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ediastinal gray zone lymphoma, B-cell lymphomas with intermediate features between classical Hodgkin lymphoma and primary mediastinal B-cell lymphoma, have not been well
described in the literature. We report the clinical characteristics and outcomes of a large retrospective series of 99 cases centrally reviewed by a
panel of hematopathologists, with a consensus established for the diagnosis. Cases were defined as classical Hodgkin lymphoma-like morphology
(64.6%) with primary mediastinal B-cell lymphoma immunophenotype,
primary mediastinal B-cell lymphoma-like morphology (30.3%) with
classical Hodgkin lymphoma or composite (5.1%) (synchronous occurrence of classical Hodgkin lymphoma and primary mediastinal B-cell lymphoma). The median age was 32 years (13-83 years); 55% were women.
Thirteen of 81 evaluable cases (16%) were Epstein-Barr virus-positive.
Twenty-eight percent of patients presented primary refractory disease
(progression under first-line treatment or relapse within one year). The 3year event-free and overall survival rates were 63% and 80%, respectively. Patients treated with a standard regimen (RCHOP/ABVD) had worse
event-free survival (P=0.003) and overall survival (P=0.02) than those
treated with a dose-intensive chemotherapy (high-dose RCHOP/escalated BEACOPP). Rituximab added to chemotherapy was not associated
with better event-free survival (P=0.55) or overall survival (P=0.88).
Radiotherapy for patients in complete remission had no impact on eventfree survival. In multivariate prognostic analysis, ECOG-PS and anemia
were the strongest factors associated with a shorter event-free survival
and overall survival, respectively. In conclusion, this report describes the
largest series of mediastinal gray zone lymphoma. Our data suggest that
a dose-intensive treatment might improve the outcome of this rare and
aggressive disease.
haematologica | 2017; 102(1)
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Introduction
Mediastinal gray zone lymphoma (MGZL), defined as
B-cell lymphoma with intermediate features between primary mediastinal B-cell lymphoma (PMBCL) and classical
Hodgkin lymphoma (CHL), is one of the provisional entities in the 2008 World Health Organization (WHO) classification1 based on different retrospective pathological
reports from the literature.2-5 Although more recent publications defined a particular methylation profile for this
entity,6,7 and a particular immunohistochemistry scoring
system to distinguish it from CHL and PMBCL,8 there is
a need for clarification of the clinico-pathological diagnostic criteria for MGZL. Previous retrospective studies4,5,9-12
(including from 2 to 112 cases) showed that patients with
an MGZL had a poorer outcome than patients with a
PMBCL or diffuse large B-cell lymphoma (DLBCL). The
poor prognosis was confirmed by the prospective study of
the National Cancer Institute that included 24 MGZL
cases treated with rituximab and an intensified
chemotherapy regimen (namely DA-EPOCH-R: dose
adapted etoposide, prednisolone, oncovin, cyclophosphamide, doxorubicin) with a shorter progression-free survival (PFS) and overall survival (OS) as compared with
PMBCL.13 The largest previously reported series of GZL
between diffuse large B-cell lymphoma (DLBCL) and CHL
included 112 patients, 43% with a mediastinal GZL and
57% without mediastinal involvement.11 At a 31-month
median follow up, 2-year PFS and OS rates were 40% and
88%, respectively. Furthermore, they observed that rituximab combined with chemotherapy could improve
patient prognosis.
To improve the clinico-pathological diagnostic criteria
of MGZL from those of PMBCL and CHL, and to better
assess treatment results using different therapeutic strategies, we conducted a retrospective analysis with a central
pathological review of all the cases by a panel of
hematopathologists from the Lymphoma Study
Association (LYSA).

Methods
Pathological definition of MGZL and inclusion criteria
We retrospectively identified cases treated in French, Belgian
and Portuguese LYSA centers suspected to be MGZL using local
pathological records, records from LYSA centers, and from the
LYMPHOPATH network, which aims to review all newly diagnosed lymphoma cases in France.14 All the FFPE blocks and
immunohistochemistry (IHC) slides (obtained prior to any treatment) were centralized in the LYSA-Pathology (LYSA-P) department located in the Henri Mondor hospital in Paris to perform a
central review by a panel of hematopathologists. This central
review included 3 different steps. During the first meeting in the
LYSA-P, the panel of 12 hematopathologists (ATG, TM, DD, PD,
BF, CL, MP, LM, DC, BB, PG, CC) established a consensus for
inclusion criteria based on previous pathological descriptions of
MGZL from the literature.2-5,9 They identified 4 situations or subgroups, which are presented in the results section, and in Table 1
and Figure 1, to analyze patients’ characteristics and outcomes. As
a second step, the panel reviewed all the cases with a multi-head
microscope during 3 meetings. When at least 6 experts were in
agreement on the diagnosis of MGZL, the case was included. As a
third step, all the cases were reviewed a second time by 4 experts
(ATG, TM, DD, MP).
haematologica | 2017; 102(1)

