high-dose chemotherapy and autologous 
hematopoietic cell transplantation. Blood 91:717–723  

10 Primary Mediastinal Large B-Cell Lymphoma   



206

     Steidl C, Gascoyne RD (2011) The molecular pathogene-
sis of primary mediastinal large B-cell lymphoma. 
Blood 118:2659–2669  

    Terasawa T, Nihashi T et al (2008) 18F-FDG PET for 
posttherapy assessment of Hodgkin’s disease and 
aggressive non-Hodgkin’s lymphoma: a systematic 
review. J Nucl Med 49:13–21  

          Todeschini G, Secchi S et al (2004) Primary mediastinal 
large B-cell lymphoma (PMLBCL): long-term results 
from a retrospective multicentre Italian experience in 
138 patients treated with CHOP or MACOP-B/
VACOP-B. Br J Cancer 90:372–376  

      Traverse-Glehen A, Pittaluga S et al (2005) Mediastinal 
gray zone lymphoma: the missing link between classic 
Hodgkin’s lymphoma and mediastinal large B-cell 
lymphoma. Am J Surg Pathol 29:1411–1421  

      Zinzani PL, Martelli M et al (1999) Treatment and clin-
ical management of primary mediastinal large 
B-cell lymphoma with sclerosis: MACOP-B regi-
men and mediastinal radiotherapy monitored by 
(67)Gallium scan in 50 patients. Blood 94:
3289–3293  

    Zinzani PL, Martelli M et al (2001) Primary mediasti-
nal large B-cell lymphoma with sclerosis: a clinical 
study of 89 patients treated with MACOP-B chemo-
therapy and radiation therapy. Haematologica 86:
187–191  

       Zinzani PL, Martelli M et al (2002) Induction chemother-
apy strategies for primary mediastinal large B-cell 
lymphoma with sclerosis: a retrospective multina-
tional study on 426 previously untreated patients. 
Haematologica 87:1258–1264      

P. Johnson et al.


	10: Primary Mediastinal Large B-Cell Lymphoma 
	10.1	 Introduction
	10.2	 Epidemiology
	10.3	 Pathology and Biology
	10.3.1	 Cell of Origin
	10.3.2	 Histopathology
	10.3.3	 Immunophenotype
	10.3.4	 Diagnostic Criteria
	10.3.5	 Genetic Characteristics

	10.4	 Clinical Presentation
	10.4.1	 Clinical Features
	10.4.2	 Diagnostic and Staging Procedures
	10.4.3	 Prognostic Factors

	10.5	 Treatment and Outcome
	10.5.1	 Choice of Initial Treatment Regimen
	10.5.2	 The Addition of Rituximab to Chemotherapy
	10.5.3	 Assessment of the Response to Initial Therapy
	10.5.4	 The Role of Consolidation Radiotherapy
	10.5.5	 Intensification with High-�Dose Therapy at First Remission
	10.5.6	 Treatment of Recurrent Disease

	References