Collection of clinical and outcome data
All cases confirmed by the pathology panel underwent clinical
analysis and data were retrospectively collected in the patients’
files and anonymously coded. To limit the analysis to the clinicopathological entity of MGZL, only cases with mediastinal involvement were included. Sequential cases with CHL at diagnosis and
PMBCL at relapse or vice versa were excluded from the clinical and
prognostic analysis, as they all presented an event by definition.
Cases with a follow up without an event shorter than one year
were also excluded (see flow chart in Supplementary Appendix).
Treatments were classified as CHL-like chemotherapy and
DLBCL-like chemotherapy. Response to treatment was assessed
according to the revised and current lymphoma criteria.15,16 EFS
was calculated from the date of diagnosis to the date of progression, a change of therapy that was not initially scheduled (radiotherapy, high-dose therapy with autologous stem cell transplantation and other unplanned treatments) or death from any cause. OS
was calculated from date of diagnosis to date of death from any
cause. Statistical analysis was performed with SAS software.
Categorical variables were summarized using frequencies and percentages, and compared using the χ2 test. Univariate prognostic
analysis was performed using the log-rank test. Variables with a
P<0.05 in univariate analysis were included in a Cox regression
model for multivariate prognostic analysis.
The study was conducted with the approval of the LYSA center’s ethics committees and the SUD-EST VI ethics committee
(L15-118) according to French law and the Declaration of Helsinki.

Results
Pathological review and case inclusion
Two hundred and four cases were reviewed by the
panel of LYSA hematopathologists. Only cases with an
intermediate morphology and phenotype between CHL
and PMBCL were included. Cases were considered CD20+
if all tumoral cells strongly expressed CD20. Cases of
CHL with partial CD20 expression or low expression in
tumoral cells were excluded and considered as CD20-positive CHL (Figure 1).
Among the 204 cases, 165 were included in the study as
MGZL, and 39 did not fulfill the pathological inclusion criteria for MGZL and were classified as classical PMBCL (12
cases), CHL (20 cases including 15 cases of Nodular
Sclerosis Hodgkin Lymphoma BNLI 2), T-cell rich large
B-cell lymphoma (3 cases) or nodular lymphocyte predominant Hodgkin lymphoma (4 cases). These MGZL
cases were then categorized according to the closest morphological features to well-defined subtypes (PMBCL or
CHL): 103 (62%) had CHL-like MGZL, 44 (27%) PMBCLlike MGZL, 6 (4%) a composite (with a morphology of
CHL on the one side and of PMBCL on the other side of
the same diagnosis biopsy, n=4, or in two different biopsies performed at diagnosis, n=2), and 12 (7%) a sequential
form (with a diagnostic biopsy of PMBCL and a relapse
biopsy of CHL or vise versa). Among these 165 patients
analyzed for pathological features, 23 cases were not further analyzed due to insufficient clinical data at diagnosis,
20 due to the absence of mediastinal involvement at diagnosis and 11 due to a follow-up period shorter than one
year without event. Therefore, after exclusion of the 12
sequential patients, a total of 99 MGZL cases were ultimately included in the outcome analysis: 64 CHL-like, 30
PMBCL-like, and 5 composite cases.
Briefly, cases with CHL-like morphology had a mor151
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phology closer to CHL than to PMBCL with pleomorphic
tumor cells including Reed Sternberg and Hodgkin-like
cells in an inflammatory background and fibrotic stroma
(Table 1). They had a strong and diffuse CD30 and CD20
expression. They also expressed one or several B-cell transcription factors (OCT2, BOB1, PAX5). Cases with
PMBCL-like morphology had morphology closest to
PMBCL with an important infiltrate of medium to large
tumor cells, sparse fibrosis and more monomorphic background. They were all CD30 positive. CD30 weak cases
were all CD15 positive with a B-cell marker. CD20 negative cases had an expression of CD79a or of a B-cell transcription factor with an expression of CD30 or CD15. In
all cases, the morphology was always intermediate
between CHL and PMBCL (Figure 1): CHL-like with
tumoral cells resembling Hodgkin lymphoma cells with
less inflammatory background and sheet of large cells or
PMBCL-like with larger and more pleomorphic cells than
in typical PMBCL, and some cells resemble bi- or multinucleated Reed Sternberg cells (data not shown).

Clinical and biological characteristics
Clinical and biological characteristics are shown in Table
2. Among these 99 cases, 13 of 81 (16%) were associated
with Epstein-Barr virus (EBV), as demonstrated by EBER in
situ hybridization analysis, with a similar proportion of
EBV+ cases among CHL-like and PMBCL-like subtypes.
The median age of patients was 32 years (range
13-83 years), 55% were female, and 10 patients (10%)
were over 60 years of age at diagnosis. The EBV-related
cases were of similar age to the others (median age 29 vs.
32 years for EBV+ vs. EBV– cases, respectively). More than
one-third of the patients (34%) had bulky disease with a
threshold of 10 cm, and 16 (16%) suffered from superior
vena cava syndrome at presentation. Fifty-five patients
(55%) had Ann Arbor stage III-IV disease, 40 had stage II,
and 4 had stage I. Anemia (<10.5 g/dL) was present in
21% of the patients and lymphopenia (<600/mm3) was
present in 34%. The erythrocyte sedimentation rate (ESR)
was elevated in 68% and the albumin level was low (<35
g/L) in 39%. The age-adjusted International Prognostic

Table 1. Pathological criteria for diagnosis of gray zone lymphoma and subgroups.

Subgroups

Morphology

Phenotype

CHL-like GZL

CHL

PMBCL-like GZL

PMBCL

Composite
Sequential

As expected in each component
Diagnosis of CHL or PMBCL
and relapse with PMBCL or CHL

CD20 high and diffuse on all tumor cells,
CD30 +++, CD15+/• CD20 +++, CD30+ high and diffuse, CD15 +/• CD20+++, CD30+/-, CD15+ high and diffuse
• CD20-, CD79a+, CD30+, CD15+
As expected in each component
Diagnosis of CHL or PMBCL and
relapse with PMBCL or CHL

All the cases presented an intermediate morphology and immunophenotype. They were classified according to the closest morphology. CHL: classical Hodgkin lymphoma; GZL: gray zone lymphoma; PMBCL: primary mediastinal B-cell lymphoma.

A

B

C

D

E

F

Figure 1. Pathological features of cases included in this series. (A) Classical Hodgkin lymphoma (CHL)-like morphology with tumoral cells resembling Hodgkin lymphoma cells but with less inflammatory background, and a frequent sheet of large cells associated with a phenotype of primary mediastinal B-cell lymphoma (PMBCL)
(growth X10). (B) Strong and diffuse CD20 expression in all CHL-like lymphoma cells (growth X10). (C) CD30 expression in lymphoma cells (growth X10). (D)
Mediastinal gray zone lymphoma (MGZL) with a primary mediastinal B-cell lymphoma-like morphology (growth X20) with an intermediate morphology with larger and
more pleomorphic cells than in typical PMBCL and some cells resemble bi- or multinucleated Reed Sternberg cells (not shown) and sometimes inflammatory background with numerous eosinophils in association with a CHL phenotype. (E and F) High CD30 and CD15 expression in all lymphoma cells (growth X5).
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Index score (aaIPI) was low (0 or 1 factor) in 59% of the
cases (54 patients) and high (2 or 3 factors) in 37 patients.
The Hodgkin Lymphoma International Prognostic Score
(HL IPS) score was low (0-2) in 56 patients (58%) and high
(>2) in 41 patients.

Treatments and outcome
Treatments and outcome are shown in Table 3. Of all
patients, 42 cases (43%) were treated with a CHL-like regimen and 56 (57%) with a DLBCL-like regimen. One 78year old patient did not receive chemotherapy, only supportive care, due to poor performance status and comorbidities. The CHL-like regimen consisted of ABVD (doxorubicin, vinblastine, bleomycin,
dacarbazine) or
escBEACOPP (escalated BEACOPP: methylprednisolone,
doxorubicin, cyclophosphamide, procarbazine, etoposide,
bleomycin, vincristine). DLBCL-like treatments consisted
of rituximab and chemotherapy, most frequently CHOP

(doxorubicin, methylprednisolone, cyclophosphamide
and vincristine) or a dose-intensive regimen, namely
ACBVP17 (doxorubicin, methylprednisolone, cyclophosphamide, bleomycin, vindesine). Two patients received
other DLBCL regimens: one patient DA-EPOCH-R (classified as dose-intensive) and one R-CEOP (doxorubicin
replaced by etoposide, classified as non-dose-intensive)
due to a contraindication to anthracycline. Among treated
patients, the overall response rate was 81% (79 of 98),
including 72 complete responses (CR, 73%) and 7 partial
responses (PR, 7%). Seventeen patients had stable or progressive disease. Finally, 2 patients died during the treatment period from treatment-related toxicities and were
considered as failures in response analysis. There were no
differences in the CR rate between regimens including rituximab and those that did not (P=0.38) (Table 3). There
were no differences in the CR rate between the R-CHOP
and R-ACVBP regimen (P=0.38). Patients treated with

Table 2. Clinical and biological characteristics at diagnosis.

Characteristics
N=99
Age (median)
> 60 years
Sex (M/F)
Vena cava syndrome
Ann Arbor
I / II
III / IV
Pleural/pericardial effusion / localization
Bone marrow involvement
ECOG-PS ≥ 2
B symptoms
Extranodal involvement > 1
Bulky disease
> 7 cm
> 10 cm
Anemia (hemoglobin < 10.5 g/dL)
Leukocytes > 15x109/L
Lymphopenia 0.6x109/L and leukocyte 15x109/L
Albuminemia < 35 g/L
ESR > 50 or > 30 + B symptoms
LDH > UNL
β2 microglobulin > UNL
aaIPI
0-1
2- 3
NA
IPS
0-2
3+
NA
EBV
Positive
Negative
NA

MGZL fulfilled criteria for prognostic analysis,
X/evaluable cases
32 years (13-83)
10 (10 %)
44/55 (0.8)
16/99 (16%)
44 (4%) (4 stage I)
55 (56%) (42 stage IV)
30/90 (33%)
9 /97 (9.3%)
20/99 (20%)
57/98 (58%)
17/98 (17.3%)
48/88 (55%)
30/88 (34%)
19/90 (21%)
15/92 (16%)
31/90 (34%)
29/75 (39%)
58/85 (68%)
55/91 (60%)
16/55 (29%)
54 (59%)
37 (41%)
8
56 (58%)
41 (42%)
2
13 (16%)
68 (84%)
18

Clinical and biological characteristics at diagnosis in the whole population of 99 mediastinal gray zone lymphoma (MGZL). M: male; F: female; ECOG-PS: Eastern
Cooperative Oncology Group Performance Score; ESR: erythrocyte sedimentation rate; IPI: International Prognostic Index; LDH: lactate dehydrogenase; UNL: upper
normal limit; aaIPI: age-adjusted International Prognostic Index score; IPS: International Prognostic Score; EBV: Epstein-Barr virus; NA: not available.

haematologica | 2017; 102(1)
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N. of subjects

B

N. of subjects

ABVD had lower CR rates than those treated with
escBEACOPP (45% vs. 90%; P=0.002, χ2 test).
Thirty-three patients exhibited disease progression or
refractory disease within a median of 6.8 months from
diagnosis (range 1.4-37.2 months). Among them, 28 had
primary refractory disease; 23 had no CR to initial treatment (6 patients in PR that progressed within a year and
17 stable or progressive diseases). Five additional patients
achieved a CR after initial treatment but relapsed within
the first year after diagnosis. Among the 7 patients in PR,
6 progressed within a year, and one with a persistent
mediastinal mass reached CR with additional radiotherapy (36 Gy) (median FU in CR of 6 years). Finally, 5 patients
experienced a relapse more than one year after diagnosis
but with a median time of only 14 months between diagnosis and relapse.
After a median follow up of 34 months (0.4-198.5
months), the estimated EFS at three years was 63%
(95%CI:52%-72%) and OS 80% (95%CI: 68%-87%)
(Figure 2A and B). A total of 20 patients died, 17 of them
from a cause related to lymphoma and 2 (10%) from treatment-related toxicities (both received escBEACOPP regimen). Three-year EFS was 34% (95%CI: 9%-62%), 76%
(95%CI: 55%-88%), 55% (95%CI: 35%-72%), and 70%
(95%CI: 49%-84%) for ABVD, escBEACOPP, R-CHOP
154

Figure 2. Event-free survival (EFS) and overall survival (OS) in
the global population of mediastinal gray zone lymphoma
(MGZL). After a median follow up of 34 months (range 0.4-198.5
months) according to reverse Kaplan-Meier method, the estimated EFS at three years was 63% (95%CI: 52%-72%) and OS was
80% (95%CI: 68-87%). NA: not available.

and R-ACVBP regimens, respectively. escBEACOPP regimen offered a longer EFS than ABVD regimen (P=0.004).
The 3-year OS for patients treated with ABVD,
escBEACOPP, R-CHOP or R-ACVBP, was 61% (95%CI:
26%-83%), 94% (95%CI: 77%-98%), 75% (95%CI:
49%-89%), and 86% (95%CI: 63%-95%), respectively,
without a significant difference between them. There
were no differences in EFS or OS for patients treated with
or without rituximab (P=0.55 and 0.88 for EFS and OS,
respectively).
Event-free survival of the 59 patients treated with doseintensive regimens (R-ACVBP, n=27 patients, DAEPOCH-R, n=1 patients, or escBEACOPP, n=31 patients)
(60%) was better than the 39 patients treated with a less
intensive regimen (R-CHOP, n=27 patients, ABVD, n=11
patients, or R-CEOP, n=1 patient) (40%); estimated EFS at
three years was 74% (95%CI: 60%-83%) versus 48%
(95%CI: 31%-63%) for patients treated with a dose-intensive versus standard regimen, respectively, (HR=0.38,
95%CI: 0.20-0.75; P=0.003). Patients treated with a doseintensive regimen also had a longer OS [3-year estimate
of 90% (95%CI: 78%-96%) versus 67% (95%CI: 47%81%) for patients treated with a standard regimen, respectively (HR=0.33, 95%CI: 0.13-0.89; P=0.02)]. As we
observed that 9 and 0 patients were older than 60 years of
haematologica | 2017; 102(1)

Table 3. Treatment and outcome according to gray zone subtypes.

GZL subtype
All
HL-like GZL
DLBCL-like GZL
Composite GZL

Treatment
HL-like chemo
ABVD
escBEACOPP
DLBCL-like chemo
RCHOP
RACBVP
RCEOP
R DA-EPOCH
Rituximab
With
Without

N (99°)

CR/ PR/ failure / NA

EFS

OS

99
64
30
5

72 (73%)/7/19/1°
49 (77%)/3/11/1
22 (73%)/1/7/0
1 (20%)/3 /1/0

3y 63% (52-72% )
3y 66% (53-77%)
3y 63% (43-78%)
3y 20% (1-58%)

3y 80% (68-87%)
3y 80% (65-89%)
3y 75% (52-88%)
3y 100%

N (98)

CR/ PR/ failure/ NA

EFS, P (log-rank)

OS, P (log-rank)

42
11
31
56
27
27
1
1

33 / 2 /7/0
5 (45%)/1/5/0
28 (90%)/1/2$/0
39/5/12/0
17 (63%)/3/7/0
20 (74%)/2/5/0
1
1

P=0.13
3y 61% (26-83%)
3y 94% (77-98%)
P=0.19
3y 75% (49-89%)
3y 86% (63-95%)

57
41

40 (70%)/ 5 / 12 / 0
32 (76%)/ 2 / 7 / 0

P=0.004
3y 34% (9-62%)
3y 76% (55-88%)
P=0.18
3y 55% (35-72%)
3y 70% (49-84%)
P=0.55
3y 63% (49-74%)
3y 65% (48-78%)

χ2

P=0.002*

P=0.38**

P=0.38***

P=0.88
3y 80% (65-89%)
3y 81% (60-91%)

Outcome for patients according to their mediastinal gray zone lymphoma (MGZL) subtypes with poorer event-free survival (EFS) for patients with the composite
form but similar overall survival (OS). (Bottom) Treatment and outcome according to the treatment type: HL-like (ABVD or escBEACOPP) or DLBCL-like (CHOP or
ACBVP) and with or without rituximab. There were no differences in response rate, EFS, or OS of patients treated with regimens including rituximab and those who
did not. Among patients treated with HL-like chemotherapy, those treated with escBEACOPP had a better response rate and longer EFS than those treated with the
ABVD regimen. Among patients treated with the DLBCL-like regimen, there were no differences in the response rate, EFS or OS between R-CHOP and R-ACVBP. GZL:
gray zone lymphoma; CR: complete response; PR: partial response; NA: not available; HL-like chemo: Hodgkin lymphoma-like chemotherapy; DLBCL-like chemo:
diffuse large B-cell lymphoma-like chemotherapy; ABVD: doxorubicin, vinblastine, bleomycin and dacarbazine; escBEACOPP: escalated BEACOPP: methylprednisolone, doxorubicin, cyclophosphamide, procarbazine, etoposide, bleomycin and vincristine; CHOP: doxorubicin, methylprednisolone, cyclophosphamide and
vincristine; ACBVP: doxorubicin, methylprednisolone, cyclophosphamide, bleomycin and vindesine; CEOP: etoposide, methylprednisolone, cyclophosphamide and
vincristine; DA-EPOCH: dose-adapted etoposide, prednisolone, oncovin, cyclophosphamide, doxorubicin; EFS: event-free survival; OS: overall survival; m: months,
3y: at 3 years. °1 patient did not receive any treatment (received supportive care).$2 patients died during treatment (with escBEACOPP) and were considered to be
failures in response analysis. All the patients treated with DLBCL-like chemotherapy received rituximab. One patient received HL-like chemotherapy and rituximab.
*χ2 test for complete response to treatment with ABVD versus escBEACOPP. **χ2 test for complete response to treatment with CHOP versus ACVBP. ***χ2 test for
complete response to treatment with rituximab versus without rituximab.

age in standard-dose and intensive regimens, respectively,
we restricted our analysis to patients under 60 years of
age. The 59 patients treated with a dose-intensive regimen
maintained a longer EFS than the 30 treated with a less
intensive regimen, with a 3-year EFS estimate of 74%
(95%CI: 60%-83%) versus 46% (95%CI: 28%-63%),
respectively [(HR=0.37, 95%CI: (0.18-0.74); P=0.003)].
There was a trend for a better OS with a 3-year estimated
OS of 90% (95%CI: 78%-96%) versus 72% (95%CI: 49%86%) for patients treated with a dose-intensive and a standard regimen, respectively (HR=0.39, 95%CI: 0.14-1.10;
P=0.06) (Figure 3A and B).
Seventeen patients of 72 (24%) in CR received the initially planned radiation therapy, with no differences in
terms of OS (P=0.38) or EFS (P=0.74) between patients
treated without radiation after CR. Only 2 patients were
treated with high-dose chemotherapy followed by autologous stem cell transplant (ASCT) as a consolidation therapy after first-line treatment and both are in persistent CR
(at 69 and 19 months of follow up, respectively).
We then analyzed the outcome data according to the
different MGZL subtypes. Among the 64 patients with
CHL-like MGZL, 34 (53%) were treated with a DLBCLlike regimen (including rituximab in all patients), 29 (47%)
with a CHL-like regimen and one patient received palliative care. Their 3-year estimated EFS was 66% (95%CI:
53%-77%). The majority of patients with PMBCL-like
MGZL (23 of 30, 77%) received a DLBCL-like regimen
and 7 received a CHL-like regimen. Their 3-year estimated
EFS was comparable to that of CHL-like GZL: 63%
(95%CI: 43%-78%). The 5 patients with a composite
MGZL treated with RCHOP (n=3), RACVBP (n=1) and
haematologica | 2017; 102(1)

ABVD (n=1) had a shorter EFS compared to the 94
patients with the other MGZL subtypes [3-year EFS of
20% (95%CI: 1-58%) vs. 65% (95%CI: 54%-74%)] but
had a similar OS (80%, 75% and 100% for CHL, PMBCLlike and composite MGZL, respectively), although the low
number of patients with a composite MGZL limits evaluation.

Outcome after progression and salvage options
The estimated median OS post relapse was 30 months
(95%CI: 15-189), with 17 deaths among 33 progressive
and relapsed patients. Twenty-nine patients received a
chemotherapy-based salvage regimen (19 associated with
rituximab) and 4 received palliative care. Fifteen patients
responded to first-line salvage, 2 had a stable disease and
12 progressed. Eighteen patients received high-dose therapy after salvage (first or second line of salvage): 16 followed by ASCT and 2 followed by allotransplant. Among
them, 11 (69%, 9 ASCT and 2 allotransplant) achieved a
CR with a follow up of 30 months after relapse. Among
the 11 patients who received salvage chemotherapy without transplantation, 3 (20%) were in CR after 2, 30 and 60
months of follow up, respectively. Finally, among the 33
relapsed/refractory patients, 11 patients had a prolonged
second CR longer than one year after salvage therapy.

Prognostic factors
In the univariate prognostic analysis, a vena cava syndrome, an Eastern Cooperative Oncology Group
Performance Score (ECOG-PS) over 1, anemia (<10.5
g/dL), presence of B symptoms, and high β2 microglobulin
level at diagnosis were all associated with a shorter EFS.
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A

+Censored
Logrank P=0.0033

B

+Censored
Logrank P=0.0662

Figure 3. (A and B) Event-free survival (EFS) and overall survival (OS) in the population of patients under 60 years of age according to whether a dose-intensive
chemotherapy regimen was administered. To avoid age-related biases, only patients under 60 years of age for whom a dose-intensive regimen could be proposed
were included in this analysis. The dose-intensive regimen consisted of escalated (esc)BEACOPP (n=31), R-ACVBP (n=27) or DA-EPOCH-R (n=1). The standard regimen consisted of R-CHOP (n=19), ABVD (n=10) and R-CEOP (n=1). The 3-year estimated EFS was 74% (95%CI: 60%-84%) for patients treated with a dose-intensive
regimen versus 46% (95%CI: 28%-63%) for those treated with a standard regimen, with a statistically significant difference [P=0.003, HR=0.37, (95%CI: 018-0.74)].
The 3-year estimated OS was 90% (95%CI: 78%-96%) for patients treated with a dose-intensive regimen, which was higher than for patients treated with a standard
regimen [72% (95%CI: 49%-86%)], although the difference was not statistically significant; P=0.06, Hazard Ratio 0.39, (95%CI: 0.14-1.1). ABVD: doxorubicin, vinblastine, bleomycin, dacarbazine; escBEACOPP, escalated BEACOPP: methylprednisolone, doxorubicin, cyclophosphamide, procarbazine, etoposide, bleomycin, vincristine; CHOP: doxorubicin, methylprednisolone, cyclophosphamide, vincristine; ACBVP: doxorubicin, methylprednisolone, cyclophosphamide, bleomycin, vindesine;
CEOP: etoposide, methylprednisolone, cyclophosphamide, vincristine; DA-EPOCH: dose-adapted etoposide, prednisolone, oncovin, cyclophosphamide, doxorubicin;
R: rituximab; NA: not available.
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Age over 60 years, presence of pleural or pericardial effusion, ECOG-PS over 1, anemia, high lactate dehydrogenase (LDH) level, high β2 microglobulin level and ESR
(>50 or >30 with B symptoms) were associated with a
shorter OS (Table 4). In a multivariate analysis (n=88
patients with available data), including the relevant prognostic factors for EFS and OS in univariate analysis (vena
cava syndrome, ECOG-PS, anemia, B symptoms for EFS
and age, ECOG-PS, anemia and LDH for OS) and the
treatment strategy (dose-intensive regimen or standard
regimen), ECOG-PS was the only factor significantly associated with shorter EFS [P=0.04, HR 2.4, CI (1.1-5.7)]. A
trend for an association with EFS was observed for B
symptoms (HR=2.1, 95%CI: 0.9-4.9; P=0.07) and doseintensive treatment (HR=0.5, 95%CI: 0.2-1.3; P=0.1).
Anemia was the only factor associated with OS [P=0.02,
HR=4.4, 95%CI: (1.2-16)].

Discussion
We report the largest series of MGZL with a central
pathological review in the LYSA-P center performed by a
panel of hematopathologists. Based on the literature data
and according to the advice of different experts in
hematopathology, a consensus on pathological criteria
was established for the inclusion of cases. This series, like
others,2,3,6 includes a few cases that present both CHL and
PMBCL features on the same biopsy (composite lymphoma) or in 2 biopsies at different times (sequential lymphoma). These cases should be considered as the extremities of the spectrum, as described in the WHO classification and in other GZL series.1-3,6,18 Indeed, 2 sequential
cases were previously reported to have identical lymphoma clones in both biopsies,3 and both components of
composite lymphoma had the same methylation profile as
other MGZL in another report.6 Clinico-pathological characteristics of the 99 patients showed that patients were
young, as previously reported,2 but with a small female
predominance, in contrast to other reports.2,11,13 This difference might be related to the limited number of patients in
each study. The majority of the cases had CHL-like morphology. Only 6 cases were composite with 2 distinct patterns (CHL and PMBCL in the same biopsy or 2 distinct
biopsies at diagnosis). Except for these cases, morphology
was always intermediate between CHL and PMBCL and
the immune phenotype was inversely correlated with the
closest morphology (CHL-like morphology with a
PMBCL-like phenotype and vice versa). Thirteen cases
were EBV positive. Among them, 4 had a morphology
closer to PMBCL than CHL and the diagnosis of CHL was
clearly ruled out. Nine had a morphology closer to CHL
than PMBCL. They were not considered as CHL because
they had conserved B-cell program markers on each tumor
cell (a strong CD20 expression on all tumor cells and
expression of B-cell transcription factors). Nevertheless,
the diagnosis of these EBV-associated CHL-like cases
remain challenging. Half of the patients in the CHL-like
subgroup were treated with a CHL-like regimen and half
with a DLBCL-like regimen. The majority of the patients
in the PMBCL-like subgroup received a DLBCL-like treatment. The variability in treatment administered within
each subgroup demonstrates inter-clinician variability and
the poor reproducibility of diagnosis over the past 15
years.
haematologica | 2017; 102(1)

The overall response rate was 80% in our report, including 73% CR, as compared to 71% ORR and 59% CR in
the study by Evens et al.11 The 2-year estimated EFS in the
present report is slightly higher than in Evens et al. (63%
vs. 40%), but the 2-year OS was similar in both reports
(85% vs. 88%). The difference might be related to the
first-line strategy with more dose-intensive regimen
administered in our series. Most of the cases of progression observed here (85% of the relapses) occurred within
the first year after diagnosis. These data suggest that
MGZL is an aggressive disease that requires an efficient
first-line therapeutic strategy.
Rituximab did not appear to provide any added benefit
either in the whole population or in each different sub-

Table 4. Prognostic factors for event-free survival (EFS) and overall survival (OS) in univariate analysis.

Variable at diagnosis
Age
> 60 years
Sex (M/F)
Vena cava syndrome
Ann Arbor
I/II vs. III/IV
Pleural/pericardial effusion / localization
Bone marrow involvement
Yes vs. No
ECOG-PS ≥2
B symptoms
Yes vs. No
Extra nodal involvement >1
Yes vs. No
Bulky disease
>7 cm (Yes/No)
>10 cm (Yes/No)
Anemia (Hemoglobin <10.5 g/dL)
Yes vs. No
Leukocytes >15x109/L
Yes vs. No
Lymphopenia <0.6x109/L or <8% leukocyte
Yes vs. No
Albuminemia <35 g/L
Yes vs. No
ESR >50 or >30 + B symptoms
Yes vs. No
LDH > UNL
Yes vs. No
β2 microglobulin >UNL
Yes vs. No
aaIPI
0-1 vs. 2-3
IPS
0-2 vs. 3 +
EBV
Positive vs. negative

EFS
(P log-rank)

OS
(P log-rank)

0.21
0.66
0.020

0.002
0.52
0.22

0.60
0.67

0.59
0.048

0.34
<0.001

0.47
0.002

0.014

0.17

0.65

0.57

0.39
0.25

0.58
0.59

0.047
0.87

<0.001
0.98

0.29

0.60

0.25

0.31

0.18

0.048

0.06

0.004

0.041

0.008

0.07

0.31

0.50

0.29

0.11

0.22

For each variable, P values for EFS and for OS according to the log-rank test are
shown. EFS: event-free survival; OS: overall survival; M: male; F: female; ECOGPS: Eastern Cooperative Oncology Group Performance Score; ESR: erythrocyte
sedimentation rate; LDH: lactate dehydrogenase; UNL: upper normal limit;
aaIPI: age-adjusted International Prognostic Index score; EBV: Epstein-Barr
virus.

157

© Ferrata Storti Foundation

Mediastinal gray zone lymphoma from the LYSA

group. This lack of benefit might be related to the utilization of a dose-intensive regimen or to the lack of statistical
power with a relatively low number of patients included
in this retrospective cohort. These data differ from those
previously reported11 and may require further investigation. Radiotherapy for patients in CR did not seem to add
any benefit in terms of EFS or OS; nevertheless, one
patient in PR converted to CR thanks to mediastinal radiation. Regarding the different chemotherapy regimens,
ABVD seems to be the less efficient regimen, with a significantly lower CR rate and EFS when compared with
escBEACOPP (CR rate 45% vs. 90%; EFS 4% vs. 76% at 3
years for the ABVD and escBEACOPP regimen, respectively), and a strong trend toward shorter OS (61% vs.
94% at 3 years for ABVD and escBEACOPP, respectively).
According to Evens et al., patients treated with ABVD also
showed an inferior CR rate and PFS, with 23% PFS at two
years,11 and a prolonged PFS for the DA-EPOCH-R regimen (68% at 2 years). The difference in EFS for the whole
population between our report and the study by Evens et
al. might be related to the different treatment strategies,
with 51% and 30% of the patients treated with ABVD
and R-CHOP, respectively, in their analysis compared to
11% and 28%, respectively, in our report where the other
patients (60%) were treated with more intensive regimens. With the dose-intensive DA-EPOCH-R regimen,
Wilson et al.13 reported a 5-year EFS and OS of 62% and
74%, respectively, similar to our results (61% EFS and
75% OS at 5 years). The comparison of dose-intensive versus standard regimens presented in our series is in line
with the Wilson et al. report and suggests that MGZL
patients might benefit from a dose-intensive chemotherapy that allowed longer EFS and OS (P=0.003 and 0.02,
respectively), even in the young and fit population
(P=0.003 and 0.06, respectively). We report 2 treatmentrelated deaths (9.5%) with the escBEACOPP regimen.
Finally, after salvage, when achievable, ASCT seemed to
be of benefit to the responsive patients.
Taken together, these data suggested that MGZL is an
aggressive disease with a high rate of primary refractory
patients. Therefore, according to our data, and considering
the possible biases related to the retrospective aspect of
the study, a dose-intense regimen should be proposed
whenever possible for younger patients and whenever
classical regimens such as ABVD or R-CHOP appear inadequate. However, the best intensive regimen needs to be
defined. New regimens including targeted therapies
should be developed for unfit and older patients for whom
intensive treatment is inadequate. Indeed, for example,
checkpoint inhibitors (as in CHL), or XPO1 inhibitors (as
in PMBCL) should be evaluated in MGZL. All these cases
also expressed CD30 that could be targeted with
Brentuximab vedotin.
In the univariate prognostic analysis including clinicobiological markers, the presence of vena cava syndrome,
pleural or pericardial effusion, anemia, B symptoms,
ECOG-PS over 1, high β2 microglobulin level and ESR
were associated with poor EFS and/or OS. The significance of vena cava syndrome and pleural or pericardial
effusion is a specific characteristic of PMBCL19 that might
explain why these factors were not relevant in the report
by Evens et al. that included less than 50% of patients
with a mediastinal presentation. The presence of an
altered ECOG-PS was the most important prognostic fac158

tor for EFS in our series, as in Evens et al.11 In contrast to
other reports,11,13 disease stage or lymphopenia were not
associated with outcome, but anemia was the only factor
independently associated with poor OS. There was no significant difference in outcome between the 3 different
MGZL subgroups.
The most important weakness of our study is inherent
to its retrospective nature and the possible lack of uniformity of the patients’ clinical evaluation, treatment and follow up. However, we present here the largest series of
MGZL with a central pathological review performed by
an expert panel.
In conclusion, according to the consensus on the criteria
established by the literature data and confirmed by our
panel of hematopathologists, a large series of MGZL,
intermediate between PMBCL and CHL, could be identified. The rate of primary refractory disease and poor
results of the standard chemotherapy regimen suggest that
an alternative dose-intensive treatment may be required
for these patients. The pathological diagnosis remains
challenging and requires a large immunohistochemical
panel (especially B-cell transcription factors) and expert
review. In our series, rituximab did not seem to improve
patients’ outcome. A meta-analysis including all cases
reported in the literature could be helpful to determine
whether rituximab should be systematically combined
with CT for these patients. There is a need to design a
prospective trial with inclusion criteria based on pathological review in order to define the best type of treatment for
these patients. Biological analyses are warranted to
improve the accuracy of MGZL diagnosis and find new
biological pathways for therapeutic objectives.
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